
MODIFIED TOXINS CROSS-REFERENCE [0001] This
application claims the benefit of U.S. Provisional
Application No. 60/945,556, filed June 21, 2007
(attorney docket number 33094-702.101), U.S.
Provisional Application No. 60/954,278, filed August
6, 2007 (attorney docket number 33094-702.102), U.S.
Provisional Application No. 61/032,888, filed February
29, 2008 (attorney docket number 33094-702.103), U.S.
Provisional Application No. 61/042,178, filed April 3,
2008 (attorney docket number 33094-702.104), U.S.
Provisional Application No. 60/945,568, filed June 21,
2007 (attorney docket number 33094-703.101), U.S.
Provisional Application No. 60/954,284, filed August
6, 2007 (attorney docket number 33094-703.102), U.S.
Provisional Application No. 61/032,910, filed February
29, 2008 (attorney docket number 33094-703.103), and
U.S. Provisional Application No. 61/042,187, filed
April 3, 2008 (attorney docket number 33094-703.104),
each of which applications is incorporated herein in
its entirety by reference. BACKGROUND OF THE INVENTION
[0002] Efficacy of a therapeutic protein can be
limited, for example, by an unwanted immune reaction
to the therapeutic protein. For instance, several
mouse monoclonal antibodies have shown promise as
therapies in a number of human disease settings but in
certain cases have failed due to the induction of
significant degrees of a human anti-murine antibody
(HAMA) response [Schroff, R. W. et al (1985) Cancer
Res. 45: 879-885; Shawler, D. L. et al (1985) J.
Immunol. 135: 1530-1535]. For monoclonal antibodies, a
number of techniques have been developed in attempt to
reduce the HAMA response [WO 89/09622; EP 0239400; EP
0438310; WO 91/06667]. These recombinant DNA
approaches have generally reduced the mouse genetic
information in the final antibody construct while
increasing the human genetic information in the final
construct. Notwithstanding, the resultant "humanized"
antibodies have, in several cases, still elicited an
immune response in patients [Issacs J . D. (1990) Sem.
Immunol. 2 : 449,456; Rebello, P. R. et al (1999)
Transplantation 68: 1417-1420]. [0003] Antibodies are
not the only class of polypeptide molecule
administered as a therapeutic agent against which an
immune response may be mounted. Proteins of human
origin and with the same amino acid sequences as occur
within humans can still induce an immune response in
humans. Notable examples include the therapeutic use
of granulocyte-macrophage colony stimulating factor
[Wadhwa, M. et al (1999) Clin. Cancer Res. 5:
1353-1361] and interferon alpha 2 [Russo, D. et al
(1996) Bri. J . Haem. 94: 300-305; Stein, R. et al
(1988) New Engl. J. Med. 318: 1409-1413]. In such
situations where these human proteins are immunogenic,
there is a presumed breakage of immunological
tolerance to these proteins that would otherwise have
been operating in these subjects. [0004] A sustained
antibody response to a therapeutic protein requires
the stimulation of T-helper cell proliferation and
activation. T-cell stimulation requires an interaction
between a T-cell and an antigen presenting cell (APC).
At the core of the interaction is the T-cell receptor
(TCR) on the T-cell engaged with a peptide MHC class
II complex on the surface of the APC. The peptide is
derived from the intracellular processing of the
antigenic protein. Peptide sequences from protein
antigens that can stimulate the activity of T-cells
via presentation on MHC class II molecules are
generally referred to as "T-cell epitopes". Such
T-cell epitopes are any amino acid residue sequence
with the ability to bind to MHC Class II molecules,
and which can, at least in principle, cause the
activation of these T-cells by engaging a TCR to
promote a T-cell response. It is understood that for
many proteins, a small number of T-helper cell
epitopes can drive T-helper signaling to result in
sustained, high affinity, class-switched antibody
responses to what may be a very large repertoire of
exposed surface determinants on the therapeutic
protein.[0005] T-cell epitope identification is
recognized as the first step to epitope elimination of
T-cell epitopes in therapeutic proteins Patent
applications WO98/52976 and WO00/343 17 teach
computational threading approaches to identifying
polypeptide sequences with the potential to bind a sub
set of human MHC class II DR allotypes In these
applications, predicted T-cell epitopes are
computationally identified and subsequently removed by
the use of judicious amino acid substitution within
the protein of interest However with this scheme and
other computationally based procedures for epitope
identification [Godkm, A J et al (1998) J Immunol 161
850-858, Sturniolo, T etal (1999) Nat Biotechnol 17
555-561], it has been found that peptides predicted to
be able to bind MHC class II molecules may not
function as T-cell epitopes in all situations,
particularly, in vivo due to the processing pathways
or other phenomena In addition, the computational
approaches to T-cell epitope prediction have in
general not been capable of predicting epitopes with
DP or DQ restriction [0006] In vitro methods for
measuring the ability of synthetic peptides to bind
MHC class II molecules, for example using B-cell lines
of defined MHC allotype as a source of MHC class II
binding surface [Marshall K W et al (1994) J Immunol
152-4946-4956, O'Sullivan et al (1990) J Immunol 145
1799-1808, Robadey C et al (1997) J Immunol 159
3238-3246], maybe applied to MHC class II hgand
identification However, such techniques are not
adapted for the screemng multiple potential epitopes
to a wide diversity of MHC allotypes, nor can they
confirm the ability of a binding peptide to function
as a T-cell epitope [0007] In addition to T-cell
epitopes, many proteins are known to induce Vascular
Leak Syndrome (VLS) VLS arises from protem-mediated
damage to the vascular endothelium In the case of
recombinant proteins, lmmunotoxins and fusion toxins,
the damage is initiated by the interaction between
therapeutic proteins and vascular endothelial cells
[0008] The mechanisms underlying VLS are unclear and
likely involve a cascade of events which are initiated
in endothelial cells (ECs) and involve inflammatory
cascades and cytokines (Engert et al , 1997) VLS has a
complex etiology involving damage to vascular
endothelial cells (ECs) and extravasation of fluids
and proteins resulting in interstitial edema, weight
gain and, in its most severe form, kidney damage,
aphasia, and pulmonary edema (Sausville and Vitetta,
1997, Baluna and Vitetta, 1996, Engert et al , 1997)
[0009] It was reported that one of the VLS motifs
found in ricm toxin, the "LDV" motif, essentially
mimics the activity of a subdomam of fibronectin which
is required for bindmg to the mtegrin receptor
Integpns mediate cellto- cell and
cell-to-extracellular matrix interactions (ECM)
Integrins function as receptors for a variety of cell
surface and extracellular matrix protems including
fibronectin, laminin, vitronectin, collagen,
osteospondrn, thrombospondm and von Willebrand factor
Integrins play a significant role in the development
and maintenance of vasculature and influence
endothelial cell adhesiveness during angiogenesis
Further, it was reported that the ricin "LDV" motif
can be found in a rotavirus coat protein, and this
motif is important for cell binding and entry by the
virus (Coulson, et al , Proc Natl Acad Sci USA, 94(10)
5389-5494 (1997)) Thus, it appears to be a direct link
between endothelial cell adhesion, vascular stability
and the VLS motifs which mediate ricin binding to
human vascular endothelial cells (HUVECs) and vascular
leak [0010] Mutant deglycosylated ricm toxm A chains
(dgRTAs) were constructed in which this motif was
removed by conservative amino acid substitution, and
these mutants illustrated fewer VLS effects in a mouse
model (Smallshaw et al Nat Biotechnol , 21(4) 387-91
(2003)) However, the majority of these constructs
yielded dgRTA mutants that were not as cytotoxic as
wild type ricin toxm, suggesting that significant and
functionally critical structural changes in the ricin
toxophore resulted from the mutations It should also
be noted that no evidence was provided to suggest that
the motifs in dgRTA mediated HUVEC interactions and
VLS in any other protein Studiesrevealed that the
majority of the mutant dgRTAs were much less effective
toxophores and no evidence was provided to suggest
that fusion toxins could be assembled using these
variant toxophores [0011] VLS is often observed during
bacterial sepsis and may involve IL-2 and a variety of
other cytokines (Baluna and Vitetta, J Immunother ,
(1999) 22(1) 41-47) VLS is also observed m patients
receiving protein fusion toxin or recombinant cytokine
therapy VLS can manifest as hypoalbuminemia, weight
gain, pulmonary edema and hypotension In some patients
receiving lmmunotoxins and fusion toxms, myalgia and
rhabdomyolysis result from VLS as a function of fluid
accumulation in the muscle tissue or the cerebral
microvasculature (Smallshaw et al Nat Biotechnol 21(4)
387-91 (2003)) VLS has occurred inpatients treated
with lmmunotoxins containing ricm A chain, saporm,
pseudomonas exotoxin A and diphtheria toxin (DT) All
of the clinical testing on the utility of targeted
toxins, lmmunotoxins and recombinant cytokines
reported that VLS and VLS-hke effects were observed in
the treatment population VLS occurred in approximately
30% of patients treated with DAB389IL-2 (Foss et al ,
CIm Lymphoma 1(4) 298-302 (2001), Figgitt et al , Am J
CIm Dermatol , 1(1) 67-72 (2000)) DAB389IL-2,
interchangeably referred to in this application as
DT387-IL2, is a protein fusion toxin comprised of the
catalytic (C) and transmembrane (T) domains of DT (the
DT toxophore), genetically fused to rnterleukin 2
(IL-2) as a targeting hgand [Williams et al , Protein
Eng , 1 493-498 (1987), Williams et al , J Biol Chem ,
265 11885-1 1889 (1990), Williams et al , J Biol Chem
, 265 (33) 20673-20677, Waters et al , Ann New York
Acad Sci 30(636) 403-405, (1991), Kiyokawa et al ,
Protein Engineering, 4(4) 463-468 (1991), Murphy et al
, In Handbook of Experimental Pharmacology, 145 91-104
(2000)] [0012] VLS has also been observed following
the administration of IL-2, growth factors, monoclonal
antibodies and traditional chemotherapy Severe VLS can
cause fluid and protein extravasation, edema,
decreased tissue perfusion, cessation of therapy and
organ failure [Vitetta et al , Immunology Today, 14
252-259 (1993), Siegall et al , Proc Natl Acad Sci ,
91(20) 9514-9518 (1994), Baluna et al , Int J
Immunopharmacology, 18(6-7) 355-361 (1996), Baluna et
al , Immunopharmacology, 37(2-3) 117-132 (1997),
Bascon, Immunopharmacology, 39(3) 255 (1998)] [0013]
Thus, there is a need to design modified diphtheria
toxins that cause reduced vascular leak syndrome
compared to wild-type diphtheria toxin and/or have
reduced immunogenicity compared to wild-type
diphtheria toxin SUMMARY OF THE INVENTION [0014]
Provided herein are modified toxms, fusion proteins
containing the modified toxins, compositions thereof,
methods of making modified toxms and methods of
treating diseases such as cancer with modified toxins 



[0015] Provided herein are modified toxins, fusion
proteins containing the modified toxins, compositions
thereof, methods of making modified toxms and methods
of treating diseases comprising a toxin having at
least one ammo acid residue modification in at least
one T-cell epitope, wherein said modified toxin
exhibits reduced immunogenic ity compared to an
unmodified toxin [0016] Provided herein are modified
diphtheria toxms comprising at least one amino acid
residue modification in at least one T-cell epitope,
said modified toxins exhibiting reduced immunogenicity
compared to unmodified toxms T-cell epitopes can
comprise an amino acid sequence selected from SEQ ID
NOS 181, 184, 187, 190, 193, 196 and 199 In one
embodiment of the compounds disclosed herein, at least
one amino acid residue modification in a modified
diphtheria toxin is made in the epitope core of SEQ
IDNOS 181, 184, 187, 190, 193, 196 and 199 In yet
another embodiment, at least one amino acid residue
modification is made in the N terminus, C terminus, or
both of SEQ ID NOS 181, 184, 187, 190, 193, 196 and
199 In still further embodiments, at least one ammo
acid residuemodification is made in the epitope core
and in the N-terminus, C-Termmus or both of SEQ ID NOS
181, 184, 187, 190, 193, 196 and 199 [0017] In one
embodiment, a modified diphtheria toxin of contains
one or more modifications selected from among V7S,
V7T, V7N, V7D, D8E, S9A, S9T, V29S, V29T, V29N, V29D,
D30E, S3 IN, I290T, D291E, S292A, S292T, V97A, V97T,
V97D, L107N, Ml 16A, Ml 16Q, M116N, F124H, V148A,
V148T, L298A, and L298N [0018] In one embodiment, a
modified diphtheria toxin contains two modifications
selected from among V7N, V7T, V29N, V29T, and V29D
Modifications include, but are not limited to, V7N
V29N, V7N V29T, V7N V29D, V7T V29N, V7T V29T or V7T
V29D [0019] In one embodiment, a modified diphtheria
toxin contains three modifications selected from among
V7D, V7N, V7T, Ll 07A, Ll 07N, and Fl 24H
Modifications include, but are not limited to, V7D Ll
07A F124H, V7D L107NF124H, V7N L107A F124H, V7N L107N
F124H, V7T L107A F124H, and V7T L107N F124H [0020] In
one embodiment, a DT vapant contains four
modifications such as, for example, V7D V97D L107N
F124H, V7N V97D L107N F124H, V7T V97A L107N F124H, V7T
V97D L107N F124H, V7T V97T L107N F124H, V7D V97A L107N
F124H, V7D V97T L107N F124H, V7N V97A L107N F124H, and
V7N V97T L107N F124H [0021] Provided herein are
modified toxins, including fusions containing toxins,
wherein said toxins comprise a diphtheria toxin or a
fragment thereof and exhibit reduced immunogenicity
compared to unmodified diphtheria toxins Further
provided herein are modified toxms that exhibit
reduced immunogenicity comprising a diphtheria toxin
and at least one cell binding domain of a ligand from
a non-diphthepa toxin polypeptide In one embodiment,
the cell binding domain from a non-dipththepa toxin
polypeptide is a cell-binding ligand In another
embodiment of the compounds disclosed herein, the
modified toxin is a fusion toxin wherein a non- toxin
polypeptide is a cellbinding ligand, including but not
limited to an antibody or antigen-binding fragment
thereof, a cytokine, a polypeptide, a hormone, a
growth factor, or insulin [0022] In one embodiment,
the modified toxin is fusion toxin wherein the cell
binding domain is an antibody or antigen-binding
fragment thereof An antibody can be, for example,
monoclonal, polyclonal, humanized, genetically
engineered, or grafted An antigen-binding fragment can
be, for example, a Fab, Fab2, F(ab') 2, scFv, scFv2,
single chain binding polypeptide, VH, or a VL In a
further embodiment, the antibody or antigen binding
fragment thereof binds to a B cell surface molecule
such as, for example, the B-cell surface molecule CD19
or CD22 Alternatively, the antibody or antigen binding
fragment thereof, binds to the ovarian receptor MISIIR
(Mullepan Inhibitory Substance type II receptor)
[0023] Non-diphtheria toxin polypeptides can comprise,
but are not limited to, an antibody or antigen-binding
fragment thereof, EGF, IL-I, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-9, IL-10, IL-1 1, IL- 12, IL-13,
IL-14, IL-15, INFa, INFg, GM-CSF, G-CSF, M-CSF, TNF,
VEGF, Ephrin, BFGF and TGF In one embodiment, the
cytokine is IL 2 [0024] Also provided herein are
modified toxms comprising a toxin having at least one
amino acid residue modification in at least one T-cell
epitope, wherein said modified toxin exhibits reduced
immunogenicity compared to an unmodified toxin Further
provided are modified toxins having at least one amino
acid residue modification in at least one T-cell
epitope wherein said toxin is a diphtheria toxin or a
fragment thereof Also provided are modified toxins
having at least one amino acid residue modification m
at least one T-cell epitope wherein said toxm is a
diphtheria fusion toxm Additionally provided are
modified toxms having at least one ammo acid residue
modification in at least one T-cell epitope wherein
said toxm is a diphtheria fusion toxin comprising
diphtheria toxm and at least one cell binding domain
from a non-diphtheria toxin polypeptide Also provided
are modified toxinshaving at least one amino acid
residue modification in at least one T-cell epitope,
wherein said toxin is a diphtheria fusion toxin
comprising diphtheria toxin and at least one cell
binding domain from a non-diphtheria toxin
polypeptide, and wherein a non-diphtheria toxin
polypeptide is IL-2. [0025] Provided herein are
compositions comprising modified diphtheria toxins
with reduced immunogenicity and reduced binding to
endothelial cells, said modified diphtheria toxin
comprising an amino acid sequence as recited in SEQ ID
NO. 2 or 200 with one or more amino acid modifications
therein, wherein at least one T-cell epitope
comprising an amino acid sequence selected from among
SEQ ID NOS: 181, 184, 187, 190, 193, 196 and 199 is
modified, and wherein at least one amino acid
modification is made within an (x)D/E(y) motif in a
region selected from among residues 7-9, 29-31 and
290-292 of SEQ ID NO 2 or 200, and wherein said
modified diphtheria toxin has cytotoxicity comparable
to an unmodified diphtheria toxin, wherein a
modification at position (x) is a substitution of V or
I by an amino acid residue selected from among A, S,
E, F, C, M, T,W, Y, P, H, Q, D, N, K, R, G, L and a
modified or unusual amino acid from Table 1; and/or
wherein a modification at position D/E is a
substitution of D or E by an amino acid residue
selected from among A, S, E, I, V, L, F, C, M, G, T,W,
Y, P, H, Q, N, K, R and a modified or unusual amino
acid from Table 1; and/or wherein a modification at
position (y) is a substitution by an amino acid
residue selected from among I, F, C, M, A, G, T, W, Y,
P, H, E, Q, D, N, K, R, S, L, V, and a modified or
unusual amino acid from Table 1. [0026] Unmodified
diphtheria toxins can have, for example, an amino acid
sequence of SEQ ID NO: 2 or 200 or an amino acid
sequence of any one of SEQ ID NOS: 4-147. [0027] In
one embodiment, a modified diphtheria toxin contains
one or more modifications selected from among V7T,
V7N, V7D, D8N, S9A, S9T, S9G, V29N, V29D, V29T, D30N,
S31G, S31N, I290T, D291E, S292A, S292G and S292T.
[0028] In one embodiment, a modified diphtheria toxin
contains two modifications. Such modified diphtheria
toxins can contain a combination of mutations such as,
for example, V7N V29N, V7N V29T, V7N V29D, V7T V29N,
V7T V29T or V7T V29D. [0029] In one embodiment, a
modified diphtheria toxin contains three
modifications. Such modified diphtheria toxins can
contain a combination of mutations such as, for
example, V7N V29N I290N,V7N V29N I290T, V7N V29N
S292A, V7N V29N S292T, V7N V29T I290N, V7N V29T I290T,
V7N V29T S292A, V7N V29T S292T, and V7T V29T I290T.
[0030] Compositions comprising modified diphtheria
toxins exhibit (have) reduced immunogenicity (modified
Tcell epitopes and/or B-cell epitopes) and reduced
binding activity to human vascular endothelial cells
(HUVECs) compared to an unmodified diphtheria toxin.
Such compositions can further comprise a
non-diphtheria toxin polypeptide including, but not
limited to, an antibody or antigen-binding fragment
thereof, EGF, IL-I, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-Il, IL-12, IL-13, IL-14,
IL-15, INF , INFg, GM-CSF, G-CSF, M-CSF, TNF, VEGF,
Ephrin, BFGF and TGF. The non-diphtheria toxin
polypeptide can also be a fragment of such
polypeptides, such as a cell-binding portion thereof.
In one embodiment, the non-diphtheria toxin
polypeptide is IL- 2 or a cell-binding portion
thereof. [0031] Provided herein is a modified
diphtheria toxin made by a process of (i) identifying
at least one T-cell epitope within diphtheria toxin,
and (ii) modifying at least one amino acid residue
within at least one T-cell epitope identified in (i),
wherein said modified diphtheria toxin exhibits
reduced immunogenicity compared to an unmodified
toxin. [0032] Also provided herein is a method of
selecting a modified diphtheria toxin exhibiting
reduced immunogenicity and reduced binding to
endothelial cells compared to an unmodified toxin
comprising (i)identifying at least one T-cell epitope
within the amino acid sequence of a diphtheria toxin
of SEQ ID NO 2 or 200, (ii) modifying at least one
ammo acid residue within at least one T-cell epitope
identified m (i), (in) modifying at least one amino
acid residue within the regions selected from the
group consisting of residues 7-9, 29-31, and 290- 292
of SEQ ID NO 2 or 200, wherein said modified
diphtheria toxin exhibits reduced immunogenicity and
reduced bmdmg to endothelial cells compared to an
unmodified toxin, (iv) analyzing the modified amino
acid sequence of the modified diphtheria toxm to
confirm that at least one T-cell epitope or at least
one VLS motif have been modified, and (v) selecting a
modified diphtheria toxm exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin [0033] Provided
herein is a method of making modified diphtheria toxin
exhibiting reduced immunogenicity compared to an
unmodified toxm comprising (i) identifying at least
one T-cell epitope within the ammo acid sequence of a
diphtheria toxm of SEQ ID NO 2 or 200, and (n)
modifymg at least one amino acid residue within at
least one T-cell epitope identified in (i) [0034]
Further provided herein is a method of making a
modified diphtheria toxm exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin comprising (l)
identifying at least one T-cell epitope withm the ammo
acid sequence of a diphtheria toxin of SEQ ID NO 2 or
200, (ii) modifying at least one amino acid residue
within at least one T-cell epitope identified m step
(i), and (in) modifying at least one amino acid
residue within the regions selected from the group
consisting of residues 7-9, 29- 



31, and 290-292 of SEQ ID NO 2 or 200, wherein said
modified diphtheria toxm exhibits reduced
immunogenicity and reduced bmdmg to endothelial cells
compared to an unmodified toxin [0035] Further
provided herein is a method of making a modified
diphtheria toxm exhibiting reduced immunogenicity and
reduced bindmg to endothelial cells compared to an
unmodified toxin comprising (i) identifying at least
one T-cell epitope within the ammo acid sequence of a
diphtheria toxin of SEQ ID NO 2 or 200, (ii) modifying
at least one ammo acid residue within at least one
T-cell epitope identified m (i), (m) modifying at
least one ammo acid residue within the regions
selected from the group consisting of residues 7-9,
29-31, and 290- 292 of SEQ ID NO 2 or 200, (iv)
analyzing the modified ammo acid sequence of the
modified diphtheria toxin to identify whether the
modification of a T-cell epitope created a VLS motif,
and (v) modifying said VLS motif identified in (iv),
wherein said modified diphtheria toxin exhibits
reduced immunogenicity and reduced bmdmg to
endothelial cells compared to an unmodified toxin
[0036] Further provided herein is a method of making a
modified diphtheria toxm exhibiting reduced
immunogenicity and reduced bindmg to endothelial cells
compared to an unmodified toxin comprising (i)
identifying at least one T-cell epitope within the
ammo acid sequence of a diphtheria toxin of SEQ ID NO
2 or 200, (ii) modifying at least one ammo acid
residue within at least one T-cell epitope identified
m (i), (in) modifying at least one amino acid residue
within the regions selected from the group consisting
of residues 7 9, 29-31, and 290- 292 of SEQ ID NO 2 or
200, (iv) analyzing the modified ammo acid sequence of
the modified diphtheria toxin to identify whether the
modification of a VLS motif created a T-cell epitope,
and (v) modifymg said T-cell epitope identified in
(iv), wherein said modified diphtheria toxin exhibits
reduced immunogenicity and reduced bmdmg to
endothelial cells compared to an unmodified toxin
[0037] Provided herein is a method of selecting a
modified diphtheria toxin wherein said modified
diphtheria toxin has lost at least one B-cell epitope
comprising (i) obtaining a serum sample from a subject
immunized with a diphtheria toxm vaccme, wherein said
serum contains antibodies against said diphtheria toxm
vaccine, (ii) contacting said serum with one or more
modified diphtheria toxms wherein binding of said
antibodies to said modified diphtheria toxin forms a
complex, (in) detecting the presence or absence of
said complex, wherein if acomplex is detected, the
modified diphtheria toxin has not lost at least one
B-cell epitope and if a reduced level of complex is
detected, the modified diphtheria toxin has lost at
least one B-cell epitope; and (iv) selecting a
modified diphtheria toxin that has lost at least one
B-cell epitope. [0038] Provided herein are
pharmaceutical compositions comprising a modified
toxin and a pharmaceutically acceptable carrier or
excipient. [0039] Provided herein is a method for
treating malignant diseases and non-malignant diseases
such as GVHD in a mammal comppsing administering a
therapeutically effective amount of a pharmaceutical
composition described herein to said mammal. [0040]
Malignant diseases can be a blood cancer. Malignant
diseases can be a solid tumor Malignant diseases also
can be a metastasis. Exemplary blood cancers include,
but are not limited to, acute myelogenous leukemia,
cutaneous T-cell lymphoma, relapsed/refractory T-cell
non-Hodgkm lymphoma, relapsed/refractory B-cell non-
Hodgkm lymphoma, panniculitic T-cell lymphoma,
extranodal natural killer/T cell lymphoma, nasal type,
chronic lymphocytic leukemia, solid tumor and human
T-cell lymphotrophic virus 1-associated acute T cell
leukemia/lymphoma. Exemplary solid tumors include, but
are not limited to, those of a tissue or organ
selected from among skin, melanoma, lung, pancreas,
breast, ovary, colon, rectum, stomach, thyroid,
laryngeal, prostate, colorectal, head, neck, eye,
mouth, throat, esophagus, chest, bone, testicular,
lymph, marrow, bone, sarcoma, renal, sweat gland,
liver, kidney, brain, gastrointestinal tract,
nasopharynx, genito-urinary tract, muscle, and the
like tissues.. Metastasis include, but are not limited
to, metastatic tumors of any of the solid tumors
described. [0041] Non-malignant diseases include, for
example, GVHD, aGVHD and psoriasis [0042] Provided
herein is a method of enhancing activity of an
anti-cancer agent (e.g , RNA transfected DCs, anti-
CLTA4 antibodies, MISIIR scFvs, etc.), by
administering a DT vapant-IL2 fusion protein described
herein In one embodiment, a DT variant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent. In one non-limiting example,
the DT vapant-IL2 fusion protein is administered at
least four (4) days ppor to the anti-cancer agent
[0043] Also provided herein is a method of treating a
metastatic cancer via reduction or elimination of
Tregs by administering an anti-cancer agent (e.g , RNA
transfected DCs, anti-CLTA4 antibodies, MISIIR scFvs,
etc.) and a DT variant-IL2 fusion protein descpbed
herein. Metastatic tumors mclude, for example,
metastatic renal cell carcinoma, metastatic prostate
cancer, metastatic ovarian cancer and metastatic lung
cancer In one embodiment, a DT vanant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent. In one nonlimiting example, the
DT vapant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent. [0044]
In another aspect, provided herein is a method of
treating a prostate tumor, an ovarian tumor, a lung
tumor or a melanoma via reduction or elimination of
Tregs by administering an anti-cancer agent (e g , RNA
transfected DCs, anti-CLTA4 antibodies, MISIIR scFvs,
etc ) and a DT vapant-IL2 fusion protein described
herein. In one embodiment, a DT vanant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent. In one non-hmitmg example, the
DT vapant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent BRIEF
DESCRIPTION OF THE DRAWINGS [0045] Figure 1. Frequency
of Allotypes in Donor Population. A comparison of the
frequency of donor allotypes expressed in the study
cohort and the world population.[0046] Figure 2. DT
T-cell Epitope Map and Donor Responses CD4+ T-cell
epitope map of DT-I using overlapping peptides tested
against 5 1 healthy donors. The background response
rate (5.6%) is indicated by the red dotted line. Any
peptide inducing responses above this threshold
contains a T- cell epitope (indicated by a + symbol)
[0047] Figure 3. DT T-cell Epitope 1. Epitope 1 was
identified using EpiScreen(tm) T-cell epitope mapping
Three donors responded to peptide 2 (donors 30, 36 and
47). The proposed 9mer binding register for peptide 2
(SEQ ID NO 161) is shown with p i and p9 anchor
residues indicated Peptides 1 and 3 (SEQ ID NOS- 158
and 160) are shown for comparison [0048] Figure 4. DT
T-cell Epitope 2. Epitope 2 was identified using
EpiScreen(tm) T-cell epitope mapping. Four donors
responded to peptide 31 (donors 12, 23, 30 and 36) The
proposed 9mer binding register for peptide 31 (SEQ ID
NO. 162) is shown with p i and p9 anchor residues
indicated. Peptide 32 (SEQ ID NO: 163) is also shown
for comparison. [0049] Figure 5. DT T-cell Epitope 3
Epitope 3 was identified using EpiScreen(tm) T-cell
epitope mapping Three donors responded to peptide 35
(donors 1, 2 and 35). The proposed 9mer binding
register for peptide 35 (SEQ ID NO: 166) is shown with
pi and p9 anchor residues indicated. Peptide 34 (SEQ
ID NO: 165) is shown for comparison. [0050] Figure 6.
DT T-cell Epitope 4. Epitope 4 was identified using
EpiScreen(tm) T-cell epitope mapping. Three donors
responded to peptide 39 (donors 5, 15 and 50). The
proposed 9mer binding register for peptide 39 (SEQ ID
NO: 169) is shown with p i and p9 anchor residues
indicated [0051] Figure 7. DT T-cell Epitope 5.
Epitope 5 was identified using EpiScreen(tm) T-cell
epitope mapping. Six donors responded to peptides 40,
4 1 and 42. The proposed 9mer binding register for
this region (SEQ ID NO: 173) is shown with p i and p9
anchor residues indicated [0052] Figure 8. DT T-cell
Epitope 6. Epitope 6 was identified using
EpiScreen(tm) T-cell epitope mapping. Three donors
(donors 30, 39 and 49) responded to peptide 49 The
proposed 9mer binding register for this region (SEQ ID
NO: 175) is shown with p i and p9 anchor residues
indicated [0053] Figure 9. DT T-cell Epitope 7.
Epitope 7 was identified using EpiScreen(tm) T-cell
epitope mapping. Four donors (donors 1, 15, 30 and 35)
responded to peptides 100 The proposed 9mer binding
register for peptide 100 (SEQ ID NO- 178) is shown
with p i and p9 anchor residues indicated Peptide 99
(SEQ ID NO: 176) is also shown for comparison. [00541
Figure 10. DT T-cell Epitope Map. Position of CD4+
T-cell epitopes withm the sequence of DT-I. T-cell
epitopes identified by T cell epitope mapping are
shown as bars that contain the responding donor
identifiers above the sequence. [0055] Figure 11.
Frequency of Donor Allotype Response to DT Peptides.
Pie chart representation of the frequency (shown as
percentages) of responding donor allotypes compared to
the frequency expressed in the study population. The
analysis was restricted to epitopes that induced a
response in more than 8% of the study cohort, and to
allotypes expressed at frequencies greater than 5% in
the study population. [0056] Figure 12 DT Peptide
Stimulation Indices for Non-adjusted Donoi Data.
Stimulation indices highlighted in bold text indicate
a positive response (SI>2 0, p <0 05) Numbers
highlighted in italicized text indicate a borderline
result (SI>1.9, p<0.05). Donors 13, 20, and 38 were
excluded from the analysis due to very low CPM. [0057]
Figure 13 DT Peptide Stimulation Indices for Adjusted
Donor Data. Stimulation indices highlighted in bold
text indicate a positive response (SI>2.0, p. <0 05)
Numbers highlighted in italicized text indicate a
borderline result (SI>1.9, p<0.05). Donors 13, 20, and
38 were excluded from the analysis due to very low
CPM(0058] Figure 14 Wild-type DR DT (diamonds)
inhibited transcnpti on/translation of T7-luc plasrrud
to a greater extent than the null construct (asterisk)
in an IVTT assay [0059] Figure 15 DT specific
antibodies detected DT bound to the surface of
endothelial cells Binding of a DT variant (DT-Glu52,
CRM mutant) to HUVEC cells and detection by antibodies
using FACS analysis Black bars are results using no
binding agents Diagonal hatching indicates assay
controls using various conditions as described 



Cross-hatching indicates DT variant m the presence of
detection antibodies (DT + Goat pAb anti-DT (Serotec)
+anti-gt-PE) [0060] Figure 16 Binding of ONTAK-A1488
and DT-Glu52-A1488 to HUVEC cells - detection by
antibody by FACS ONTAK(r)-A1488 6 1D P (yellow top
line, diamonds), DT-Glu52 A1488 3 1D P (red middle
line, circles), and DT-Glu52-A1488 2 1 D P (green
bottom line, triangles) [0061] Figure 17 HUVEC cells
were tested for IL-2R expression by FACS it was
confirmed that ONTAK(r)- A1488 is not binding via IL-2
receptors [0062] Figure 18 Illustrates cell membrane
integrity assays using propidium iodide and FACS to
measure loss of integrity of cell membrane after short
incubation with toxins ONTAK(r) (diamonds), DT-Glu52
(squares) and rhlL- 2 (triangles) ONTAK (containing 4
VLS motifs) appears to cause more membrane damage than
either DT-Glu52 (3 VLS motifs) orrhIL-2 ( 1 VLS motif)
[0063] Figure 19 Cytotoxicity assays are utihzed to
confirm activity of DT-IL2 T cell epitope and VLS
variant leads selected in IVTT assays ONTAK(r)
(diamonds), recombinant human IL-2 (rhIL-2, squares)
and control (triangles) illustrate that ONTAK(r) is
cytotoxic [0064] Figure 20 Illustrates ADP
Ribosylation activity of variants relative to
wild-type (WT) Threshold for the assay was 0 5 Bars
marked with "'" or "*" indicate statistically
significant results [0065] Figure 2 1 Illustrates
design of a representative number of epitope variants
[0066] Figure 22 Illustrates ADP Ribosylation activity
of variants relative to wild-type (WT) Threshold for
the assay was 0 5 [0067] Figure 23 Inhibition of in
vitro transcription/translation of target
T7-luciferase plasmid, by wild-type and epitope (Ep)
variants of DT, was measured using the T7-coupled
reticulocyte lysate kit and SteadyGlo
chemiluminescence reagents (Promega) IC 0Swere
determined and value for wild-type DT was divided by
the value for each epitope variant to calculate the
activity ratio plotted (Y axis) Mean values from
replicate experiments (n=3) are shown 1-WT activity 0
5 = threshold of minimum acceptable activity [0068]
Figure 24 Shows the relative activities of epitope
variants of DT382 compared to wild type DT382 in the
inhibition of protein synthesis [0069] Figure 25 Shows
the relative activities of VLS DT variants compared to
wild type DT in the inhibition of protein synthesis
[0070] Figure 26 Shows binding of labeled VLS variants
to HUVEC cells DT389-IL2 is shown as closed diamonds
(), DT382 is shown as closed squares (), DT382(V7N
V29T S292T) is shown as closed triangles (
),DT382(V7N V29T I290N) is shown as an "x," and BSA is
shown as a closed circle () [0071] Figure 27 Provides
IC50 data for modified DT variants compared to
wild-type and a null DT variant. WT is shown as closed
diamonds (), null DT variant is shown as open squares
(a), DT29N is shown as a "+" symbol, S30G is shown as
a closed triangle (  ), and V148A is shown as an
asterisk (*) [0072] Figure 28 The following T-cell map
of DAB398 (DT) was generated using lTope(tm) T cell
epitope prediction software Regions that potentially
contain T cell epitopes are underlined with the
potential p i anchor residues in bold Location of T
cell epitopes identified using ex vivo T cell assays
are highlighted m boxes[0073] Figure 29 Provides the
IC50 data for of quadruple T cell epitope DT variants
[0074) Figure 30 Binding of ONTAK-488, control
DT(DR)-488 and BSA-488 to HUVEC cells - detection by
antibody by FACS ONTAK(r)-488 2 8 1D P (top line, plus
sign "+"), control DT(DR)-488 3 1D P (second top line,
circles ""),BSA-488 7 1 D.P (middle line, asterisks
"*"), BSA-488 5 1D P (second bottom line, "x") and
BSA-488 2 6 1D P (bottom line, triangles "  ") [0075]
Figure 3 1 Provides amino acid sequences of wild type
DT382, DT382 variants, and null construct DT382(G53E)
Underlined sequences are vector/tag sequences,
enterokmase cleavage site highlighted m italicized
text, and mutations from WT sequences are shown in
bold text INCORPORATION BY REFERENCE [0076] All
publications and patent applications mentioned in this
specification are herein incorporated by ieference to
the same extent as if each individual publication or
patent application was specifically and individually
indicated to be incorporated by reference DETAILED
DESCRIPTION OF THE INVENTION [0077] It is to be
understood that this application is not limited to
particular formulations or process parameters, as
these may, of course, vary It is also to be understood
that the terminology used herein is for the purpose of
describing particular embodiments only, and is not
intended to be limiting Further, it is understood that
a number of methods and materials similar or
equivalent to those described herein can be used in
the practice of the present invention(s) In accordance
with the present application, there may be employed
conventional molecular biology, microbiology, and
recombinant DNA techniques within the skill of the art
Such techniques are explained fully in the literature
See, e g , Sambrook et al, "Molecular Cloning A
Laboratory Manual" (1989), "Current Protocols in
Molecular Biology" Volumes I-III [Ausubel, R M , ed
(1994)], "Cell Biology A Laboratory Handbook" Volumes
I-III [J E Cells, ed (1994))], "Current Protocols in
Immunology" Volumes I-III [Coligan, J E , ed (1994)],
"Oligonucleotide Synthesis" (M J Gaited 1984),
"Nucleic Acid Hybridization" [B D Hames & S J Higgms
eds (1985)], "Transcription And Translation" [B.D
Hames & S J Higgins, eds (1984)], "Animal Cell
Culture" [R I Freshney, ed (1986)], "Immobilized Cells
And Enzymes" [IRL Press, (1986)], B Perbal, "A
Practical Guide To Molecular Cloning" (1984), each of
which is specifically incorporated herein by reference
in its entirety I. METHODS OF IDENTIFYING T-CELL
EPITOPES [0078] Recently, techniques exploiting
soluble complexes of recombinant MHC molecules in
combination with synthetic peptides have come into use
[Kern, F et al (1998) Nature Medicine 4 975-978, Kwok,
W W et al (2001) Trends in Immunol 22 583-588] These
reagents and procedures are used to identify the
presence of T-cell clones from peripheral blood
samples from human or experimental animal subjects
that are able to bind particular MHC peptide complexes
and are not adapted for the screening multiple
potential epitopes to a wide diversity of MHC
allotypes [0079] Biological assays of T-cell
activation remain the best practical option to
providing a reading of the ability of a test
peptide/protem sequence to evoke an immune response
Examples of this kmd of approach include the work of
Petra et al using T-cell proliferation assays to the
bacterial protein staphylokinase, followed by epitope
mapping using synthetic peptides to stimulate T-cell
lines [Petra, A M etal (2002) J Immunol 168 155 161]
Similarly, T cell proliferation assays using synthetic
peptides of the tetanus toxin protein have resulted in
definition of immunodominant epitope regions of the
toxm [Reece J C etal (1993) J Immunol 151 6175-6184]
W099/53038discloses an approach whereby T-cell
epitopes in a test protein may be determined using
isolated sub-sets of human immune cells, promoting
their differentiation in vitro and culture of the
cells in the presence of synthetic peptides of
interest and measurement of any induced proliferation
in the cultured T-cells. The same technique is also
described by Stickler et al [Stickler, M M et al
(2000) J Immunotherapy 23 654-660]; where in both
instances the method is applied to the detection of
T-cell epitopes within bacterial subtihsin. Such a
technique requires careful application of cell
isolation techniques and cell culture with multiple
cytokine supplements to obtain the desired immune cell
sub sets (dendritic cells, CD4+ and or CD8+ T-cells)
[0080] Published Application WO 02/069232 describes an
in silico technique to define MHC class II hgands for
multiple proteins of therapeutic interest However, for
reasons such as the requirement for proteolytic
processing and other physiologic steps leading to the
presentation of immunogenic peptides in vivo, it is
clear that a relatively minor sub-set of the entire
repertoire of peptides definable by computer-based
schemes will have ultimate biological relevance. Thus,
ex vivo human T-cell activation assays may be used to
identify the regions withm the protein sequence of a
toxin that are able to support T-cell activation and
are thereby most biologically relevant to the problem
of immunogenicity in this protein. As used herein,
"T-cell epitope" refers to an amino acid sequence
which is able to bind MHC class II, able to stimulate
T-cells and/or also to bind (without necessarily
measurably activating) T-cells in complex with MHC
class II [0081] According to a method disclosed
herein, synthetic peptides are tested for then ability
to evoke a proliferative response m human T-cells
cultured in vitro. The T-cells are present within
peripheral blood mononuclear cell (PBMC) layer readily
obtainable by well known means from whole blood
samples Moreover, the PBMC preparation contains
physiological ratios of T-cells and antigen presenting
cells and is, therefore, a good source of materials
with which to conduct a surrogate immune reaction in
vitro. In the operation of such an assay, a
stimulation index approaching or exceeding 2 0 is a
useful measure of induced proliferation. However, the
stimulation index may be different depending upon the
toxm and may be established with reference to a
baseline for each toxin and corresponding peptide
library. In one example of such testing, the
stimulation index (SI) may be conventionally derived
by division of the proliferation score (e g. counts
per minute of radioactivity if using for example
3H-thymidine incorporation) measured to the test
peptide by the score measured in cells not contacted
with a test peptide. Peptides which evoke no response
may give a SI=I .0 although SI values in the range
0.8-1 .2 may also be unremarkable. A number of
technical procedures can be built into the operation
of such assays in order to ensure confidence in the
recorded scores. Typically all determinations are made
at least m triplicate and the mean score may be
computed Where a computed SI= >2.0, individual scores
of the triplicate can be examined for evidence of
outlying data. Test peptides are contacted with cells
in at least two different concentrations and the
concentrations would typically span a minimum two-fold
concentration difference. Such a concentration range
provides an off-set to the kinetic dimension to the
assay and may be useful where a single time point
determination, for example at plus day 7, is being
conducted In some assays, multiple time course
determinations may be conducted and these too may 



be made using peptide rmmunogen provided at a minimum
of two different concentrations. Similarly the
inclusion of control peptides for which there is
expectation that the majority of PBMC donor samples
will be responsive may be included m each assay plate
The influenza haemagglutinin peptide 307-309, sequence
PKYVKQNTLKLA (SEQ ID NO 201); and the Chlamydia HSP 60
peptide sequence KWDQIKKISKPVQH (SEQ ID NO 202) are
examples of control peptides to be used in such an
assay Alternatively, or in addition, assays could also
use a potent whole protein antigen, such as hemocyanin
from Keyhole Limpet, to which all PBMC samples would
be expected to exhibit an SI significantly greater
than 2.0. Other control antigens for such use will be
well-known in the art[0082] The methods disclosed
herein can provide an epitope map of a toxin where the
map has relevance to a wide spectrum of possible MHC
allotypes. The map may be sufficiently representative
to allow the design or selection of a modified protein
for which the ability of the protein to evoke a T-cell
driven immune response may be eliminated or at least
ameliorated for the majority of patients to whom the
protein is likely to be administered. Amelioration can
refer to a reduction in an immune response (i.e.,
reduced immunogenicity) compared to an unmodified
protein (e.g. about 1.5 fold less, about 2 fold less,
about 5 fold less, about 10 fold less, about 20 fold
less, about 50 fold less, about 100 fold less, about
200 fold less, about 500 fold less or more, or any
range therein). Alternatively, a protein or toxin with
reduced immunogenicity can refer to a percent
reduction in its ability to elicit an immune response
compared to an unmodified protein (e.g. about 1% less,
about 2% less, about 3% less, about 4% less, about 5%
less, about 10% less, about 20% less, about 50% less,
about 100% less, and any range therein). Accordingly
in the practice of the screening process, PBMC derived
T-cells from naive donors are collected from a pool of
donors of sufficient immunological diversity to
provide a sample of at least greater than 90% of the
MHC class II repertoire (HLA-DR) extant in the human
population. Where a naive T-cell response is to be
detected to a given synthetic peptide, the peptide in
practice is contacted with PBMC preparations derived
from multiple donors in isolation; the numbers of
donors (or "donor pool" size), is for practical
purposes not likely to be less than 20 unrelated
individuals and all samples in the donor pool may be
pre-selected according to their MHC class II
haplotype. [0083] As used herein, the term "naive
donor" refers to a subject that has not been
previously exposed to a toxin, either environmentally,
by vaccination, or by other means such as, for
example, blood transfusions. [0084] It is noted that
individuals in certain countries are routinely
vaccinated against toxins or have been exposed to
environmental sources of exogenous toxin and
toxin-like proteins such as, for example, diphtheria
toxin. In such individuals, there is a likelihood of a
recall response as measure by an increased SI score as
described above. [0085] When screening for T-cell
epitopes, T-cells can be provided from a peripheral
blood sample from a multiplicity of different healthy
donors but who have not been in receipt of the protein
therapeutically. If needed, patient blood samples can
be tested for the presence of a particular polypeptide
using conventional assays such as an ELISA which uses
antibodies to identify the presence or absence of one
or more polypeptides. The assay is conducted using
PBMC cultured in vitro using conventional procedures
known in the art and involves contacting the PBMC with
synthetic peptide species representative of the
protein of interest (i.e. a library), and following a
suitable period of incubation, measurement of peptide
induced T cell activation such as cellular
proliferation. Measurement can be by any suitable
means and may, for example, be conducted using
H3-thymidine incorporation whereby the accumulation of
H3 into cellular material is readily measured using
laboratory instruments. The degree of cellular
proliferation for each combination of PBMC sample and
synthetic peptide can be examined relative to that
seen in a non-peptide treated PBMC sample. Reference
may also be made to the proliferative response seen
following treatment with a peptide or peptides for
which there is an expected proliferative effect. In
this regard, it is advantageous to use a peptide with
known broad MHC restriction and especially peptide
epitopes with MHC restriction to the DP or DQ
isotypes, although the invention is not limited to the
use of such restricted peptides. Such peptides have
been described above, for example, with respect to
influenza haemagglutinin and chlamydia HSP60. [0086]
In one non-limiting example, T-cell epitopes for
diphtheria toxin (DT) are mapped and subsequently
modified using the methods described herein. To
facilitate assembly of an epitope map for DT, a
library of synthetic peptides is produced. Each of the
peptides is 15 amino acid residues in length and each
overlapped the next peptide in the series by 12 amino
acid residues; i.e. each successive peptide in the
series incrementally added a further 3 amino acids to
the analysis. In this way, any given adjacent pair of
peptides mapped 18 amino acids of contiguous sequence.
One method for defining a T-cell map for DT using
naive T-cell assays is illustrated in theExample 7
Each of the peptides identified via the method to
define a T-cell map of the toxin are suggested to be
able to bind MHC class II and engage at least one
cognate TCR with sufficient affinity to evoke a
proliferative burst detectable in the assay system II.
METHODS OF MODIFYING TOXINS [0087] The toxin molecules
described herein can be prepared in any of several
ways including the use of recombinant methods The
protein sequences and information provided herein can
be used to deduce a polynucleotide (DNA) encoding an
amino acid sequence This can be achieved for example
using computer software tools such as the DNSstar
software suite [DNAstar Inc, Madison, Wis , USA] or
similar Any such polynucleotide encoding the
polypeptides or significant homologues, variants,
truncations, elongations, or further modifications
thereof, are contemplated herein [0088] Provided
herein are methods of mapping (identifying) T-cell
epitopes of toxms and modifying the epitopes such that
the modified sequence reduces (partially or
completely) induction of a T-helper response
Modification includes amino acid substitutions,
deletions, or insertion made m codons of a
polynucleotide encoding modified polypeptides to
affect similar changes Codons encoding amino acid
residues are well known in the art It is possible to
use recombinant DNA methods to achieve directed
mutagenesis of the target sequences and many such
techniques are available, described herein, and known
in the art such as described above In general, the
technique of site-specific mutagenesis is well known
Briefly, a bacteriophage vector that produces a single
stranded template for oligonucleotide directed PCR
mutagenesis is employed Phage vectors (e g M13) are
commercially available and their use is generally well
known in the art Similarly, double stranded plasmids
are also routinely employed in site directed
mutagenesis, which eliminates the step of transferring
the polynucleotide of interest from a phage to a
plasmid Synthetic oligonucleotide primers bearing the
desired mutated sequence can be used to direct the in
vitro synthesis of modified (desired mutant) DNA from
this template and the heteroduplex DNA is used to
transform competent E coli for the growth selection
and identification of desired clones Alternatively, a
pair of primers can be annealed to two separate
strands of a double stranded vector to simultaneously
synthesize both corresponding complementary strands
with the desired mutation(s) in a PCR reaction [0089]
I one embodiment, the Quick Change site-directed
mutagenesis method using plasmid DNA templates as
described by Sugimoto et al can be employed (Sugimoto
et al , Anna] Biochem , 179(2) 309 311 (1989)) PCR
amplification of the plasmid template containing the
insert target gene of insert is achieved using two
synthetic oligonucleotide primers containing the
desired mutation The oligonucleotide primers, each
complementary to opposite strands of the vector, are
extended during temperature cycling by
mutagenesis-grade PfuTurbo DNA polymerase On
incorporation of the oligonucleotide primers, a
mutated plasmid containing staggered nicks is
generated Amplified un-methylated products are treated
with Dpn I to digest methylated parental DNA template
and select for the newly synthesized DNA containing
mutations Since DNA isolated from most E coli strains
is dam methylated, it is susceptible to Dpn I
digestion, which is specific for methylated and
hemimethylated DNA The reaction products are
transformed into high efficiency strains of E coli to
obtain plasmids containing the desired modifications
Additional methods for introducing ammo acid
modifications into a polypeptide are well known m the
art and can also be used herein [0090] Suitable
modifications to a protein may include amino acid
substitution of particular residues or combinations of
residues For the elimination of T-cell epitopes, amino
acid substitutions are made at appropriate points or
amino acid residues within an amino acid sequence
predicted to achieve reduction or elimination of the
activity of the T-cell epitope In practice, an
appropriate point or amino acid residue will
preferably equate to an amino acid residue binding
within one of the pockets provided within the MHC
class II binding groove Suchmodifications may alter
binding within the first pocket of the cleft at the
so-called "Pl" or "P 1 anchor" position of the peptide
The quality of binding interaction between the P l
anchor residue of the peptide and the first pocket of
the MHC class II binding groove is recognized as being
a major determinant of overall binding affinity for
the whole peptide An appropriate substitution at this
position of the amino acid sequence will generally
incorporate an amino acid residue less readily
accommodated within the pocket (e g , substitution to
a more hydrophilic residue) Amino acid residues in the
peptide at positions equating to binding within other
pocket regions withm the MHC binding cleft are also
considered and fall under the scope of the present
[0091] It is understood that single amino acid
modifications within a given potential T-cell epitope
represent one route by which one or more T cell
epitopes maybe eliminated Combinations of
modifications within a single epitope may be
contemplated and can be appropriate where individually
defined epitopes are in overlap with each other
Moreover, amino acid modifications (either singly
within a given epitope or in combination withm a
single epitope) may be made at positions not equating
to the "pocket residues' with respect to the MHC class
II binding groove, but at any point within the amino
acid sequence Modifications may be made with reference
to a homologous structure or structural method
produced using in silico techniques known m the art
and described herein may be based on known structural
features of the polypeptide A change (modification)
may be contemplated to restore structure or biological
activity of the variant molecule Such compensatory
changes and changes may also include deletion or
addition (insertion) of particular ammo acid residues
from a polypeptide Additionally, modifications can be
made that alter the structure and/or reduce the
biological activity of the molecule and also eliminate
a T-cell epitope, thus reducing the immunogenicity of
the molecule All types of modifications are
contemplated herein [0092] An additional means of
removing epitopes from protein molecules is the
concerted use of a naive T-cell 



activation assay scheme as outlined herein together
with an in sihco tool developed according to the
scheme described in WO 02/069232 which is also
incorporated fully herein by reference The software
simulates the process of antigen presentation at the
level of the polypeptide MHC class II binding
mteraction to provide a binding score for any given
polypeptide sequence Such a score is determined for
many of the predominant MHC class II allotypes extant
in the population As this scheme is able to test any
polypeptide sequence, the consequences of amino acid
substitutions additions or deletions with respect to
the ability of a polypeptide to interact with a MHC
class II binding groove can be predicted Consequently
new sequence compositions can be designed which
contain reduced numbers of amino acids able to
interact with a MHC class II and thereby function as
immmunogenic T-cell epitopes Where the biological
assay using any one given donor sample can assess
binding to a maximum of four DR allotypes, the in
sihco process can test a same polypeptide sequence
using >40 allotypes simultaneously In practice this
approach is able to direct the design of new sequence
variants which are altered in their ability to
interact with multiple MHC allotypes As will be clear
to one in the art, multiple alternative sets of
substitutions could be arrived at which achieve the
objective of removing undesired epitopes The resulting
sequences would however be recognized to be closely
homologous with the specific compositions disclosed
herein and therefore fall withm the scope of the
present application [0093] A combined approach of
using an in sihco tool for the identification of MHC
class II hgands and design of sequence analogues
lacking MHC class II hgands, in concert with epitope
mapping and re-testmg optionally using biologically
based assays of T-cell activation is an additional
method and embodiment of the present application The
general method according to this embodiment comprises
the following steps i) use of naive T-cell activation
assays and synthetic peptides collectively
encompassing the protein sequence of interest to
identify epitope regions capable of activating
T-cells,u) use of a computational scheme simulating
the binding of the peptide ligand with one or more MHC
allotypes to analyze the epitope regions identified in
step (i) and thereby identify MHC class II hgands
withm the epitope region, in) use of a computational
scheme simulating the binding of the peptide ligand
with one or more MHC allotypes to identify sequence
analogues of the MHC ligands encompassed withm the
epitope region(s) which no longer bind MHC class II or
bind with lowered affinity to a lesser number of MHC
allotypes and optionally, iv) use of naive T-cell
activation assays and synthetic peptides encompassing
entirely or in collection encompassing the epitope
regions identified within the protein of interest and
testing the sequence analogues m naive T-cell
activation assay in parallel with the wild-type
(parental) sequences [0094] In one embodiment, a
method of making a modified toxin exhibiting reduced
immunogenicity compared to an unmodified toxin
comprises identifying at least one T-cell epitope
within the amino acid sequence of a toxin and
modifying at least one amino acid residue within at
least one identified T-cell epitope [0095] In another
embodiment, a modified toxin exhibiting reduced
immunogenicity compared to an unmodified toxin is
produced by a process of identifying at least one
T-cell epitope within the amino acid sequence of a
toxin and modifying at least one ammo acid residue
within at least one identified T-cell epitope [0096]
In yet another embodiment, a method of selecting a
modified toxin that exhibits reduced immunogenicity
compared to an unmodified toxin comprises identifying
at least one T-cell epitope within the amino acid
sequence of a toxin, modifying at least one amino acid
residue withm at least one identified T-cell epitope,
and selecting a modified toxin that exhibits reduced
immunogenicity compared to an unmodified toxin DT
T-cell epitopes [0097] Also provided herein are DT
variants having or containing at least one
modification in one or more T-cell epitopes Seven (7)
T-cell epitopes have been identified within DT via the
methods described herein and further described in
Example 9 The seven T-cell epitopes comprise
diphtheria toxin amino acid sequences as set forth m
SEQ IDNOS 181, 184, 187, 190, 193, 196 and 199 As
described herein, SEQ ID NO 181 corresponds to amino
acid residues 1-27 of SEQ IDNO 2 or 200, SEQ ID NO 184
corresponds to amino acid residues 85-117 of SEQ ID NO
2, SEQ ID NO 187 corresponds to amino acid residues
95-127 of SEQ ID NO 2 or 200, SEQ ID NO 190
corresponds to amino acid residues 104 136 of SEQ ID
NO 2 or 200, SEQ ID NO 193 corresponds to amnio acid
residues 112-144 of SEQ ID NO 2 or 200, SEQ ID NO 196
corresponds to amino acid residues 136-168 of SEQ ID
NO 2 or 200, and SEQ ID NO 199 corresponds to ammo
acid residues 286-318 of SEQ IDNO 2 or 200 These
epitopes further comprise core 9 mer amino acid
sequences that are the most favorable binding
registers for MHC class II binding of the epitope
(9-mer binding register) as well as adjacent amino
acid residues While the core 9- mer binding register
is believed to be the primary epitope, residues
located outside of the 9-mer binding register have
been shown to interact with MHC class II molecules and
support the stability of the peptide/MHC class II
complex The core 9-mer binding registers of the seven
identified DT T-cell epitopes have the amino acid
sequences of SEQ ID NOS 161, 164, 167, 169, 173, 175,
and 178 [0098] The T-cell epitopes described herein
can be further characterized by the regions of the
epitope Such regions include the epitope core, the
N-termmus and the C-terminus As used herein "epitope
core" refers to the core 9-mer amino acid sequences of
the T-cell epitopes The epitope core can further
include 0, 1, 2, or 3 amino acid residues adjacent to
the core 9-mer ammo acid sequence on the N-terminus
and/or the C-terminus Thus the epitope core, in
certain embodiments, can range in length from about 9
amino acids up to about 15 amino acids [0099] As used
herein, "N-terminus" refers to the amino acids
adjacent to the N terminus of the epitope core and
includes at least 1, 2, 3, 4, 5, 6, 7, 8 or 9 amino
acids adjacent to and upstream of the N-terminus of
the epitope core[00100] As used herein, "C-terminus"
refers to the amino acids adjacent to the C-terminus
of the epitope core and includes at least 1, 2, 3, 4,
5, 6, 7, 8, or 9 amino acids adjacent to and
downstream of the C-termmus of the epitope core.
[00101] DT T-cell epitope 1 comprises the 9-mer
peptide having the ammo acid sequence set forth as
VDSSKSFVM (SEQ ID NO: 161). As described herein,
elimination of a T-cell epitope can be achieved by
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, or 15 ammo acids of the epitope core and/or
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or more of the
amino acid residues adjacent to the N-terminus and/or
the C-terminus of the epitope core [00102] In one
non-limiting example, provided herein are diphthepa
toxins having one or more amino acid modifications
within the epitope core of DT T-cell epitope 1 having
the ammo acid sequence set forth as SEQ ID NO. 181,
wherein the amino acid modification is by insertion,
deletion, or substitution. The core epitope of DT
Tcell epitope 1 can comprise amino acid residues 7-15,
6-16, 5-17, 4-18 or any combination therein of the
amino acid sequence set forth as SEQ ID NO: 181. Also
provided herein are diphtheria toxins having one or
more amino acid modifications in the N-termmus and/or
the C-termimis of DT T-cell epitope 1 having the amino
acid sequence set for as SEQ ID NO: 181. The
N-terminus of DT T-cell epitope 1 comprises amino acid
residues 1-6, 1-5, 1-4, 1-3 or any combination therein
of the amino acid sequence set forth as SEQ ID NO:
181. The C-termrnus of DT T-cell epitope 1 comprises
the amino acid residues 16-24, 17-25, 18-26, 19-27 or
any combination therein of the ammo acid sequence set
forth as SEQ ID NO: 181. Further provided herein are
modified diphtheria toxins having one or more ammo
acid modifications in the epitope core of SEQ ID NO
181 and within the N-terminus and/or C-terminus of SEQ
ID NO: 181. In one non-limiting example, the Pl valine
residue of the epitope core can be replaced with any
ammo acid residue to modify and/or eliminate the
identified T-cell epitope. In one embodiment, the P l
valine residue of the epitope core can be replaced
with a polar ammo acid residue such that the polar
moiety of the residue is surface exposed on the DT
molecule and the hydrophobic region is buried in order
to modify and/or eliminate the identified T-cell
epitope. Exemplary polar amino acid residues include,
but are not limited to. histidine (H), glycine (G),
lysine (K), serine (S), threonine (T), cysteine (C),
tyrosine (Y), asparagine (N), aspartic acid /aspartate
(D), glutamic acid/glutamate (E), and glutamine (Q).
One would understand that these modifications could be
applied to the other epitopes described below. [00103]
DT T-cell epitope 2 comprises the 9-mer peptide having
the amino acid sequence set forth as VDNAETIKK (SEQ ID
NO: 164). Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9
ammo acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the amino acid
residues of the N-termmus and/or the C-terminus. In
one non-limiting example, provided herein are
diphthepa toxins having one or more amino acid
modifications withm the epitope core of SEQ ID NO:
184, wherein the ammo acid modification is by
insertion, deletion, or substitution The core epitope
of DT T-cell epitope 2 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO 184. Also provided herein are diphtheria toxms
having one or more amino acid modifications within the
N-terminus and/or the C-termmus of DT T-cell epitope 2
having the ammo acid sequence set forth in SEQ ID NO-
184 The N-termmus of DT T-cell epitope 2 comprises
ammo acid residues 1-9, 2-10, 3-1 1, 4-12 or any
combination therein of the amino acid sequence set
forth as SEQ ID NO- 184. The C-terminus of DT T-cell
epitope 2 comprises the amino acid residues 22-30,
23-31, 24-32, 25-33 or any combination therein of the
ammo acid sequence set forth as SEQ ID NO 184. Further
provided herein are modified diphtheria toxms having
one or more amino acid modifications in the epitope
core and within the N-terminus and/or the C-termimis
of SEQ ID NO. 184In one non-limiting example, the P1
valine residue of the core 9-mer can be replaced with
any amino acid residue to modify and/or eliminate the
identified T-cell epitope. [00104] DT T-cell epitope 3
comprises the 9-mer peptide having the amino acid
sequence set forth as LGLSLTEPL (SEQ ID NO: 167).
Elimination of this T-cell epitope can be achieved by
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9 amino acids
of the epitope core and/or modifying 0, 1, 2, 3, 4, 5,
6, 7, 8, 9 or more of the amino acid residues m the
N-terminus and/or the C-terminus. In one non-limiting
example, provided herein are diphtheria toxms having
one or more amino acid modifications within the
epitope core of SEQ H) NO: 187, wherein the amino acid
modification is by insertion, deletion, or
substitution. The core epitope of DT T-cell epitope 3
can comprise amino acid residues 13- 21, 12-22, 11-23,
10-24 or any combination therein of the amino acid
sequence set forth as SEQ ID NO: 187. Also 



provided herein are diphtheria toxins having one or
more amino acid modifications within the N-terminus
and/or the C-terminus of DT T-cell epitope 3 having
the amino acid sequence set forth in SEQ ID NO: 187.
The N-terminus of DT T-cell epitope 3 comprises amino
acid residues 1-9, 2-10, 3-11, 4-12 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 187. The C-terminus of DT T-cell epitope 3
comprises the amino acid residues 22-30, 23-31, 24-32,
25-33 or any combination therein of the amino acid
sequence set forth as SEQ ID NO: 187. Further provided
herein are modified diphtheria toxins having one or
more ammo acid modifications in the epitope core and
within the N-terminus and/or the C-terminus of SEQ ID
NO: 187. In one non-limiting example, the P l lysine
residue of the core 9-mer can be replaced with a polar
amino acid residue such that the polar moiety of the
residue is surface exposed on the DT molecule and the
hydrophobic region is buried in order to modify and/or
eliminate the identified T-cell epitope. In yet
another non-limiting example, the P6 threonine and/or
the P7 glutamic acid positions of the core 9-mer can
be substituted with any amino acid to modify and/or
eliminate the identified Tcell epitope. [00105] DT
T-cell epitope 4 comprises the 9-mer peptide having
the amino acid sequence set forth as MEQVGTEEF (SEQ ID
NO: 169) Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9
amino acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the amino acid
residues in the N-terminus and/or the C-terminus. In
one non-limiting example, provided herein are
diphtheria toxins having one or more amino acid
modifications within the epitope core of SEQ ID NO:
190, wherein the amino acid modification is by
insertion, deletion, or substitution The core epitope
of DT T-cell epitope 4 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO. 190. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
4 having the amino acid sequence set forth in SEQ ID
NO: 190. The N-terminus of DT T-cell epitope 4
comprises amino acid residues 1-9, 2-10, 3-1 1, 4-12
or any combination therein of the ammo acid sequence
set forth as SEQ ID NO: 190. The C-terminus of DT
T-cell epitope 4 comprises the ammo acid residues
22-30, 23-31, 24-32, 25-33 or any combination therein
of the amino acid sequence set forth as SEQ ID NO.
190. Further provided herein are modified diphtheria
toxins having one or more amino acid modifications in
the epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO: 190. In one non-hmitmg
example, the P6 threonine and/or P7 glutamic acid
residues of the core 9-mer can be replaced with any
amino acid to modify and/or eliminate the identified
T-cell epitope. [00106] DT T-cell epitope 5 comprises
the 9-mer peptide having the amino acid sequence set
forth as FIKRFGDGA (SEQ ID NO: 173). Elimination of
the T-cell epitope can be achieved by modifying 0, 1,
2, 3, 4, 5, 6, 7, 8 or 9 amino acids of the epitope
core and/or modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or
more of the amino acid residues on the N-terminus
and/or the C-terminus. In one non-limiting example,
provided herein are diphtheria toxins having one or
more amino acid modifications within the epitope core
of SEQ ID NO: 193, wherein the amino acid modification
isby insertion, deletion, or substitution. The core
epitope of DT T-cell epitope 5 can comprise amino acid
residues 13- 21, 12-22, 11-23, 10-24 or any
combination therein of the amino acid sequence set
forth as SEQ ID NO: 193. Also provided herein are
diphtheria toxins having one or more amino acid
modifications within the N-terminus and/or the
C-terminus of DT T-cell epitope 5 having the amino
acid sequence set forth in SEQ ID NO: 193. The
N-terminus of DT T-cell epitope 5 comprises amino acid
residues 1-9, 2-10, 3-11, 4-12 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 193. The C-terminus of DT T-cell epitope 5
comprises the amino acid residues 22-30, 23-31, 24-32,
25-33 or any combination therein of the amino acid
sequence set forth as SEQ ID NO: 193. Further provided
herein are modified diphtheria toxins having one or
more amino acid modifications in the epitope core and
within the N-terminus and/or the C-terminus of SEQ ID
NO: 193. In one non-limiting example, the P4 arginine
residue, P6 glycine residue, P7 aspartic acid residue,
and/or P9 alanine residue of the core 9-mer, or any
combination therein, can be replaced to modify and/or
eliminate the identified T-cell epitope. [00107] DT
T-cell epitope 6 comprises the 9-mer peptide having
the amino acid sequence set forth as VEYINNWEQ (SEQ ID
NO: 175). Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9
amino acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the amino acid
residues in the N-terminus and/or the C-terminus. In
one non-limiting example, provided herein are
diphtheria toxins having one or more amino acid
modifications within the epitope core of SEQ ID NO:
196, wherein the amino acid modification is by
insertion, deletion, or substitution. The core epitope
of DT T-cell epitope 6 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 196. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
6 having the amino acid sequence set forth in SEQ ID
NO: 196. The N-terminus of DT T-cell epitope 6
comprises amino acid residues 1-9, 2-10, 3-1 1, 4-12
or any combination therein of the amino acid sequence
set forth as SEQ ID NO: 196. The C-terminus of DT
T-cell epitope 6 comprises the amino acid residues
22-30, 23-31, 24-32, 25-33 or any combination therein
of the amino acid sequence set forth as SEQ ID NO:
196. Further provided herein are modified diphtheria
toxins having one or more amino acid modifications in
the epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO: 196. In one non-limiting
example, the P l valine of the core 9-mer can be
replaced with polar amino acid residues such that the
hydrophilic moiety is surface exposed and the
hydrophobic region is buried within the protein to
modify and/or eliminate the identified T-cell epitope.
[00108] DT T-celi epitope 7 comprises the 9-mer
peptide having the amino acid sequence set forth as
LEKTTAALS (SEQ ID NO: 178). Elimination of this T-cell
epitope can be achieved by modifying 0, 1, 2, 3, 4, 5,
6, 7, 8, or 9 amino acids of the epitope core and/or
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or more of the
amino acid residues in the N-terminus and/or the
C-terminus. In one non-limiting example, provided
herein are diphtheria toxins having one or more amino
acid modifications within the epitope core of SEQ ID
NO: 199, wherein the amino acid modification is by
insertion, deletion, or substitution. The core epitope
of DT T-cell epitope 7 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 199. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
7 having the amino acid sequence set forth in SEQ ID
NO: 199. The N-terminus of DT T-cell epitope 7
comprises amino acid residues 1-9, 2-10, 3-1 1, 4-12
or any combination therein of the amino acid sequence
set forth as SEQ ID NO: 199. The C-terminus of DT
T-cell epitope 7 comprises the amino acid residues
22-30, 23-31, 24-32, 25-33 or any combination therein
of the amino acid sequence set forth as SEQ ID NO:
199. Further provided herein are modified diphtheria
toxins having one or more amino acid modifications in
the epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO: 199.In one embodiment, the Pl
leucine of the core 9-mer can be replaced with any
amino acid to modify and/or eliminate the identified
T-cell epitope. [00109] In one embodiment, a modified
diphtheria toxin of contains one or more modifications
selected from among V7S, V7T, D8E, S9A, S9T, V29S,
V29T, V29N, V29D, D30E, S31N, I290T, D291E, S292A,
S292T, V97A, V97T, V97D, L107N, Ml 16A, Ml 16Q, Ml
16N, F124H, V148A, V148T, L298A, and L298N. [00110] In
one embodiment, a modified diphtheria toxm contains
two modifications selected from among V7N, V7T, V29N,
V29T, and V29D. Modifications include, but are not
limited to, V7N V29N, V7N V29T, V7N V29D, V7T V29N,
V7T V29T or V7T V29D. [00111] In one embodiment, a
modified diphtheria toxm contains three modifications
selected from among V7D, V7N, V7T, L107A, L107N, and
F124H. Modifications include, but are not limited to,
V7D L107A F124H, V7D L107NF124H, V7NL107AF124H,
V7NL107NF124H, V7TL107AF124H, and V7TL107NF124H.
[00112] In one embodiment, a DT variant contains four
modifications such as, for example, V7D V97D L107N
F124H, V7N V97D L107N F124H, V7T V97A L107N F124H, V7T
V97D L107N F124H, V7T V97T L107N F124H, V7D V97A L107N
F124H, V7D V97T L107N F124H, V7N V97A L107N F124H, and
V7N V97T L107N F124H. [00113] In addition to the
aforementioned examples and embodiments, modified
diphtheria toxins with one or more amino acid
modifications in one or more T-cell epitopes are
contemplated herein. In one non-limitmg example,
provided herein are diphtheria toxins having at least
one modification in at least one T-cell epitope. In
another nonlimitmg example, provided herein is a
diphtheria toxin having at least one amino acid
modification in 1, 2, 3, 4, 5, 6, or 7of the T-cell
epitopes described above. Additional non-limitmg
examples include diphtheria toxins having more than
one amino acid modification in more than one T-cell
epitope. Any combination of the amino acid
modifications in any number of the DT T-cell epitopes
described above are contemplated herein. DT T-cell
epitopes and allotype frequency [00114] Individual
epitopes found within antigens can be preferentially
presented by specific MHC class II allotypes, and
similarly other specific epitopes within the same
antigen may not be presented on MHC class II molecules
at all. Such associations of particular epitopes with
specific MCH class II molecules have been shown to
depend upon the MHC class II allotype of the
individual. The association of a specific epitope with
a specific allotype can also be considered when
modifying DT for the removal of T-cell epitopes. Such
considerations can allow for the highly specific
modification of a DT molecule for specific allotypes
(e.g. for specific populations of subjects having
certain MHC class II allotypes). The MHC class II
allotype of a subject or subjects can be easily
determined by genotyping methods known in the art, and
the association of DT T-cell epitopes with the given
allotype thus easily identified, for consideration in
modification of a toxin tailored to that allotype.
Identification of associations between DT T-cell
epitopes and MHC class II allotypes are shown in
Example 9, Table 5, and Figure 12. Contemplated herein
are modified toxins that have T-cell epitope
modifications tailored to the MHC class II
associations identified for the given epitopes of the
toxin [00115] Based on the teachings of the present
specification, one can apply these methods to other
toxins described 



herein. For example amino acid sequences of toxins
which have been analyzed with respect to MHC
associations and T-cell epitopes can be readily used.
In addition, toxins which have not been analyzed with
respect to MHC associations can also be analyzed and
tested using the methods described throughout the
specification and m the examples below.III. B-CELL
EPITOPE SCREEN [00116] In addition to the
identification and modification of T-cell epitopes as
disclosed herein, the identification and modification
of B-cell epitopes can further reduce the
immunogenicity of a toxin Serological methods, in
sihco methods, or a combination of both methods can be
used to identify B-cell epitopes within a toxin or
modified toxin Serological methods employ the ability
of a subject to generate antibodies to immunogenic
molecules, including proteins, peptides, and
polypeptides When a toxin or modified toxin is one
that has been previously administered to a population,
such as for vaccination, the antibody response
generated m the subjects can be used to screen toxins
or modified toxins for B-cell epitopes In one
non-limiting example, a toxm (e g , diphtheria toxm)
that has had its Tcell epitopes modified as disclosed
herein can be further screened to identify B-cell
epitopes A peptide library based upon the sequence of
the modified toxin can be synthesized, and sera from
toxm-vaccinated donors that contain antibodies against
the toxin can be tested for the ability to bind to the
peptides of the peptide library Various techniques and
assays including, but not limited to, ELISA, RIA, and
Western blotting are well known in the art and can be
used to identify one or more peptides which bind to
antibodies from the sera of toxm-vaccinated donors
Those one or more peptides which bind antibodies in
the donor sera represent B-cell epitopes withm the
toxm sequence Following the identification of modified
toxm B-cell epitopes, amino acid residues that
correspond to the B-cell epitopes can be modified, and
the modified toxm re-screened against donor sera This
process can be performed multiple times to further
reduce the immunogenicity of the modified toxm As
noted for the identification of T-cell epitopes
herein, in sihco methods which utilize known B-cell
epitope databases and predictive protein modeling
programs can be employed to identify B-cell epitopes
within a toxin or modified toxm Once such epitopes are
identified and modified via the in sihco methods, the
modified toxin can be screened against vaccinated
donor sera as described herein The in sihco B-cell
epitope screening methods can be used alone or in
combination with the peptide library B-cell epitope
screen for identification and modification of B-cell
epitopes within the toxm Optionally, the modified toxm
can be screened prior to, and or subsequently to, B
cell epitope screening Also contemplated herein is
screening a B-cell epitope modified toxm for the
presence of any T-cell epitopes that may be been
generated during B-cell epitope modification [00117]
Application of the invention described herein mcludes
a method of selecting a modified toxm wherein said
modified toxin has lost at least one B-cell epitope
comppsing obtaining a serum sample from at least one
subject immunized with a toxin, wherein said serum
contains antibodies against said toxin, contacting
said serum with one or more modified toxins wherein
binding of said antibodies to said modified toxm forms
a complex, detecting the presence or absence of said
complex, wherein if a complex is detected, the
modified toxm has not lost at least one B-cell epitope
and if a reduced level of complex is detected, the
modified toxin has lost at least one B-cell epitope,
and selectmg a modified toxin that has lost at least
one B-cell epitope In one non-hrmting embodiment, a
reduced level of complex can be, for example, about 1
5-fold less, about 2-fold less, about 5-fold less,
about 10-fold less, about 20-fold less, about 50-fold
less, about 100-fold less, about 200-fold less, or
about 500-fold less than that observed with an
unmodified toxin IV. VASCULAR LEAK SYNDROME [00118]
Cell damage, particularly endothelial cell damage,
whether produced by toxms, such as from snake bites or
molecules causing septic shock, or therapeutic agents,
such as lmmunotoxms or interleukins, remains a problem
for patients [00119] VLS is often observed during
bacterial sepsis and may involve IL-2 and a variety of
other cytokines (Baluna and Vitetta,
Immunopharmacology, 37 117-132, 1996) The mechanisms
underlying VLS are unclear and are likely to involve a
cascade of events which are initiated in endothelial
cells (ECs) and involve inflammatorycascades and
cytokines (Engert et al., In: Clinical Applications of
Immunotoxins, Frankcl (ed ), 2:13-33, 1997). VLS has a
complex etiology involving damage to vascular
endothelial cells (ECs) and extravasation of fluids
and proteins resulting m interstitial edema, weight
gain and, in its most severe form, kidney damage,
aphasia, and pulmonary edema (Sausville and Vitetta,
In. Monoclonal Antibody-Based Therapy of Cancer,
Grossbard (ed.), 4:81-89, 1997; Baluna and Vitetta,
Immunopharmacology, 37. 117-132, 1996; Engert et al.,
In: Clinical Applications of Immunotoxins, Frankel
(ed), 2:13-33, 1997) Vascular leak syndrome (VLS) has
been a major problem with all immunotoxins thus far
tested in humans, as well as cytokines such as
interleukm 2 (IL-2), TNF and adenovirus vectors
(Rosenberg et al., N. Engl. J. Med , 316:889-897,
1987; Rosenstem et al., J. Immunol , 137:1735-1742,
1986). [00120] Antibody-conjugated peptides from pcin
toxin A chain containing a modified sequence at
residues L74, D75, V76, exhibited reduced (Vitetta et
al U.S. Patent No. 6,566,500). Thus, it is
contemplated that one or more amino acid deletion(s)
or mutation(s) of the (x)D/E(y) sequence(s), and/or
one or more flanking residues of a toxin, such as for
example, diphtheria toxin, may reduce or prevent the
ability of toxm molecules comprising these sequences
to induce EC damage. It is expected that one or more
polypeptides comprising at least one mutated motif
and/or one ore more flanking residues can be created
that reduce or eliminate the EC damaging activity of
such agents. [00121 J Descpbed herein below are
compositions with reduced VLS promoting abilities
based upon mutations in the (x)D/E(y) or (x)D/E(y)T
sequences withm polypeptides, which remove or alter
such sequences, respectively, and their methods of
use. Thus, it will be understood that all methods
described herein for producing polypeptides with
reduced VLS promoting ability will be applied to
produce polypeptides with reduced EC damaging
activity. All such methods, and compositions
identified or produced by such methods as well as
equivalents thereof, are encompassed by the present
invention. [00122] In certain aspects, the application
provides the use of a modified toxm composition that
has at least one amino acid of a sequence comppsmg
(x)D/E(y) and/or (x)D/E(y)T removed or altered,
relative to the sequence of an unmodified toxm
composition, for the manufacture of a medicament for
the treatment of a disease, including but not limited
to malignant diseases such as, for example cutaneous
T-cell lymphoma, relapsed/refractory T-cell non-
Hodgkm lymphoma, relapsed/refractory B-cell
non-Hodgkin lymphoma, pannicuhtic T-cell lymphoma,
extranodal natural killer/T cell lymphoma, nasal type,
chronic lymphocytic leukemia, and human T-cell
lymphotrophic virus 1- associated acute T cell
leukemia/lymphoma; non-malignant diseases such as, for
example, graft versus host disease and psoriasis and
damage to endothelial cells (i e , VLS) during the
progression of such diseases. [00123] Reduction or
elimination of Vascular Leak Syndrome (VLS) as a side
effect would represent a significant advancement as it
would improve the "risk benefit ratio" of protein
therapeutics, and in particular, the immunotoxin and
fusion toxin subclasses of protein therapeutics
(Baluna et al , Int. J. Immunopharmacology, 18(6-7)
355-361 (1996), Baluna et al., Immunopharmacology,
37(No. 2-3) 117-132 (1997), Bascon,
Immunopharmacology, 39(3): 255 (1998). The ability to
develop fusion proteins, single chain molecules
comprised of a cytotoxin and unique targeting domain
(cell binding domains in the case of immunotoxins)
could facilitate the development of the therapeutic
agents for autoimmune diseases, such as rheumatoid
arthritis and psoriasis transplant rejection and other
non-mahgnant medical indications. (Chaudhary et al.,
Proc. Natl. Acad. Sci USA, 87(23).949 1-9494 (1990),
Frankel et al , in Clinical Applications of
Immunotoxins Scientific Publishing Services,
Charleston S C , (1997), Knechtle et al ,
Transplantation, 15(63):l-6 (1997); Knechtle et al.,
Surgery, 124(2) 438-446 (1998); LeMaistre, CIm.
Lymphoma, 1.S37-40 (2000); Martm et al., J. Am. Acad
Dermatol , 45(6)-871-881, 2001)) DAB389IL-2 (ONTAK(r))
is currently the only FDA approved protein fusion toxm
and employs a DT toxophore and the cytokineIL-2 to
target IL-2 receptor bearing cells and is approved for
the treatment of cutaneous T-cell lymphoma (CTCL)
(Figgitt et al., Am. J . Clin. Dermatol., l(l):67-72
(2000); Foss, Clin. Lymphoma, l(4):298-302 (2001);
Murphy et al., In Bacterial Toxins: Methods and
Protocols, Hoist O, ed, Humana Press, Totowa, N.J.,
pp. 89-100 (2000)). ONTAK(r) is variously referred to
as denileukin diftitox, DAB389-IL-2, or Onzar. Its
structure is comprised of, in order, a methionine
residue, residues 1-386 of native DT, residues 484-485
of native DT, and residues 2-133 of IL-2 (SEQ ID NO:
148). Hence, full length ONTAK(r) contains 521 amino
acids. It should be noted that, as a result of the
methionine residue added at the N terminus of
ONTAK(r), numbering in the sequence of diphtheria is
out of register with that of ONTAK(r) by one. [00124]
A number of other toxophores, most notably ricin toxin
and pseudomonas exotoxin A, have been employed in
developing both immunotoxins, fusion toxins and
chemical conjugates; however, these molecules have not
successfully completed clinical trials and all exhibit
VLS as a pronounced side effect (Kreitman, Adv.
Pharmacol., 28:193-219 (1994); Puri et al., Cancer
Research, 6 1:5660-5662 (1996); Pastan, Biochim
Biophys Acta., 24:1333(2):Cl-6 (1997); Frankel et al.,
Supra (1997); Kreitman et al., Current Opin. Invest.
Drugs, 2(9): 1282-1293 (2001)). Thus, the
modifications described herein for diphtheria toxin
can be extrapolated to other toxins such as, for
example, ricin and pseudomonas exotoxin A. [00125] In
certain embodiments, toxins or compounds modified
based on one or more of the (x)D(y) and/or (x)D(y)T
motifs or its flanking sequences can be used to
inhibit VLS in vivo. Thus, it is contemplated that
such mutations that affects the (x)D(y) sequence or
flanking sequence can alter the ability of a
polypeptide to induce VLS or other abilities
associated with these sequences. In one non-limiting
example, diphtheria toxin is modified to inhibit VLS
in vivo. [00126] In order to produce toxins or
compounds that have a reduced ability to induce VLS,
it is contemplated that one or more (up to, and
including all) remaining (x)D(y) and/or (x)D(y)T
sequences have a reduced exposure to the surface of
the polypeptide. For example, it is contemplated that
(x)D(y) and/or (x)D(y)T sequences that are at least
partly located in the non-exposed portions of a
polypeptide, or otherwise masked from full or partial
exposure to the 



surface of the molecule, would interact less with
cells, receptors or other molecules to promote or
induce VLS. Thus, the complete elimination of (x)D(y)
and/or (x)D(y)T sequences from the primary structure
of the polypeptide may not be necessary to produce
toxins or molecules with a reduced ability to induce
or promote VLS. However, removal of all (x)D(y) and/or
(x)D(y)T sequences is contemplated to produce a
composition that has the least ability to induce or
promote VLS. [00127] To determine whether a mutation
would likely produce a polypeptide with a less exposed
(x)D(y) and/or (x)D(y)T motif, the putative location
of the moved or added (x)D(y) and/or (x)D(y)T sequence
can be determined by comparison of the mutated
sequence to that of the unmutated polypeptide's
secondary and tertiary structure, as determined by
such methods known to those of ordinary skill in the
art including, but not limited to, X-ray
crystallography, NMR or computer modeling. Computer
models of various polypeptide structures are also
available in the literature or computer databases. In
a non-limiting example, the Entrez database website
(ncbi.nlm.nih.gov/Entrez/) can be used to identify
target sequences and regions for mutagenesis. The
Entrez database is cross-linked to a database of 3-D
structures for the identified amino acid sequence, if
known. Such molecular models can be used to identify
(x)D(y), (x)D(y)T and/or flanking sequences in
polypeptides that are more exposed to contact with
external molecules, than similar sequences embedded in
the interior of the polypeptide. (x)D(y), (x)D(y)T
and/or flanking sequences that are more exposed to
contact with external molecules are more likely to
contribute to promoting or reducing VLS and other
toxic effects associated with these sequences and,
thus, should be primary targets for mutagenesis. The
mutated or wild-type polypeptide's structure could be
determined byX-ray crystallography or NMR dncctly
before use in in vitro or in vivo assays, as would be
known to one of ordinary skill in the art [00128] Once
an amino acid sequence comprising a (x)D(y) and/or
(x)D(y)T sequence is altered in a polypeptide, changes
in its ability to induce or promote at least one toxic
effect can be assayed using any of the techniques
described herein or as known to one of ordinary skill
m the art [00129] As used herein, "alter," "altered,"
"altering," and "alteration" of an amino acid sequence
comprising a (x)D(y) sequence or a (x)D(y)T sequence
can include chemical modification of an amino acid
sequence comprising a (x)D(y) and/or a (x)D(y)T
sequence in a polypeptide as known to those of
ordinary skill m the art, as well as any mutation of
such an amino acid sequence including, but not limited
to, insertions, deletions, truncations or
substitutions Such changes can alter or modify
(reduce) at least one toxic effect (i e , the ability
to promote VLS, EC damage, etc ) of one or more amino
acid sequence(s) comprising a (x)D(y) and/or (x)D(y)T
sequences As used herein an amino acid sequence
comprising a (x)D(y) sequence or a (x)D(y)T sequence
can contain at least one flanking sequence C- and/or
N-termmal to a (x)D(y) and/or a (x)D(y)T tri- or
quatra-peptide sequence Such an "alteration" can be
made in synthesized polypeptides or in nucleic acid
sequences that are expressed to produce mutated
polypeptides [00130] In one aspect, the alteration of
an ammo acid sequence containing a (x)D(y) and/or a
(x)D(y)T sequence is by removal of the amino acid
sequence As used herein, "remove", "removed",
"removing" or "removal" of an amino acid sequence
containing a (x)D(y) and/or a (x)D(y)T sequence refers
to a mutation in the primary ammo acid sequence that
eliminates the presence of the (x)D(y) and/or a
(x)D(y)T tri- or quatra-peptide sequence, and/or at
least one native flanking sequence The terms "removed"
or "lacks" are used interchangeably [00131] One aspect
of the present application relates to genetically
modified polypeptides of diphtheria toxin (DT) having
reduced binding to human vascular endothelial cells
(HUVECs) These modified polypeptides are hereinafter
referred to as modified DTs, modified DT polypeptides
or DT variants The present application provides for
modified DT having one or more changes within the
(x)D(y) motifs of the DT polypeptide, i e , at
residues 6-8 (VDS), residues 28-30 (VDS), and residues
289-291 (IDS) of the native DT sequence (SEQ ID NO.
1), or at residues 7-9 (VDS), residues 29-31 (VDS),
and residues 290-292 (IDS) of SEQ ID NO 2 or 200 Since
the (x)D(y) motifs are referred to as "VLS motifs,"
the modified DT polypeptides with one or more modified
(x)D(y) motifs can be referred to as "VLS-modified DT
polypeptides " [00132] One aspect of the present
application relates to genetically modified
polypeptides of toxins (e g diphtheria toxin (DT))
having reduced binding to human vascular endothelial
cells (HUVECs) These modified toxins are hereinafter
referred to as modified toxins The present application
provides for modified toxins having one or more
changes within the (x)D/E(y) motifs of the toxin
polypeptide For example, (x)D/E(y) motifs found withm
DT occur at residues 6-8 (VDS), residues 28-30 (VDS),
and residues 289-291 (IDS) of the native DT sequence
(SEQ ID NO 1), or at residues 7-9 (VDS), residues 29-3
1 (VDS), and residues 290-292 (IDS) of SEQ ID NO 2 or
200 Since the (x)D/E(y) motifs are referred to as "VLS
motifs," the modified toxin polypeptides with one or
more modified (x)D/E(y) motifs are sometimes referred
to as "VLS-modified toxin polypeptides " [00133] With
the identification of the (x)D/E(y) and the (x)D/E(y)T
motifs as inducing VLS, mducing apoptosis, and other
effects, it is possible that the creation of a new
family of molecules of VLS inhibitors will allow these
molecules to exert maximal beneficial effects For
example, a reduced toxicity of toxm therapeutic agents
using the compositions and methods disclosed herein
may allow larger patient population to be treated or
more advanced disease to be treated (e g , cancer) In
certain embodiments, modified proteins or fusion
proteins based on the (x)D/E(y) and/or (x)D/E(y)T
motif or its flanking sequences may be used to inhibit
VLS or other activities in vivo.[00134] To produce
peptides, polypeptides or proteins that lack the
(x)D/E(y) and/or (x)D/E(y)T sequence, one could delete
or mutate the conserved aspartic acid (D) or the
conserved glutamic acid (E), substitute another amino
acid for the aspartic acid or the glutamic acid, or
insert one or more ammo acids at or adjacent to its
position Modifications contemplated herein include a
substitution of the (D) or (E) residue in the sequence
with an ammo acid residue selected from among alanine
(A), Glutamic acid (E), Serme (S), isoleucme (I),
valine (V), leucine (L), phenylalanine (F), cysteine
(C), methionine (M), glycine (G), threonine (T),
tryptophan (W), tyrosine (Y), proline (P), histidine
(H), glutamine (Q), asparagme (N), lysine (K), argimne
(R) and a modified or unusual amino acid from Table 1,
as a consequence of a deletion or mutation event
[00135] Alternatively, to produce peptides,
polypeptides or proteins that lack the (x)D(y) and/or
(x)D(y)T sequence, one could delete or mutate the
conserved aspartic acid (D), substitute another amino
acid for the aspartic acid, or insert one or more
amino acids at or adjacent to its position
Modifications contemplated herein include a
substitution of the (D) residue in the sequence by an
amino acid residue selected from among isoleucme (1),
valine (V), leucine (L), phenylalanine (F), cysteine
(C), methionine (M), alanine (A), glycine (G),
threonine (T), tryptophan (W), tyrosine (Y), proline
(P), histidine (H), glutamine (Q), asparagme (N),
lysine (K), arginme (R) and a modified or unusual
amino acid from Table 1, as a consequence of a
deletion or mutation event Table 1 [00136] In one
embodiment, the (x) residue could be deleted,
substituted, or moved by the insertion of one or more
amino acids, to remove the (x)D/E(y) and/or (x)D/E(y)T
sequence Modifications contemplated herein include a
substitution of the (x) residue in the sequence an
amino acid residue selected from among phenylalanine
(F), cysteine (C), methionine (M), threonine (T),
tryptophan (W), tyrosine (Y), proline (P), histidine
(H), glutamic acid (E), glutamine (Q), aspartic acid
(D), asparagme (N), lysine (K), arginme (R), glycine
(G), serme (S), alanine (A), leucine (L), and a
modified or unusual amino acid from Table 1 as a
consequence of the deletion or mutation event [00137]
Alternatively, the (x) residue could be deleted,
substituted, or moved by the insertion of one or more
ammo acids, to remove the (x)D(y) and/or (x)D(y)T
sequence Modifications contemplated herein include a
substitution ofthe (x) residue in the sequence by an
amino acid residue selected from among phenylalanine
(F), cysteine (C), methionine (M), threonine (T),
tryptophan (W), tyrosine (Y), proline (P), histidine
(H), glutamic acid (E), glutamine (Q), aspartic acid
(D), asparagme (N), lysine (K), arginine (R) and a
modified or unusual amino acid from Table 1 as a
consequence of the deletion or mutation event. For
example, a V or I amino acid residue as described is
replaced with any of such amino acid residues. [00138]
In one embodiment, the (y) residue could be deleted,
substituted, or moved by the insertion of one or more
ammo acids, to remove the (x)D/E(y) and/or (x)D/E(y)T
sequence An amino acid that may replace the (y)
residue in the sequence as a consequence of the
deletion or mutation event is, for example, isoleucine
(I); phenylalanine (F); cysteine/cystine (C);
methionine (M); alanine (A); glycine (G); threonine
(T); tryptophan (W); tyrosine (Y); proline (P);
histidine (H); glutamic acid (E); glutamine (Q);
aspartic acid (D); asparagme (N); lysine (K); and
arginme (R), leucine (L), valine (V), senne (S), and
including, but not limited to, those shown at Table 1.
[00139] Alternatively, the (y) residue could be
deleted, substituted, or moved by the insertion of one
or more ammo acids, to remove the (x)D(y) and/or
(x)D(y)T sequence An amino acid that may replace the
(y) residue m the sequence as a consequence of the
deletion or mutation event is, for example, isoleucme
(I); phenylalanine (F); cysteine/cystine (C);
methionine (M), alanine (A); glycine (G); threonine
(T); tryptophan (W), tyrosine (Y), proline (P);
histidine (H); glutamic acid (E); glutamine (Q);
aspartic acid (D); asparagine (N), lysine (K); and
arginine (R), and including, but not limited to, those
shown at Table 1. [00140] Other residues that are
positioned in the physical region, three-dimensional
space, or vicinity of the HUVEC binding site and/or
the (x)D/E(y) motif may be mutated or altered to
abrogate, reduce, or eliminate VLS. The amino acids
targeted for mutation in the flanking regions include
ammo acids on or near the surface of a native toxin
protein The alteration may remove or substitute a
charged residue in the region of a (x)D/E(y) motif,
which may negate or reverse the charge in a particular
area on the surface of the protein. The alteration may
also change size and/or hydrophilic nature of an amnio
acid in the physical region, space or vicinity of the
(x)D/E(y) sequence or active site of a protein For
example, LDV constitutes the minimal active site in
the CSl domain of fibronectm responsible for its
binding to the o4/31 integrin receptor (Makarem and
Humphries, 1991; Wayner and Kovach, 1992; Nowlin et
al., 1993). However, fibronectm (FN) does not damage
HUVECs. Instead, FN protects HUVECs from RTA-mediated
damage (Baluna et al., 1996). Unlike RTA, FN has a
C-terminal LDV-flankmg proline instead of a threonine
In disintegrins, residues flanking RGD, play a role in
ligand binding (Lu et al , 1996) The difference 



between the ability of an LDV or homologue-contaming
molecule to promote vascular integrity (e.g , FN) or
disrupt it (e.g., DT) may depend on the orientation,
or availability for interaction (i.e., binding), of
the LDV motif and hence, on flanking sequences
Therefore, changes in one or more flanking residues of
the (x)D/E(y) sequence may enhance or reduce the
ability of a molecule to promote VLS Further, changes
that expose the (x)D/E(y) sequence to the external
surface of the protein so as to interact with other
proteins, such as receptors, would enhance VLS
promoting activity, while conformations that are less
exposed may reduce VLS promoting activity. [00141] At
least one mutation, chemical modification, movement or
other alteration in the N- or C-terminal flanking
sequences of the (x)D/E(y) and/or (x)D/E(y)T sequence
may also produce proteins, polypeptides or peptides
that have a reduced ability to promote VLS.
Preferably, such mutations or alterations would occur
in one or more residues which will not affect the
active site In other embodiments, the mutations or
alterations would occur in one or more residues of
from about 1, about 2, about 3, about 4, about 5,
about 6 or more N-termmal and/or Cterminal to the
(x)D/E(y) tripeptide sequence. In other aspects, one
or more residues that are not adjacent to the
(x)D/E(y) tripeptide may contpbute to the function of
the (x)D/E(y) motif. Such residues may be identified
by their proximity to the tripeptide sequence in a
3-dimentional model, as described herein and as would
be known to one ofoidinary skill in the art, and are
contemplated for alteration as part of a flanking
sequence. Such alterations may include any of those
described above for altering the (x)D/E(y) and
(x)D/E(y)T sequences, as long as one or more "wild
type" flanking residues are altered, removed, moved,
chemically modified, etc [00142J Such amino acid
modifications can be assayed for the ability to
effectively deliver the catalytic domain of DT to a
targeted cell within the context of a fusion protein,
and not reconstitute an intact VLS motif. Provided
herein are modified diphtheria toxins that have a
reduced ability to induce VLS; any remaining (x)D/E(y)
and/or (x)D/E(y)T sequences, if possible, are to have
a reduced exposure to the surface of the protein,
polypeptide or peptide. [00143] In one non-limiting
example, it is contemplated that (x)D/E(y) and/or
(x)D/E(y)T sequences that are at least partly located
in the non-exposed portions of a diphtheria toxin, or
otherwise masked from full or partial exposure to the
surface of the molecule, would interact less with
cells, receptors or other molecules to promote or
induce VLS. Thus, it is contemplated that the complete
elimination of (x)D/E(y) and/or (x)D/E(y)T sequences
from the primary structure of the diphtheria toxm is
not necessary to produce toxins or molecules with a
reduced ability to induce or promote VLS However, in
one embodiment, all (x)D/E(y) and/or (x)D/E(y)T
sequences are removed to generate a composition that
has the least ability to induce or promote VLS [00144]
To determine whether a mutation would likely produce a
modified toxin with a less exposed (x)D/E(y) and/or
(x)D/E(y)T motif, the putative location of the moved
or added (x)D/E(y) and/or (x)D/E(y)T sequence could be
determined by compapson of the mutated sequence to
that of the unmutated toxin's secondary and tertiary
structure, as determined by such methods known to
those of ordinary skill in the art including, but not
limited to, Xray crystallography, NMR or computer
modeling. Computer models of various polypeptide and
peptide structures are also available in the
literature or computer databases In a non-limiting
example, the Entrez database (www ncbi.nlm rnh
gov/Entrez/) can be used to identify target sequences
and regions for mutagenesis The Entrez database is
crosslinked to a database of 3-D structures for the
identified amino acid sequence, if known Such
molecular models can be used to identify (x)D/E(y),
(x)D/E(y)T and/or flanking sequences in diphtheria
toxm that are more exposed to contact with external
molecules, (e g receptors) than similar sequences
embedded in the interior of the polypeptide or
polypeptide. It is contemplated that (x)D/E(y),
(x)D/E(y)T and/or flanking sequences that are more
exposed to contact with external molecules are more
likely to contribute to promoting or reducing VLS and
other toxic effects associated with these sequences,
and, thus, should be primary targets for mutagenesis
In certain embodiments, when addmg at least one
(x)D/E(y), (x)D/E(y)T and/or flanking sequence is
desirable, regions of the protem that are more exposed
to contact with external molecules are preferred as
sites to add such a sequence The mutated or wild-type
toxin's structure could be determined by X-ray
crystallography or NMR directly before use in in vitro
or in vivo assays, as would be known to one of
ordinary skill in the art [00145] Once an ammo acid
sequence comprising a (x)D/E(y) and/or (x)D/E(y)T
sequence is altered in a toxm, changes in its ability
to promote at least one toxic effect can be assayed by
any of the techniques described herein or as would be
known to one of ordinary skill in the art Methods of
altering (changing) ammo acid sequences are described
in more detail below and are known in the art [00146]
Modifications (changes) are those ammo acid
substitutions, insertions or deletions which permit
the alteration of a native sequence or a previously
modified sequence within these regions but do not
impair the cytotoxicity of a toxm or toxophore These
modifications would not include those that regenerate
the VDS/IDS sequences responsible for mediating the
interaction with endothelial cells Such non-native
recombinant sequences therefore comprise a novel
series of mutants that maintain the native function of
the unique domains of toxm while significantly
decreasing their ability to interact with vascular
endothelial cells[00147] In one embodiment, the DT
variants of the present invention contain at least one
modification within one of the (x)D/E(y) motifs of the
DT molecule, i.e., within residues 6-8 (VDS), residues
28-30 (VDS), and residues 289- 291 (IDS) of SEQ ID
NO.l to eliminate motifs that are associated with VLS
and thereby reduce the clinical adverse effects
commonly associated with this syndrome. The modified
DTs of the present application, however, are as
effective and efficient as DT387 in their ability to
facilitate the delivery of its catalytic domain to the
cytosol of targeted eukaryotic cells when incorporated
into protein fusion toxins. DT387 (SEQ ID NO 2) is a
truncated DT protein comprising amino acid residues
1-386 of the native DT protein including the catalytic
domain and the translocation domain and an addition of
an N-terminal methionine. DT389 (SEQ ID NO: 200) is a
truncated DT protein including in order, a methionine
residue, residues 1-386 of native DT and residues
484-485 of native DT. In one embodiment, the DT
variants of the present invention contain at least one
modification within one of the (x)D/E(y) motifs of the
DT molecule, i.e., within residues 7-9 (VDS), residues
29-31 (VDS), and residues 290-292 (IDS) of SEQ ID NO:2
or 200 to eliminate motifs that are associated with
VLS and thereby reduce the clinical adverse effects
commonly associated with this syndrome. [00148]
Unmodified diphtheria toxins can have, for example, an
amino acid sequence of SEQ ID NO: 2, 200 or an amino
acid sequence of any one of SEQ ID NOS: 4-147. In one
embodiment, a modified diphtheria toxin having
cytotoxicity comparable to an unmodified diphtheria
toxin refers to a modified diphtheria toxin having
cytotoxicity substantially similar to, or with at
least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, or at
least about 95% or more cytotoxicity compared to an
unmodified diphtheria toxin. Purified DAB389IL-2
produced in E. coli generally yields an IC50 of
between 5x10-" M and IxIO-12 M. Thus, in another
embodiment, a modified diphtheria toxin having
cytotoxicity comparable to an unmodified diphtheria
toxin refers to a modified diphtheria toxin having an
IC5 of between about 5xlO-n M to about 1x10 12 M, of
about IxIO-10 M to about IxIO 10M, of about IxIO-9M to
about IxIO-10 M, or of about IxIO-8M to about IxIO-9
M. Cytotoxicity of a modified diphtheria toxin
compared to an unmodified diphtheria toxin can be
tested in a cytotoxicity assay such as that described
below in the Examples. [00149] In addition to the
modification in the (x)D/E(y) motifs, the modified DTs
can further comprise a deletion or substitution of 1
to 30 amino acids of SEQ ID NO:2 or 200, 1 to 10 amino
acids, or 1-3 amino acids, so long as the truncated
molecule retains the ability to translocate into cells
and kill target cells when the truncated molecule is
fused with a cell binding domain. [00150] In one
embodiment provided herein is a modified diphtheria
toxin, said modified diphtheria toxin having an amino
acid sequence as set forth in SEQ ID NO. 2 or 200 with
one or more amino acid modifications therein, wherein
at least one amino acid modification is made within an
(x)D(y) motif in a region such as, for example,
residues 7-9, 29-3 1 and 290-292 of SEQ ID NO 2 or
200, and the modified diphtheria toxin has
cytotoxicity comparable to an unmodified diphtheria
toxin. In one embodiment, a modification at position
(x) is a substitution of V or I by A, S, E, F, C,M,
T,W, Y, P, H, Q, D, N, K, R, G, L, or a modified or
unusual amino acid from Table 1. In one embodiment, a
modification at position D is a substitution of D by
A, S, E, I, V, L, F, C, M, G, T,W, Y, P, H, Q, N, K, R
or a modified or unusual amino acid from Table 1. In
one embodiment, a modification at position (y) is a
substitution by I, F, C, M, A, G, T, W, Y, P, H, E, Q,
D, N, K, R, S, L, V, and a modified or unusual amino
acid from Table 1. [00151] Alternatively, in another
embodiment, provided herein is a modified diphtheria
toxin having one or more amino acid modifications
therein, wherein at least one amino acid modification
is made within an (x)D/E(y) motif in a region selected
from the group consisting of residues 7-9, 29-31 and
290-292 of SEQ ID NO 2 or 200, and wherein said
modified diphtheria toxin has cytotoxicity comparable
to an unmodified diphtheria toxin. In oneembodiment, a
modification at position (x) is a substitution of V or
I by F, C,M, T,W, Y, P, H, E, Q, D, N, K, R, or a
modified or unusual amino acid from Table 1. In
another embodiment, a modification at position D/E is
a substitution of D/E by I, V, L, F, C, M, A, G, T, W,
Y, P, H, Q, N, K, R or a modified or unusual amino
acid from Table 1. In one embodiment, a modification
at position (y) is a substitution by I, F, C,M A, G,
T, W Y, P, H, E, Q, D, N, K, R, S, L, V, and a
modified or unusual amino acid from Table 1. [00152]
In one embodiment, a modified diphtheria toxin
contains one or more modifications selected from among
V7T, V7N, V7D, D8N, S9A, S9T, S9G, V29N, V29D, V29T,
D30N, S3 IG, S3 IN I290T, D291E, S292A, S292G and
S292T. [00153] In one embodiment, a modified
diphtheria toxin contains two modifications. Such
modified diphtheria toxins can contain a combination
of mutations such as, for example, V7N V29N, V7N V29T,
V7N V29D, V7T V29N, V7T V29T or V7T V29D. [00154] In
one embodiment, a modified diphtheria toxin contains
three modifications. Such modified diphtheria toxins
can contain a combination of mutations such as, for
example, V7N V29N I290N, V7N V29N I290T, V7N V29N
S292A, V7N V29N S292T, V7N V29T I290N, V7N V29T I290T,
V7N V29T S292A, V7N V29T S292T, 



and V7T V29T I290T. [00155] Modified diphtheria toxins
containing about 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or up to about 20
modifications within one or more (x)D/E(y) motifs can
be made, using the methods described herein, by
sequentially modifying amino acid residues and
comparing activity after each modification to the
previously unmodified or previously modified
diphtheria toxin. Alternatively, modified diphtheria
toxins containing more than one modification can be
made, using the methods described herein, by modifying
two or more amino acid residues at the same time and
comparing activity to the previously unmodified
diphtheria toxin. Modified toxins can be tested for
activity using assays known m the art and described
herein including, but not limited to, cytotoxicity
assays and ADP pbosylation assays. [00156] Expressed
toxm-mutants and toxm-fusion proteins can be tested
for their functional activity. Methods for testing
various toxins' activity are well-known in the art.
For example, the VLS effect of DT-mutants and
DT-fusion proteins can be tested in HUVECs as
described in Example 2. The ribosyltransferase
activity of DT variants or DTnision proteins can be
tested by the ribosyltransferase assay described in
Example 3. The cytotoxicity of DT variants or
DT-fusion proteins can be tested as described in
Example 4. VLS modified DT fusion toxins using these
ligands are useful in treating cancers or other
diseases of the cell type to which there is specific
binding. V. TOXINS WITH T-CELL EPITOPE, B-CELL
EPITOPE, AND VLS MOTIF MODIFICATIONS [00157] In
addition to the methods for reducing immunogenicity
via modification of T-cell and B-cell epitopes and to
the methods for reducing vascular leak syndrome via
modification of VLS motifs as described herein, toxins
and modified toxins can include both modifications to
produce polypeptides that exhibit reduced
immunogenicity (Tcell, B-cell, or both) and reduced
capacity to cause vascular leak syndrome (i.e reduced
binding to endothelial cells and vascular endothelial
cells and reduced disruption of endothelial cell
junctions and other indications of vascular leak
syndrome as described herein). [00158] To produce a
toxin (e g., diphtheria toxin) that has modifications
in T-cell epitopes, B-cell epitopes, VLS motifs, and
combinations thereof, the amino acid residue
modifications made for each type of modification are
considered in light of the other modifications. In one
non-limiting example, modification of both T-cell
epitopes and VLS motifs is desired. When modifying
both T-cell epitopes and VLS motifs, modification of
at least one amino acid within at least one T-cell
epitope within the toxin should not create a VLS
motif. Similarly, the modification of at least one
amino acid within at least one VLS motif within the
toxin should not create a T-cellepitope. Additionally,
the modification of a T-cell epitope or a VLS motif
should not re-mtroduce a previously modified T-cell or
VLS motif. Furthermore, modification of such
polypeptides can also take into consideration the
modification of B-cell epitopes, which when desired,
should also not create or re-introduce T-cell epitopes
or VLS motifs [00159] Modifications that affect the
cytotoxicity of the toxins can also be made. For
instance, if one or more modifications are made to one
or more of a T cell epitope, a VLS motif and/or a B
cell epitope are made and the cytotoxicity of the
modified toxin is less than the unmodified toxin, it
is contemplated herein that one or more modifications
could made to restore the cytotoxicity to a level
comparable to that of the unmodified toxin or to an
effective level. [00160] The membrane-inserting domain
(translocation domain) of diphtheria toxin (T)
contains an amphrpathic region that is involved in the
delivery of the catalytic domain (C) domain to the
cytosol of a cell. In one nonlimiting example,
replacement of one or more amino acid residues of the
amphipathic region with one or more different amino
acid residues that retain the helical structure of the
region can maintain cytoxicity. Consideration of the
composition and distribution of the charged and
hydrophobic amino acid residues within the amphipathic
region and modification thereof is also contemplated
herein Examples of charged amino residues include Glu,
Asp, Asn, Gln, Lys, Arg and His; hydrophobic amino
acids include, but are not limited to, alanine and
phenylalanine. [00161] Modification of the binding
cleft of the catalytic domains of the ADP-pbosylating
protein family, described herein, can also affect
cytotoxicity. In one non-limiting example,
modification of one or more amino acid residues of the
F/Y-X-S-T-X motif of the diphtheria toxin C domain can
affect the cytotoxicty of the polypeptide. Replacement
of one or more ammo acid residues m this region one or
more different ammo acid residues that retain the
catalytic domain can maintain cytoxicity. Comparison
with related members of the ADP-pbosylatmg protein
family (e g , Pseudomonas aeruginosa exotoxin A) can
provide further guidance on amino acid residue
modification and composition of domains such as the
diphtheria toxin C domain Modifications such as these
are also contemplated herein. [00162] Provided herein
are methods of making modified toxins that have
reduced lmmunogenicity, reduced VLS effects (i.e.
reduced endothelial cell binding), and combinations
thereof. Furthermore, methods of selecting modified
toxms that have reduced lmmunogenicity, reduced VLS
effects, and combinations thereof are also
contemplated within the invention described herein
[00163] In one embodiment, a toxin is modified for
T-cell epitopes, B-cell epitopes, VLS motifs, and
combinations thereof, and the amino acid sequence of
the modified toxm is subsequently examined for the
creation or remtroduction of T-cell epitopes, B-cell
epitopes, or VLS motifs. Where a T-cell epitope,
B-cell epitope, VLS motif, or combination thereof is
found to have been created or re-mtroduced, the amino
acid residues therein are further modified to remove
said T-cell epitope, B-cell epitope, VLS motif, or
combination thereof without creating or r e
introducing any T-cell epitope, B-cell epitope, VLS
motif, or combinations thereof. [00164] In another
embodiment, T-cell epitopes within a toxm are first
identified and modified, followed by identification
and modification of any VLS motifs withm the toxin The
modified toxm is then examined for the creation or
re-mtroduction of any T-cell epitopes, and any such
T-cell epitopes are modified without creating or re
introducing VLS motifs In yet another embodiment, VLS
motifs withm a toxin are first identified and
modified, followed by identification and modification
of T-cell epitopes withm the toxm [00165] Application
of the methods described herein also provides for
methods of making modified toxms that exhibit reduced
lmmunogenicity, reduced VLS effects (i e. reduced
endothelial cell binding), and combinations thereof
Furthermore, methods of selecting modified toxins that
have reduced immunogemcity, reduced VLSeffects, and
combinations thereof are also contemplated herein
Methods of testing modified toxins for such
characteristics are known m the art and are described,
for example, in the Examples provided herein In one
embodiment, a method of making a modified toxm
exhibiting reduced immunogemcity and reduced VLS
effects compared to an unmodified toxm comprises
identifying at least one T-cell epitope within the
amino acid sequence of a toxin, modifying at least one
amino acid residue within at least one identified
T-cell epitope, identifying at least one VLS motifs
within the amino acid sequence of the toxm, and
modifying at least one amino acid withm at least one
identified VLS motif [001661 I another embodiment, a
modified toxin exhibiting reduced immunogenicity and
reduced VLS effects compared to an unmodified toxm is
produced by a process of identifying at least one
T-cell epitope within the amino acid sequence of a
toxin, modifying at least one amino acid residue
within at least one identified T-cell epitope,
identifying at least one VLS motifs within the ammo
acid sequence of the toxin, and modifying at least one
amino acid withm at least one identified VLS motif
[00167J In yet another embodiment, a method of
selecting a modified toxin that exhibits reduced
immunogenicity and reduced VLS effects compared to an
unmodified toxm comprises identifying at least one
T-cell epitope withm the amino acid sequence of a
toxin, modifying at least one amino acid residue
within at least one identified T-cell epitope,
identifying at least one VLS motifs within the ammo
acid sequence of the toxm, modifying at least one
amino acid withm at least one identified VLS motif,
and selectmg a modified toxin that exhibits reduced
immunogenicity compared to an unmodified toxin VI.
TOXINS [00168] A used herein, the term "toxm" refers
to any anticellular agent, and includes, but is not
limited to, cytotoxins and/or any combination of
anticellular agents In certain aspects, the toxin is,
for example, a plant toxin, a fungal toxin, a
bacterial toxin, a nbosome inactivating protein (RIP)
or a combination thereof Toxms include, but are not
limited to, Abrin A chain, Diphtheria Toxin (DT)
A-Chain, Pseudomonas exotoxin, RTA, Shiga Toxin A
chain, Shiga-hke toxin, Gelonin, Momordin, Pokeweed
Antiviral Protein, Saporm, Tpchosanthin, Barley toxm,
and various other toxins known in the art Toxin, as
used herein, specifically excludes Staphylococcus
enterotoxm B (SEB), hirudin, and bouganin protems
[00169] Diphtheria toxin is a member of the
mono-ADP-pbosylatmg toxin family which further
includes such toxins as cholera toxin, pseudomonas
exotoxin A, pertussis toxin, and Clostridium C3-hke
toxin Members of this family contain many similar
protein domains and motifs, in particular the
catalytic site of the toxins. For example, the
catalytic site of many members of this family is known
to contain a glutamic acid residue important in the
catalytic function of these toxms The members of this
family are contemplated as withm the invention
described herein using DT as an exemplary toxin DT is
composed of three domains a catalytic domain;
transmembrane domain, and a receptor binding domain
(Choe et al Nature, 357.216-222 (1992)) The nucleic
acid and ammo acid sequences of native DT were
described by Greenfield etal PNAS (1983) 80 6853-6857
in Figure 2 Native DT is targeted to cells that
express heparin binding epidermal growth factor-like
receptors (Naglish et al , Cell, 69 1051- 1061 (1992))
The first generation targeted toxins were initially
developed by chemically cross-linking novel targeting
hgands to toxms such as DT or mutants of DT deficient
in cell binding (e g CRM45) (Cawley, Cell 22 563-570
(1980), Bacha et al , Proc Soc Exp Biol Med., 181(1)
131-138 (1986), Bacha et al , Endocrinology, 113(3)
1072 1076 (1983); Bacha et al , J Biol Chem, 258(3)
1565-1570 (1983)) The native cell binding domain or a
cross-linked ligand that directs the DT toxophore to
receptors on a specific class of receptor-bearing
cells must possess intact catalytic and translocation
domains (Cawley et al , Cell, 22 563-570 (1980),
vanderSpek et al , J 



Biol Chem , 5 268(16) 12077-12082 (1993), vanderSpek
et al , J Biol Chem , 7(8) 985-989 (1994); vanderSpek
etal , J Biol Chem, 7(8)985-989 (1994), Roscom, J Biol
Chem, 10,277(19) 16517-161278 (2002)) These domains
are critical for delivery and lntoxification of the
targeted cell following receptor internalization
(Greenfield et al , Science, 238(4826)536-539 (1987))
Once the toxin, toxin conjugate or fusion toxm has
bound to the cell surface receptor the cell
internalizes the toxm bound receptor via endocytic
vesicles As the vesicles are processed they become
acidified and the translocation domain of the DT
toxophore undergoes a structural reorganization which
inserts the nine transmembrane segments of the toxm
into the membrane of the endocytic vesicle This event
triggers the formation of a productive pore through
which the catalytic domain of the toxm is threaded
Once translocated the catalytic domain which possess
the ADP-pbosyltransferase activity is released mto the
cytosol of the targeted cell where it is free to
poison translation thus effecting the death of the
cell (reviewed in vanderSpek et al , Methods m
Molecular Biology, Bacterial Toxins methods and
Protocols, 145 89-99, Humana press, Totowa, N J ,
(2000)) [00170] Fewer than ten molecules of DT will
kill a cell if they enter the cytosol (although many
times that number must bind to the cell surface
because the entry process is inefficient) This
extraordinary potency initially led to the concern
that such poisons were too powerful to control
However, toxins such as DT can be rendered innocuous
(except when directed to the target cells) simply by
removing or modifying their cell-bindmg domain or
subumt The remaining portion of the toxin (lacking a
cell-binding domain) is then coupled to a hgand (e g ,
a polypeptide or portion thereof containing a
cell-binding domain) that targets the toxic portion to
the target cell By selecting a polypeptide or portion
thereof containing a cell-binding domain lacking
unwanted cross-reactivity, fusion proteins are safer
and have fewer non-specific cytotoxic effects than
most conventional anti-cancer drugs The other mam
attraction of toxms such as DT is that because they
are inhibitors of protein synthesis, they kill resting
cells as efficiently as dividing cells Hence, tumor or
infected cells that are not m cycle at the time of
treatment do not escape the cytotoxic effect of a
fusion protein [00171] Toxins such as DT often contain
two disulfide-bonded chains, the A and B chains The B
chain carries both a cell-binding region and a
translocation region, which facilitates the insertion
of the A chain through the membrane of an acid
intracellular compartment mto the cytosol The A chain
then kills the cell after translocation For their use
in vivo, the hgand and toxin are coupled in such a way
as to remain stable while passing through the
bloodstream and the tissues and yet be labile within
the target cell so that the toxic portion can be
released into the cytosol [00172] However, it may be
desirable from a pharmacologic standpoint to employ
the smallest molecule possible that nevertheless
provides an appropriate biological response One may
thus desire to employ smaller A chain peptides or
other toxins which will provide an adequate
anti-cellular response [00173] Diphtheria toxin as
described herem comprises the amino acid sequence as
set forth in SEQ ID NO 2 or 200 Additionally, variants
of diphtheria are known to contain nucleic acid
residue insertions, deletions, and/or substitutions in
their nucleic acid sequence while still retaining
their biological activity Variants of diphtheria toxm
have been characterized demonstrating nucleic acid
variation among diphtheria toxins (Holmes, R K , J
Infect Dis , 181 (Supp 1) S156-S167 (2000)), thus
diphtheria toxins can comprise different nucleic acid
and/or ammo acid sequences Nucleic acid residue
insertions, deletions, and/or substitutions can also
affect the ammo acid sequence However, not all nucleic
acid residue changes will result in a change at the
amino acid residue level of a protein due to the
redundancy of the genetic code Nucleic acid and/or
ammo acid variations (i e , insertions, deletions,
and/or substitutions) of diphtheria toxm are also
included within the definition of diphtheria toxm and
contemplated herein As used herein, diphtheria toxm
comprises the ammo acid sequence as set forth m SEQ ID
NO 2 or 200 and further includes diphtheria toxins
comprising ammo acid sequences about 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% homologous to SEQ
ID NO 2 or 200 C terminal truncations of DT can also
made and include for example, deletion of about 1,
about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about11, about 12, about
13, about 14, about 15, about 20, about 25, about 30,
about 35, about 40, or about 50 amino acid residues of
DT389 or DT387. For example, as used herein,
diphtheria toxin comprises the amino acid sequence as
set forth in amino acid residues 1-382 of SEQ ID NO: 2
or 149 and further includes diphtheria toxins
comprising amino acid sequences about 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% homologous to
amino acid residues 1-382 of SEQ ID NO: 2 or 149. One
would understand that variants of diphtheria toxin
could be modified and tested for function using any of
the methods described herein. [00174] In one aspect,
toxin as used herein contemplates fusion proteins
between toxins (e.g. diphtheria toxin) and non-toxin
polypeptides containing at least one cell binding
domain. In one non-limiting example, a diphtheria
toxin or a fragment thereof is fused to a cell-binding
domain of interleukin 2 (IL-2), thus creating a fusion
toxin. As described in further detail herein, fusion
protein toxins can also comprise linker polypeptides
and conjugates. Such toxins are also contemplated as
toxins to be modified by the methods of the invention
disclosed herein. [00175] In one embodiment, a toxin
is a fusion protein comprising a modified toxin
wherein the toxin binding domain has been replaced
with the binding domain of a non-toxin polypeptide. In
another embodiment, the toxin is a fusion protein
comprising a modified diphtheria toxin and a non-toxin
polypeptide. In another embodiment, the toxin is a
fusion protein comprising diphtheria toxin and IL-2.
[00176] While diphtheria toxin is frequently discussed
as an exemplar toxin, one would recognize that the
methods of the invention described herein can be
applied to any of the aforementioned toxins. VII.
FUSION PROTEINS [00177] The present invention also
provides modified toxin fusion proteins. Modified
toxin polypeptides can be fused to, for example, a
non-toxin polypeptide. In one embodiment, the
non-toxin polypeptide is a cell-specific binding
ligand. The specific-binding ligands used in the
invention can contain an entire ligand, or a portion
of a ligand which includes the entire binding domain
of the ligand, or an effective portion of the binding
domain. It is most desirable to include all or most of
the binding domain of the ligand molecule. In one
non-limiting example, a DT fusion protein contains a
DT-related polypeptide (e.g., a modified DT described
herein) and a non-DT polypeptide fused in-frame to
each other. The DT-related polypeptide corresponds to
all or a portion of DT variant having reduced
immunogenicity or modified T-cell epitopes, reduced
binding to human vascular endothelial cells, or
combinations thereof. In one embodiment, a DT fusion
protein comprises at least one portion of a modified
DT sequence recited in one of SEQ ID NOS: 4-147. In
another embodiment, a DT fusion protein comprises at
least one T-cell epitope modification. In a further
embodiment, a DT fusion protein comprises at least one
T-cell epitope modification, and at least one
modification set forth in one or more of SEQ ID NOS:
4-147. In a further embodiment, a DT fusion protein
comprises at least one T-cell epitope modification, at
least one modification set forth in one or more of SEQ
ID NOS: 4-147, and at least one B-cell epitope
modification. [00178] In one embodiment of the
compounds disclosed herein, the modified toxin is a
fusion toxin wherein a nondiphtheria toxin polypeptide
is a cell-binding ligand. In a further embodiment, the
cell-binding ligand is an antibody or antigen-binding
fragment thereof, a cytokine, a polypeptide, a
hormone, a growth factor, or insulin. In yet another
embodiment, the cytokine is IL-2. [00179] In another
embodiment, the modified toxin is a fusion toxin
wherein the cell binding domain is an antibody or
antigen-binding fragment thereof. An antibody can be,
for example, monoclonal, polyclonal, humanized,
genetically engineered, or grafted. An antigen-binding
fragment can be, for example, a Fab, Fab , a F(ab')2,
a scFv, a scFv2 (a tandem linkage of two scFv
molecules head to tail in a chain), a single chain
binding polypeptide, a VH or a VL. Methods of making
antigen-binding fragments are known in the art and are
incorporated herein. Usefulantibodies include those
that specifically bmd to a receptor or other moiety
expressed on the surface of the target cell membrane
or tumor associated antigens [00180] "Specifically
binds" means that the binding agent binds to the
antigen on the target cell with greater affinity than
it binds unrelated antigens Preferably such affinity
is at least about 10-fold greater, at least about
100-fold greater, or at least about 1000-fold greater
than the affinity of the binding agent for unrelated
antigens. The terms "immunoreactive" and "specifically
binds" are used interchangeably herein. In certain
embodiments, the anti-tumor antibodies or
antigen-binding fragments thereof (e g , scFv, scFv2,
etc ) are those which recognize a surface determinant
on the tumor cells and are internalized m those cells
via receptor-mediated endocytosis. In a further
embodiment, the antibody or antigen binding fragment
thereof binds to a B-cell surface molecule such as,
for example, the B-cell surface molecule is CD19 or
CD22 Alternatively, the antibody or antigen binding
fragment thereof, binds to the ovarian receptor MISIIR
(Mullepan Inhibitory Substance type II receptor).
[00181] Cell-specific -binding ligands can also
include, but are not limited to: polypeptide hormones,
e.g., those made using the binding domain of -MSH can
selectively bmd to melanocytes, allowing the
construction of improved t-MSH chimeric toxins useful
in the treatment of melanoma. (Murphy, J. R. et al.,
Proc. Natl. Acad Sci. US.A., 83(21): 825 8-8262
(1986)) Other specific-binding ligands which can be
used include insulin, somatostatin, mterleukins I and
HI, and granulocyte colony stimulating factor Other
useful polypeptide ligands having cellspecific binding
domains are follicle stimulating hormone (specific for
ovarian cells), luteinizing hormone (specific for
ovarian cells), thyroid stimulating hormone (specific
for thyroid cells), vasopressin (specific for uterine
cells, as well as bladder and intestinal cells),
prolactin (specific for breast cells), and growth
hormone (specific for certain bone cells)
Specific-binding ligands which can be used include
cytokines including, but not limited to, IL-I, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-Il, IL-12, IL-13, IL-14, IL-15, /3-interferon,
-interferon (INF- ), INF-g, angiostatm,
thrombospondin, endostatm, METH-I, METH-2, GM-CSF,
G-CSF, M-CSF, tumor necrosis factor (TNF), SVEGF,
TGF-ft Flt3 and B-cell growth factor. IL-2 is of
particular importance because of its role m allergic
reactions and autoimmune diseases such as systemic
lupus erythmatosis (SLE), involving activated T cells.
Toxin fusion proteins made using B-cell growth factor
can be used as immunosuppressant reagents which kill
proliferating B-cells, which bear B-cell growth factor
receptors, and which are involved in hypersensitivity
reactions and organ rejection Other cytokines include
Substance P (Benoliel et al., Pain, 79(2-3):243-53
(1999)), VEGF (Hotz et al , J Gastrointest Surg , 6(2)
159-66 (2002)), IL-3 (Jo et al , Protein Exp Purif.
33(1). 123-33 (2004)) and 



GM-CSF (Frankel et al , Clin Cancer Res, 8(5): 1004-
13 (2002)) Modified fusion toxins using these ligands
are useful rn treating cancers or other diseases of
the cell type to which there is specific binding.
[00182] In IL-2, a LDL sequence (a "VLS" motif) at
residues 19-21 (SEQ ID NO: 3) is located in an -hehx
and is also partially exposed. Mutating Asp-20 to Lys
m the LDL motif eliminates binding of IL-2 to the b
chain of the IL- 2 receptor and subsequent cell
proliferation (Collins et al., 1988) It has been
reported that IL-2 directly increases the permeability
of the vascular endothelium to albumin in vitro and
that this effect can be inhibited by anti-IL-2
receptor monoclonal antibodies (Downie et al., 1992).
The LDL sequence in IL-2 damages HUVECs. The Asp-20 m
the LDL of IL-2 is involved in receptor binding and
functional activity (Collins et al , 1988) Thus, it is
contemplated that in certain embodiments, mutations in
IL-2's (x)D/E(y) sequence and/or flanking sequence(s)
to eliminate or reduce VLS should be conservative with
respect to Asp-20 or the biological activity of IL-2
may be reduced [00183] For a number of cell-specific
ligands, the region withm each such hgand in which the
binding domain is located is now known. Furthermore,
advances m solid phase polypeptide synthesis enable
those skilled in this technology to determine the
binding domain of practically any such hgand, by
synthesizing various fragments of theligand and
testing them for the ability to bind to the class of
cells to be labeled using conventional methods known
in the art such as an ELISA assay. Thus, the chimeric
genetic fusion toxins of the invention need not
include an entire ligand, but rather can include only
a fragment of a ligand which exhibits the desired
cell-binding capacity. Likewise, analogs of the ligand
or its cell-binding region having minor sequence
variations can be synthesized, tested for their
ability to bind to cells, and incorporated into the
hybrid molecules of the invention. The amino acid
sequences of cell-binding polypeptides can be analyzed
for one or more VLS motifs, T-cell epitopes, B-cell
epitopes, or combinations thereof and modified
according to the concepts described herein. [00184] In
one aspect, a toxin-fusion protein of the present
invention is produced by standard recombinant DNA
techniques. For example, DNA fragments coding for the
different polypeptide sequences are ligated together
inframe in accordance with conventional techniques,
for example, by employing blunt-ended or stagger-ended
termini for ligation, restriction enzyme digestion to
provide for appropriate termini, filling-in of
cohesive ends as appropriate, alkaline phosphatase
treatment to avoid undesirable joining, and enzymatic
ligation. In another embodiment, the fusion gene can
be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out
using anchor primers which give rise to complementary
overhangs between two consecutive gene fragments which
can subsequently be annealed and reamplifed to
generate a chimeric gene sequence. [00185] If needed
for proper conformational folding of the fusion
protein, a peptide linker sequence can be employed to
separate the toxin-related polypeptide from non-toxin
polypeptide components by a distance sufficient to
ensure that each polypeptide folds into its secondary
and tertiary structures. Such a peptide linker
sequence can be incorporated into the fusion protein
using standard techniques well known in the art and
can be chosen based on the following factors: (1) its
ability to adopt a flexible extended conformation; (2)
its inability to adopt a secondary structure that
could interact with functional epitopes on the
toxin-related polypeptide and non-toxin polypeptide;
and (3) the lack of hydrophobic or charged residues
that might react with the polypeptide functional
epitopes. Preferred peptide linker sequences contain
Gly, Asn and Ser residues. Other near neutral amino
acids, such as Thr and Ala, can also be used in the
linker sequence. Amino acid sequences which can be
usefully employed as linkers include, but are not
limited to, those disclosed in Maratea et al., Gene,
40:39-46, 1985; Murphy et al., Proc. Natl. Acad. Sci.
USA, 83:8258-8262, 1986; U.S. Pat. No. 4,935,233 and
U.S. Pat. No. 4,751,180. The linker sequence can
generally be from 1 to about 50 amino acids in length.
Linker sequences may not be required when the
toxin-related polypeptide and non-toxin polypeptide
have non-essential N-terminal amino acid regions that
can be used to separate the functional domains and
prevent steric interference. [00186] Chemical
cross-linking or conjugation results in a variety of
molecular species representing the reaction products,
and typically only a small fraction of these products
are catalytically and biologically active. In order to
be biologically active, the reaction products must be
conjugated in a manner that does not interfere with
the innate structure and activity of the catalytic and
translocation domains in the toxophore. Resolution of
the active or highly active species from the inactive
species is not always feasible as the reaction
products often possess similar biophysical
characteristics, including for example size, charge
density and relative hydrophobicity. It is noteworthy
that isolation of large amounts of pure clinical grade
active product from chemically cross-linked toxins is
not typically economically feasible for the production
of pharmaceutical grade product for clinical trials
and subsequent introduction to the clinical
marketplace. To circumvent this issue, a genetic
DT-based protein fusion toxin in which the native DT
receptor-binding domain was genetically replaced with
melanocyte-stimulating hormone as a surrogate
receptor-targeting domain was created (Murphy et al.,
PNAS, 83:8258-8262 (1986)). This approach was used
with human IL-2 as a surrogate targeting ligand to
create DAB486IL-2 that was specifically cytotoxic only
tothose cells that expressed the high-affinity form of
the IL-2 receptor (Williams et al , Protein Eng , 1
493-498 (1987)) Subsequent studies of DAB486IL-2
indicated that truncation of 97 amino acids from the
DT portion of the molecule resulted in a more stable,
more cytotoxic version of the IL-2 receptor targeted
toxm, DAB389IL-2 (Williams et al , J Biol Chem , 265
11885-889 (1990)) The original constructs (the 486
forms) still possessed a portion of the native DT cell
binding domain The DAB389 version contains the C and T
domains of DT with the DT portion of the fusion
protein ending in a random coil between the T domain
and the relative receptor binding domain A number of
other targeting hgands have since been genetically
fused to this DT toxophore, DAB389 (VanderSpek et al ,
Methods in Molecular Biology, Bacterial Toxins Methods
and Protocols , 145 89-99, Humana Press, Totowa, N J
(2000)) Similar approaches have now been employed with
other bacterial proteins and genetic fusion toxins are
often easier to produce and purify VIII. NUCLEIC
ACIDS, VECTORS, AND HOST CELLS [00187] Another aspect
of the present invention pertains to vectors
containing a polynucleotide (nucleic acid, DNA)
encoding a modified DT variant or a fusion protein
thereof [00188] The nucleotide and polypeptide
sequences for various genes have been previously
disclosed, and can be found at computepzed databases
known to those of ordinary skill in the art One such
database is the National Center for Biotechnology
Information's Genbank and GenPept databases The coding
regions for these known genes can be amplified and/or
expressed using the techniques disclosed herein or by
any technique that would be know to those of ordinary
skill in the art Additionally, polypeptide sequences
can be synthesized by methods known to those of
ordinary skill m the art, such as polypeptide
synthesis using automated polypeptide synthesis
machines, such as those available from Applied
Biosystems (Foster City, Calif) [00189] As used
herein, the term "expression vector or construct"
means any type of genetic construct containing a
nucleic acid coding for a gene product in which part
or all of the nucleic acid encoding sequence is
capable of being transcribed The transcript can be
translated into a protein, but it need not be Thus, in
certain embodiments, expression includes both
transcription of a gene and translation of a RNA into
a gene product In other embodiments, expression only
includes transcription of the nucleic acid, for
example, to generate antisense constructs [00190]
Particularly useful vectors are contemplated to be
those vectors in which the coding portion of the DNA
segment, whether encoding a full length protein,
polypeptide or smaller peptide, is positioned under
the transcriptional control of a promoter A "promoter"
refers to a DNA sequence recognized by the synthetic
machinery of the cell, or introduced synthetic
machinery, required to initiate the specific
transcription of a gene The phrases "operatively
positioned," "under control' or "under transcriptional
control" means that the promoter is in the correct
location and orientation in relation to the nucleic
acid coding for the gene product to control RNA
polymerase initiation and expression of the gene
[00191] The promoter can be in the form of the
promoter that is naturally associated with a gene, as
can be obtained by isolating the 5' non-coding
sequences located upstream of the coding segment or
exon, for example, using recombinant cloning and/or
PCR technology, in connection with the compositions
disclosed herein [00192] In other embodiments, it is
contemplated that certain advantages will be gamed by
positioning the coding DNA segment under the control
of a recombinant, or heterologous, promoter As used
herein, a recombinant or heterologous promoter is
intended to refer to a promoter that is not normally
associated with a gene in its natural environment Such
promoters can include promoters normally associated
with other genes, and/or promoters isolated from any
other bacterial, viral eukaryotic, or mammalian cell,
and/or promoters made by the hand of manthat are not
"naturally occurring," that is, containing difference
elements from different promoters, or mutations that
increase, decrease or alter expression [00193]
Promoters that effectively direct the expression of
the DNA segment in the cell type, organism, or even
animal, are chosen for expression The use of promoter
and cell type combinations for protein expression is
generally known to those of skill in the art of
molecular biology, for example, see Sambrook et al ,
(1989), incorporated herein by reference The promoters
employed can be constitutive, or inducible, and can be
used under the appropriate conditions to direct high
level expression of the introduced DNA segment, such
as is advantageous rn the large-scale production of
recombinant protems or peptides [00194] At least one
module in a promoter generally functions to position
the start site for RNA synthesis The best known
example of this is the TATA box, but in some promoters
lacking a TATA box, such as the promoter for the
mammalian terminal deoxynucleotidyl transferase gene
and the promoter for the SV40 late genes, a discrete
element overlying the start site itself helps to fix
the place of initiation [00195] Additional promoter
elements regulate the frequency of transcriptional
initiation Typically, these are located in the region
30-110 base parrs (bp) upstream of the start site,
although a number of promoters have been shown to
contain functional elements downstream of the start
site as well The spacing between promoter elements 



frequently is flexible, so that promoter function is
preserved when elements are inverted or moved relative
to one another In the tk promoter, the spacmg between
promoter elements can be increased to 50 bp apart
before activity begins to decline Depending on the
promoter, it appears that individual elements can
function either co-operatively or independently to
activate transcription [00196] The particular promoter
that is employed to control the expression of a
nucleic acid is not believed to be critical, so long
as it is capable of expressing the nucleic acid in the
targeted cell Thus, where a human cell is targeted, it
is preferable to position the nucleic acid coding
region adjacent to and under the control of a promoter
that is capable of being expressed in a human cell
Generally speaking, such a promoter might include
either a human or vrral promoter [00197] In
expression, one will typically include a
polyadenylation signal to effect proper
polyadenylation of the transcript The nature of the
polyadenylation signal is not believed to be crucial
to the successful practice of the invention, and any
such sequence may be employed Polyadenylation signals
include, but are not limited to the SV40
polyadenylation signal and the bovme growth hormone
polyadenylation signal, convenient and known to
function well m various target cells Also contemplated
as an element of the expression cassette is a
terminator sequence These elements can serve to
enhance message levels and to minimize read through
from the cassette into other sequences [00198] A
specific initiation signal also can be required for
efficient translation of coding sequences These
signals include the ATG initiation codon and adjacent
sequences Exogenous translational control signals,
including the ATG initiation codon, may need to be
provided One of ordinary skill in the art would
readily be capable of determining this and providing
the necessary signals It is well known that the
initiation codon must be "m-frame" with the reading
frame of the desired coding sequence to ensure
translation of the entire insert The exogenous
translational control signals and initiation codons
can be either natural or synthetic The efficiency of
expression maybe enhanced by the inclusion of
approppate transcription enhancer elements [00199] It
is contemplated that polypeptides can be co-expressed
with other selected proteins, wherein the proteins can
be co-expressed in the same cell or a gene(s) can be
provided to a cell that already has another selected
protein Co-expression can be achieved by
co-transfecting the cell with two distinct recombinant
vectors, each bearing a copy of either of the
respective DNA Alternatively, a single recombinant
vector can be constructed to include thecoding regions
for both of the proteins, which could then be
expressed in cells transfected with the single vector
In either event, the term "co-expression" herein
refers to the expression of both the gene(s) and the
other selected protein in the same recombinant cell
[00200] As used herein, the terms "engineered" and
"recombinant" cells or host cells are mtended to refer
to a cell into which an exogenous DNA segment or gene,
such as a cDNA or gene encoding a protein has been
introduced Therefore, engineered cells are
distinguishable from naturally occurring cells which
do not contain a recombinantly introduced exogenous
DNA segment or gene Engineered cells are thus cells
having a gene or genes introduced through the hand of
man Recombinant cells include those having an
introduced cDNA or genomic gene, and also include
genes positioned adjacent to a promoter not naturally
associated with the particular introduced gene [00201]
To express a recombinant polypeptide, whether modified
or wild-type, in accordance with the present invention
one would prepare an expression vector that comprises
a wild-type, or modified protem-encodmg nucleic acid
under the control of one or more promoters To bring a
coding sequence "under the control of a promoter, one
positions the 5' end of the transcription initiation
site of the transcriptional reading frame generally
between about 1 and about 50 nucleotides "downstream"
of (i e , 3' of) the chosen promoter The "upstream"
promoter stimulates transcription of the DNA and
promotes expression of the encoded recombinant protein
This is the meaning of "recombinant expression" in
this context [00202] Many standard techniques are
available to construct expression vectors containing
the appropriate nucleic acids and
transcpptional/translational control sequences in
order to achieve protein, polypeptide or peptide
expression m a variety of host-expression systems Cell
types available for expression include, but are not
limited to, bacteria, such as E coli and B subtihs
transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors [00203]
Certain examples of prokaryotic hosts are E coli
strain RRl, E coli LE392, E coli B, E coli X 1776
(ATCC No. 31537) as well as E coli W3110 (F-, lambda-,
prototrophic, ATCC No 273325), bacilli such as
Bacillus subtihs, and other enterobactepaceae such as
Salmonella typhimunum, Serratia marcescens, and
various Pseudomonas species [00204] In general,
plasmid vectors containing replicon and control
sequences which are derived from species compatible
with the host cell are used in connection with these
hosts The vector ordinarily carries a replication
site, as well as marking sequences which are capable
of providing phenotypic selection in transformed cells
For example, E coli is often transformed using
derivatives of pBR322, a plasmid derived from an E
coli species pBR322 contains genes for ampicillm and
tetracycline resistance and thus provides easy means
for identifying transformed cells The pBR plasmid, or
other microbial plasmid or phage must also contain, or
be modified to contain, promoters which can be used by
the microbial organism for expression of its own
proteins [00205] In addition, phage vectors containing
replicon and control sequences that are compatible
with the host microorganism can be used as
transforming vectors in connection with these hosts
For example, the phage lambda GEM(tm)-1 1 may be
utilized in making a recombinant phage vector which
can be used to transform host cells, such as E coli
LE392 [00206] Further useful vectors include pFN
vectors (Inouye et al , 1985), and pGEX vectors, for
use in generating glutathione S-transferase (GST)
soluble fusion proteins for later purification and
separation or cleavage Other suitable fusion proteins
are those with -galactosidase, ubiquitin, and the like
[00207] Promoters that are most commonly used in
recombinant DNA construction include the -lactamase
(penicillinase), lactose and tryptophan (trp) promoter
systems While these are the most commonly used,
othermicrobial promoters have been discovered and
utilized, and details concerning their nucleotide
sequences have been published, enabling those of skill
m the art to ligate them functionally with plasmid
vectors [00208] The following details concerning
recombinant protein production in bacterial cells,
such as E coh, are provided by way of exemplary
information on recombinant protein production in
general, the adaptation of which to a particular
recombinant expression system will be known to those
of skill in the art [00209] Bacterial cells, for
example, E coli, containing the expression vector are
grown in any of a number of suitable media, for
example, LB. The expression of the recombinant protein
maybe induced, e g , by adding IPTG to the media or by
switching incubation to a higher temperature After
culturing the bacteria for a further period, generally
of between 2 and 24 hours (h), the cells are collected
by centrifugation and washed to remove residual media
[00210] The bacterial cells are then lysed, for
example, by disruption in a cell homogemzer and
centpfuged to separate the dense inclusion bodies and
cell membranes from the soluble cell components This
centrifugation can be performed under conditions
whereby the dense inclusion bodies are selectively
enriched by incorporation of sugars, such as sucrose,
into the buffer and centrifugation at a selective
speed [00211] If the recombinant protein is expressed
m the inclusion bodies, as is the case m many
instances, these can be washed in any of several
solutions to remove some of the contaminating host
proteins, then solubihzed in solutions containing high
concentrations of urea (e g , 8 M) or chaotropic
agents such as guanidine hydrochloride in the presence
of reducing agents, such as b-mercaptoethanol or DTT
(dithiothreitol) [00212] It is contemplated that the
polypeptides produced by the methods described herein
can be overexpressed, i e , expressed in increased
levels relative to its natural expression m cells Such
overexpression can be assessed by a variety of
methods, including radio-labeling and/or protein
purification However, simple and direct methods are
preferred, for example, those involving SDS/PAGE and
protein staining or western blotting, followed by
quantitative analyses, such as densitometric scanning
of the resultant gel or blot A specific increase m the
level of the recombinant protein, polypeptide or
peptide in comparison to the level in natural cells is
indicative of overexpression, as is a relative
abundance of the specific polypeptides in relation to
the other proteins produced by the host cell and, e g
, visible on a gel. [00213] Expression vectors
provided herein comprise a polynucleotide encoding
modified DT or a fusion protein thereof in a form
suitable for expression of the polynucleotide m a host
cell The expression vectors generally have one or more
regulatory sequences, selected on the basis of the
host cells to be used for expression, which is
operatively linked to the polynucleotide sequence to
be expressed It will be appreciated by those skilled m
the art that the design of the expression vector can
depend on such factors as the choice of the host cell
to be transformed, the level of expression of protein
desired, and the like The expression vectors descpbed
herein can be introduced into host cells to produce
proteins, including fusion proteins, encoded by
polynucleotides as described herein (e g., a modified
DT or a DT fusion protein, and the like) [00214]
Expression vectors can be designed for expression of a
modified DT or a DT fusion protein in prokaryotic or
eukaryotic cells The presence of a single DT gene
mside a eukaryotic cell would kill the cell
Specifically, the toxin binds to EF-tu which is
required for translation and nbosylation Accordingly,
DT can only be expressed in eukaryotic cells with
modified EF-tu that is no longer recognized by DT
(see, e g., Lm et al., Protein Expr Purif, 30 262-274
(2003), Phan et al , J Biol Chem , 268(12) 8665-8
(1993), Chen et al , MoI Cell Biol , 5(12) 3357-60
(1985), Kohne et al , Somat Cell MoI Genet ,
11(5)-421-31 (1985), Moehpng et al , MoI Cell Biol ,
4(4) 642-50 (1984)) In addition, a modified DT or a
fusion protein thereof can be expressed in bacterial
cells such as E coh (Bishai et al , J Bacterid 169(1
1) 5140-5 1 (1987)) Consideration is given to the
expression and activity of the typesand levels of host
protease expression, and this is dependent upon the
cleavage site present in the engineered DT toxophore.
The innate expression host protease expression profile
could negatively impact the yields of DT fusion 



toxin produced (Bishai et al., supra (1987)). To the
degree that this requisite cleavage site can be
altered to modulate the cell selectivity of resultant
fusion proteins, it is envisioned that such cleavage
site mutants could be in VLSmodified toxophores
(Gordon et al., Infect Immun, 63(l):82-7 (1995);
Gordon et al , Infect Immun, 62(2) 333-40 (1994);
Vallera et al., J Natl. Cancer Inst , 94 597-606
(2002), Abi-Habib et al., Blood., 104(7):2143-8
(2004)). Alternatively, the expression vector can be
transcribed and translated in vitro. [00215J The
present application further provides gene delivery
vehicles for the delivery of polynucleotides to cells,
tissue, or a mammal for expression. For example, a
polynucleotide sequence of the present invention can
be administered either locally or systemically in a
gene delivery vehicle These constructs can utilize
viral or non-viral vector approaches m in vivo or ex
vivo modality. Expression of such coding sequences can
be induced using endogenous mammalian or heterologous
promoters. Expression of the coding sequence in vivo
can be either constitutive or regulated The invention
includes gene delivery vehicles capable of expressing
the contemplated polynucleotides including viral
vectors. For example, Qiao et al developed a system
employing PG13 packaging cells produce recombinant
retroviruses carrying a DT fragment which kills cancer
cell and provides a method for using DT as component a
suicide vector Qiao et al , J. Virol 76(14):7343-8
(2002). [00216] Expressed DT-mutants and DT-fiision
proteins can be tested for their functional activity.
Methods for testing DT activity are well-known in the
art. For example, the VLS effect of DT-mutants and
DT-fusion proteins can be tested in HUVECs as descpbed
in Example 2. The ribosyltransferase activity of DT
vapants or DT-fusion proteins can be tested by the
ribosyltransferase assay described m Example 3. The
cytotoxicity of DT variants or DT-fusion proteins can
be tested as described in Example 4. [00217] The
present application also provides purified, and in
preferred embodiments, substantially purified,
polypeptides expressed using one or more of the
methods described herein. The term "purified" as used
herein, is intended to refer to a protemaceous
composition, isolatable from mammalian cells or
recombinant host cells, wherein at least one
polypeptide is purified to any degree relative to its
naturally-obtainable state, i.e , relative to its
purity withm a cellular extract. A purified
polypeptide therefore also refers to a wild-type or
modified polypeptide free from the environment in
which it naturally occurs [00218] Where the term
"substantially purified" is used, this will refer to a
composition in which the specific polypeptide forms
the major component of the composition, such as
constituting about 50% of the proteins in the
composition or more. In one embodiment, a
substantially purified polypeptide will constitute
more than about 60%, about 70%, about 80%, about 90%,
about 95%, about 99% or even more of the polypeptides
m the composition. [00219] A polypeptide that is
"purified to homogeneity," as applied to the present
invention, means that the polypeptide has a level of
purity where the polypeptide is substantially free
from other proteins and biological components. For
example, a purified polypeptide will often be
sufficiently free of other protein components so that
degradative sequencing can be performed. [00220]
Various methods for quantifying the degree of
purification of polypeptides will be known to those of
skill m the art m light of the present disclosure.
These include, for example, determining the specific
protein activity of a fraction, or assessing the
number of polypeptides withm a fraction by gel
electrophoresis [00221] To purify a desired
polypeptide, a natural or recombinant composition
comprising at least some specific polypeptides will be
subjected to fractionation to remove various other
components from the composition In addition to those
techniques described in detail herein below, various
other techniques suitable for use in protein
purification will be well known to those of skill in
the art These include, for example, precipitation with
ammoniumsulfate, PEG, antibodies and the like or by
heat denaturation, followed by centpfugation,
chromatography steps such as ion exchange, gel
filtration, reverse phase, hydroxylapatite, lectin
affinity and other affinity chromatography steps;
isoelectric focusing, gel electrophoresis; and
combinations of such and other techniques [00222]
Another example is the purification of a specific
fusion protein using a specific binding partner. Such
purification methods are routine in the art As the
present invention provides DNA sequences for the
specific proteins, any fusion protein purification
method can now be practiced This is exemplified by the
generation of a specific protein-glutathione
S-transferase fusion protein, expression m E csh, and
isolation to homogeneity using affinity chromatography
on glutathione-agarose or the generation of a
polyhistidine tag on the N- or C-terminus of the
protein, and subsequent purification using Ni-affinity
chromatography However, given many DNA and proteins
are known, or may be identified and amplified using
the methods described herein, any purification method
can now be employed. [00223] There is no general
requirement that the polypeptides always be provided
in their most purified state. Indeed, it is
contemplated that less substantially purified
polypeptides which are nonetheless enriched in the
desired protein compositions, relative to the natural
state, will have utility in certain embodiments
Polypeptides exhibiting a lower degree of relative
purification may have advantages in total recovery of
protern product, or in maintaining the activity of an
expressed protein. [00224] Provided herein is a method
for making a composition comprising (a) constructing a
vector comprising a polynucleotide which encodes a
polypeptide having an amino acid sequence of SEQ ID
NOS 4-147 or a polypeptide having two or more of such
modifications, and (b) causing said polypeptide to be
expressed in a host cell comprising said vector. In
one embodiment, a composition produced by such a
method, wherein said composition has a reduced binding
activity to human vascular endothelial cells (HUVEC)
compared to a DT molecule having a sequence of SEQ ID
NO. 2 or 200 Further provided herein is a method for
making a composition comprising: (a) constructing a
vector comprising a polynucleotide which encodes a
toxin having at least one T-cell epitope modification,
and (b) causing said polypeptide to be expressed in a
host cell comprising said vector. In one embodiment, a
composition produced by such a method wherein the
toxin is DT. In one embodiment, a composition produced
by such a method, wherein said composition has a
reduced immunogenicity compared to a DT molecule
having a sequence of SEQ ID NO: 2 or 200 [00225]
Provided herein is a method for making a modified
toxin having a reduced immunogenicity compared to an
unmodified toxin, said method comprising the step of
(a) constructing a vector comprising a nucleic acid
sequence encoding a toxin, said modified diphtheria
toxin comprising a diphtheria toxin having an amino
acid sequence as recited in SEQ ID NO: 2 with one or
more ammo acid modifications therein, wherein at least
one ammo acid modification is made within a T-cell
epitope, and wherein said modified diphtheria toxin
has cytotoxicity comparable to an unmodified
diphtheria toxin and (b) causing said polypeptide to
be expressed in a host cell comprising said vector.
[00226] Further embodiments include a method for
making a modified diphtheria toxin having a reduced
immunogenicity and reduced binding activity to human
vascular endothelial cells (HUVEC) compared to an
unmodified diphtheria toxin, said method comprising
the step of: (a) constructing a vector comprising a
nucleic acid sequence encoding a modified diphtheria
toxin, said modified diphtheria toxin comprising a
diphtheria toxin having an amino acid sequence as
recited in SEQ ID NO 2 or 200 with one or more amino
acid modifications therein, wherein at least one amino
acid modification is made within a T-cell epitope,
within an (x)D(y) motif in a region selected from the
group consisting of residues 7-9, 29-31 and 290-292 of
SEQ ID NO: 2 or 200, within a B-cell epitope, or
combinations thereof, and wherein said modified
diphtheria toxin has cytotoxicity comparable to
anunmodified diphtheria toxin, and (b) causing said
polypeptide to be expressed m a host cell comprising
said vector In one non-limiting example, a modified
VLS (x)D/E(y) motif can be a modification at position
(x) that is a substitution of V or I by an amino acid
residue selected from among A, S, E, F, C, M, T,W, Y,
P, H, Q, D, N, K, R, G, L and a modified or unusual
amino acid from Table 1, and wherein a modification at
position D/E is a substitution of D/E by an ammo acid
residue selected from among A, S, E, I, V, L, F, C, M,
G, T,W, Y, P, H, Q, N, K, R and a modified or unusual
amino acid from Table 1 In one embodiment, a
modification at position (y) is a substitution by I,
F, C,M, A, G, T,W, Y, P, H, E, Q, D, N, K, R, S, L, V,
and a modified or unusual amino acid from Table 1
[00227] Unmodified diphtheria toxins can have, for
example, an amino acid sequence of SEQ ID NO 2, 200 or
an ammo acid sequence of any one of SEQ ID NOS 4-147
[00228] Bacterial and plant holotoxins often contain
two disulfide-bonded chains, the A and B chains The B
chain carries both a cell-binding region (whose
receptor is often uncharacterized) and a translocation
region, which facilitates the insertion of the A chain
through the membrane of an acid intracellular
compartment into the cytosol The A chain then kills
the cell after incorporation For their use in vivo,
the hgand and toxin are coupled in such a way as to
remain stable while passing through the bloodstream
and the tissues and yet be labile withm the target
cell so that the toxic portion can be released into
the cytosol However, it may be desirable from a
pharmacologic standpoint to employ the smallest
molecule possible that nevertheless provides an
appropriate biological response One can, thus, desire
to employ smaller A chain peptides which will provide
an adequate anti-cellular response To this end, DT can
be "truncated ' and still retam an adequate toxm
activity. It is proposed that where desired, this
truncated A chain can be employed m fusion proteins m
accordance with the embodiments described herein
[00229] Alternatively, one may find that the
application of recombinant DNA technology to the toxin
moiety may provide additional benefits In that
biologically active DT has now been cloned and
recombmanfiy expressed, it is now possible to identify
and prepare smaller or otherwise variant peptides
which nevertheless exhibit an appropriate toxin
activity Moreover, the fact that DT has now been
cloned allows the application of site-directed
mutagenesis through which one can readily prepare and
screen for DT A chain, toxm-depved peptides and obtain
additional useful moieties for use in connection with
the presently described compounds Once identified,
these moieties can be mutated to produce toxins
exhibiting a reduced ability to promote VLS, EC
damaging activity and/or other effects of such
sequences described herein or known to one of skill in
the art [00230] Provided herein is a fusion protein
comprising a modified diphtheria toxm made by such
methods and a 



non- diphtheria toxin polypeptide, wherein said non-
diphtheria toxin polypeptide is selected from among an
antibody or antigen-binding fragment thereof, EGF,
IL-I, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL- 11, IL-12, IL-13, IL-14, IL-15, INF , INFg,
GM-CSF, G-CSF, M CSF, TNF, VEGF, Ephrin, BFGF, TGF,
and a cell-binding portion thereof In one embodiment,
the non-diphtheria toxin polypeptide is, for example,
IL-2 or a cell binding portion thereof In certain
embodiments, the fusion protein or toxin further
comprises at least another agent Such an agent can be
a molecule or moiety including, but not limited to, at
least one effector (therapeutic moiety) or reporter
molecule (a detectable label) as descpbed elsewhere
herein IX. DETECTABLE LABELS [00231] The present
invention provides fusion proteins against target
epitopes, such as epitopes expressed on a diseased
tissue or a disease causing cell (e g , IL-2 receptors
on cancer cells) In certain embodiments the fusion
protein comprises a modified DT described herein In
other embodiments the fusion protein further comprises
a second agent Such an agent can be a molecule or
moiety such as, for example, a reporter molecule or a
detectable label Reporter molecules are any moiety
which can be detected using an assay Non-hmitmg
examples of reportermolecules which have been
conjugated to polypeptides include enzymes,
radiolabels, haptens, fluorescent labels,
phosphorescent molecules, chemilumine scent molecules,
chromophores, luminescent molecules, photoaff nity
molecules, colored particles or hgands, such as biotm
Detectable labels include compounds and/or elements
that can be detected due to their specific functional
properties, and/or chemical characteristics, the use
of which allows the polypeptide to which they are
attached to be detected, and/or further quantified if
desired Many appropriate detectable (imaging) agents
are known in the art, as are methods for their
attachment to polypeptides (see, for e g , U S Pat Nos
5,021,236, 4,938,948, and 4,472,509, each incorporated
herein by reference) The imaging moieties used can be
paramagnetic ions, radioactive isotopes,
fluorochromes, NMR-detectable substances, X-ray
imaging Molecules containing azido groups can also be
used to form covalent bonds to proteins through
reactive nitrene intermediates that are generated by
low intensity ultraviolet light (Potter & Haley, 1983)
In particular, 2- and 8- azido analogues of purine
nucleotides have been used as site-directed
photoprobes to identify nucleotide binding proteins in
crude cell extracts (Owens & Haley, 1987, Atherton et
al , 1985) The 2- and 8-azido nucleotides have also
been used to map nucleotide binding domains of
purified proteins (Khatoon et al , 1989, King et al ,
1989, and Dholakia et al , 1989) and can be used as
polypeptide binding agents X. COMPOSITIONS AND
THERAPEUTIC USES [00232] Each of the compounds
described herein can be used as a composition when
combined with an acceptable carrier or excipient Such
compositions are useful for in vitro analysis or for
administration to a subject in vivo or ex vivo for
treating a subject with the disclosed compounds
[00233] Thus pharmaceutical compositions can comprise,
in addition to active ingredient, a pharmaceutically
acceptable excipient, carrier, buffer, stabilizer or
other materials well known to those skilled in the art
Such materials should be non-toxic and should not
interfere with the efficacy of the active ingredient
The precise nature of the carrier or other material
will depend on the route of administration [00234]
Pharmaceutical formulations comprising a protein of
interest, e g , an antibody, identified by the methods
described herein can be prepared for storage by mixing
the protein having the desired degree of purity with
optional physiologically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical
Sciences 16th edition, Osol, A Ed (1980)), in the form
of lyophihzed formulations or aqueous solutions
Acceptable carriers, excipients, or stabilizers are
nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids,
antioxidants including ascorbic acid and methionine,
preservatives (such as octadecyldimethylbenzyl
ammonium chloride, hexamethomum chloride, benzalkomum
chloride, benzethomum chloride, phenol, butyl or
benzyl alcohol, alkyl parabens such as methyl or
propyl paraben, catechol, resorcmol, cyclohexanol,
3-pentanol, and m-cresol), low molecular weight (less
than about 10 residues) polypeptides, proteins, such
as serum albumin, gelatin, or immunoglobulins,
hydrophilic polymers such as polyvinylpyrrolidone,
amino acids such as glycine, glutamine, asparagine,
histidme, arginine, or lysine, monosaccharides,
disacchapdes, and other carbohydrates including
glucose, mannose, or dextrms, chelating agents such as
EDTA, sugars such as sucrose, mannitol, trehalose or
sorbitol, salt-forming counter-ions such as sodium,
metal complexes (e g , Zn-protem complexes), and/or
non-ionic surfactants such as TWEEN(r), PLURONICS(r)
or polyethylene glycol (PEG) [00235] The formulation
described herein can also contain more than one active
compound as necessary for the particular indication
being treated Such molecules are suitably present in
combination in amounts that are effective for the
purpose intended [00236] Acceptable carriers are
physiologically acceptable to the administered patient
and retain the therapeutic properties of the compounds
with/m which it is administered Acceptable carriers
and their formulations are and generally described in,
for example, Remington' pharmaceutical Sciences (18th
Edition, ed A Gennaro, MackPublishing Co , Easton, PA
1990) One exemplary carrier is physiological saline
The phrase "pharmaceutically acceptable carrier" as
used herein means a pharmaceutically acceptable
material, composition or vehicle, such as a liquid or
solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or
transporting the subject compounds from the
administration site of one organ, or portion of the
body, to another organ, or portion of the body, or in
an in vitro assay system. Each carrier must be
"acceptable" in the sense of being compatible with the
other ingredients of the formulation and not injurious
to a subject to whom it is administered. Nor should an
acceptable carrier alter the specific activity of the
subject compounds. Exemplary carriers and excipients
have been provided elsewhere herein. [00237] In one
aspect, provided herein are pharmaceutically
acceptable or physiologically acceptable compositions
including solvents (aqueous or non-aqueous),
solutions, emulsions, dispersion media, coatings,
isotonic and absorption promoting or delaying agents,
compatible with pharmaceutical administration.
Pharmaceutical compositions or pharmaceutical
formulations therefore refer to a composition suitable
for pharmaceutical use in a subject The pharmaceutical
compositions and formulations include an amount of a
compound descpbed herein, for example, an effective
amount of modified fusion protein described herein,
and a pharmaceutically or physiologically acceptable
carrier. [00238] Compositions can be formulated to be
compatible with a particular route of administration,
systemic or local. Thus, compositions include
carriers, diluents, or excipients suitable for
administration by various routes. Pharmaceutical
compositions for oral administration may be in tablet,
capsule, powder or liquid form A tablet may comprise a
solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally comprise a
liquid carrier such as water, petroleum, animal or
vegetable oils, mineral oil or synthetic oil
Physiological saline solution, dextrose or other
saccharide solution or glycols such as ethylene
glycol, propylene glycol or polyethylene glycol may be
included. [00239] In a further embodiment, the
compositions can further comprise, if needed, an
acceptable additive in order to improve the stability
of the compounds in composition and/or to control the
release rate of the composition. Acceptable additives
do not alter the specific activity of the subject
compounds. Exemplary acceptable additives include, but
are not limited to, a sugar such as mannitol,
sorbitol, glucose, xylitol, trehalose, sorbose,
sucrose, galactose, dextran, dextrose, fructose,
lactose and mixtures thereof Acceptable additives can
be combined with acceptable carriers and/or excipients
such as dextrose. Alternatively, exemplary acceptable
additives include, but are not limited to, a
surfactant such as polysorbate 20 or polysorbate 80 to
increase stability of the peptide and decrease gellmg
of the solution. The surfactant can be added to the
composition in an amount of 0 01% to 5% of the
solution Addition of such acceptable additives
increases the stability and half-life of the
composition in storage [00240] The pharmaceutical
composition can be administered subcutaneously,
intramuscularly, lntrapeptoneally, orally or
intravenously Aerosol delivery of the compositions is
also contemplated herein using conventional methods
For example, intravenous delivery is now possible by
cannula or direct injection or via ultrasound guided
fine needle. Mishra (Mishra et al , Expert Opin.
Biol., 3(7) 1173-1 180 (2003)) provides for
intratumoral injection. [00241] Formulations for
enteral (oral) administration can be contained in a
tablet (coated or uncoated), capsule (hard or soft),
microsphere, emulsion, powder, granule, crystal,
suspension, syrup or elixir Conventional non-toxic
solid carriers which include, for example,
pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum,
cellulose, glucose, sucrose, magnesium carbonate, can
be used to prepare solid formulations. Supplementary
active compounds (e g , preservatives, antibacterial,
antiviral and antifungal agents) can also be
incorporated into the formulations. A liquid
formulation can also be used for enteral
administration. The carrier can be selected from
various oils including petroleum, animal, vegetable or
synthetic, for example, peanutoil, soybean oil,
mineral oil, sesame oil Suitable pharmaceutical
excipients include e g , starch, cellulose, talc,
glucose, lactose, sucrose, gelatin, malt, pce, flour,
chalk, silica gel, magnesium stearate, sodium
stearate, glycerol monostearate, sodium chloride,
dried skim milk, glycerol, propylene glycol, water,
ethanol [00242] Compositions for injection include
aqueous solutions (where water soluble) or dispersions
and sterile powders for the extemporaneous preparation
of steple injectable solutions or dispersions For
intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor
EL(tm) (BASF, Parsippany, N J ) or phosphate buffered
salme (PBS) The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol
(for example, glycerol, propylene glycol, and liquid
polyetheylene glycol, and the like), and suitable
mixtures thereof Fluidity can be maintained, for
example, by the use of a coating such as lecithin, by
the maintenance of the required particle size in the
case of dispersion and by the use of surfactants
Antibacterial and antifungal agents include, for
example, parabens, chlorobutanol, phenol, ascorbic
acid and thimerosal Isotonic agents, for example,
sugars, polyalcohols such as mamtol, sorbitol, and
sodium chloride may be included in the composition.
The resulting solutions can be packaged for use as is,
or lyophihzed, the lyophilized preparation can later
be combined with a steple solution prior to
administration [00243] Compositions can be
conventionally administered intravenously, such as by
injection of a unit dose, for 



example For injection, an active mgredient can be m
the form of a parenterally acceptable aqueous solution
which is substantially pyrogen- free and has suitable
pH, isotonicity and stability One can prepare suitable
solutions usmg, for example, isotonic vehicles such as
Sodium Chloride Injection, Ringer's Injection,
Lactated Ringer's Injection Preservatives,
stabilizers, buffers, antioxidants and/or other
additives may be included, as required [00244] In one
embodiment, the composition is lyophihzed When the
compositions are considered for medicaments, or use m
any of the methods provided herein, it is contemplated
that the composition can be substantially free of
pyrogens such that the composition will not cause an
inflammatory reaction or an unsafe allergic reaction
[00245] Acceptable carriers can contain a compound
that stabilizes, increases or delays absorption or
clearance Such compounds include, for example,
carbohydrates, such as glucose, sucrose, or dextrans,
low molecular weight proteins, compositions that
reduce the clearance or hydrolysis of peptides, or
excipients or other stabilizers and/or buffers Agents
that delay absorption include, for example, aluminum
monostearate and gelatin Detergents can also be used
to stabilize or to increase or decrease the absorption
of the pharmaceutical composition, including liposomal
carriers To protect from digestion the compound can be
complexed with a composition to render it resistant to
acidic and enzymatic hydrolysis, or the compound can
be complexed in an appropriately resistant carrier
such as a liposome Means of protecting compounds from
digestion are known in the art (see, e g , Fix (1996)
Pharm Res 13 1760 1764, Samanen (1996) J Pharm
Pharmacol 48 119 135, and U S Pat No 5,391,377,
describing lipid compositions for oral delivery of
therapeutic agents) [00246] For intravenous,
injection, or injection at the site of affliction, the
active ingredient will be m the form of a parenterally
acceptable aqueous solution which is pyrogen- free and
has suitable pH, isotonicity and stability Those of
relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic
vehicles such as Sodium Chloride Injection, Ringer's
Injection, Lactated Ringer's Injection Preservatives,
stabilizers, buffers, antioxidants and/or other
additives may be included, as needed [00247] The
phrase "pharmaceutically acceptable" refers to
molecular entities and compositions that are
physiologically tolerable and do not typically produce
an allergic or similar untoward reaction, such as
gastric upset, dizziness and the like, when
administered to a human[00248] The term "unit dose"
when used in reference to a therapeutic composition
refers to physically discrete units suitable as
unitary dosage for humans, each unit containing a
predetermined quantity of active material calculated
to produce the desired therapeutic effect in
association with the required diluent; i.e., carrier,
or vehicle. [00249] The compositions can be
administered in a manner compatible with the dosage
formulation, and in a therapeutically effective
amount. The quantity to be administered depends on the
subject to be treated, capacity of the subject's
immune system to utilize the active ingredient, and
degree of binding capacity desired. Precise amounts of
active ingredient required to be administered depend
on the judgment of the practitioner and are peculiar
to each individual. Suitable regimes for initial
administration and booster shots are also variable,
but are typified by an initial administration followed
by repeated doses at one or more hour intervals by a
subsequent injection or other administration.
Alternatively, continuous intravenous infusion
sufficient to maintain concentrations often nanomolar
to ten micromolar in the blood are contemplated.
[00250] A physician or veterinarian can readily
determine and prescribe the "effective amount" (ED5 )
of the composition required. For example, the
physician or veterinarian could start doses of the
compounds employed in the composition at levels lower
than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage
until the desired effect is achieved. [00251] A
"therapeutically effective amount" as used herein, is
an amount that achieves at least partially a desired
therapeutic or prophylactic effect in an organ or
tissue. In one example, the amount of a modified DT
necessary to bring about prevention and/or therapeutic
treatment of the disease is not fixed per se. The
amount of modified DT fusion toxin administered will
vary with the type of disease, extent of the disease,
and size of species of the mammal suffering from the
disease. Generally, amounts will be in the range of
those used for other cytotoxic agents used in the
treatment of cancer, although in certain instances
lower amounts will be needed because of the
specificity and increased toxicity of the modified DT
fusion toxins. In certain circumstances and as can be
achieved by, currently available techniques for
example (cannulae or convection enhanced delivery,
selective release) attempts to deliver enhanced
locally elevated fusion toxin amounts to specific
sites may also be desired. (Laske et al., J
Neurosurg., 87:586-5941(997); Laske et al., Nature
Medicine, 3:1362-1368 (1997), Rand et al., Clin.
Cancer Res., 6:2157-2165 (2000); Engebraaten et al., J
. Cancer, 97:846-852 (2002), Prados et al., Proc.
ASCO, 21:69b (2002), Pickering et al., J CLin Invest,
91(2):724-9 (1993)). [00252] One embodiment
contemplates the use of the compositions described
herein to make a medicament for treating a condition,
disease or disorder described herein. Medicaments can
be formulated based on the physical characteristics of
the patient/subject needing treatment, and can be
formulated in single or multiple formulations based on
the stage of the condition, disease or disorder.
Medicaments can be packaged in a suitable package with
appropriate labels for the distribution to hospitals
and clinics wherein the label is for the indication of
treating a subject having a disease described herein.
Medicaments can be packaged as a single or multiple
units. Instructions for the dosage and administration
of the compositions can be included with the packages
as described below. [00253] The invention is further
directed to pharmaceutical compositions comprising a
modified toxin or fusion protein thereof described
hereinabove and a pharmaceutically acceptable carrier.
[00254] Sterile injectable solutions can be prepared
by incorporating an active ingredient in the required
amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as
required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating
the active ingredient into a sterile vehicle which
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of
preparation are vacuumdrying and freeze drying which
yields a powder of the active ingredient plus any
additional desired ingredient from a previously
steple-filtered solution thereof [00255] In certain
embodiments is the further purification of this
mixture to obtain preparations essentially comprising
fusion proteins This purification is accomplished by
further chromatographic separation which can be
accomplished by affinity chromatography for example,
using a salt gradient to elute the various species of
lmmunotoxms and gel filtration to separate the
lmmunotoxms from larger molecules [00256] A gel to be
used m purification of compounds described herein is a
three dimensional network which has a random structure
Molecular sieve gels are those cross-linked polymers
that do not bind or react with the material being
analyzed or separated For gel filtration purposes, a
gel material is generally uncharged The space within
the gel is filled with liquid and the liquid phase
constitutes the majority of the gel volume Materials
commonly used in gel filtration columns include
dextran, agarose and polyacrylamide [00257] Dextran is
a polysaccharide composed of glucose residues and is
commercially available under the name SEPHADEX
(Phamacia Fine Chemicals, Inc ) The beads are prepared
with various degrees of cross-linking in order to
separate different sized molecules by providing
various pore sizes Alkyl dextran is cross-linked with
N5N'- methylenebisacrylamide to form SEPHACRYL-SIOO to
SlOOO which allows strong beads to be made that
fractionate in larger ranges than SEPHADEX can achieve
[00258] Polyacrylamide can also be used as a gel
filtration medium Polyacrylamide is a polymer of
cross-linked acrylamide prepared with
N,N'-methylenebisacrylamide as the cross-linkmg agent
Polyacrylamide is available in a variety of pore sizes
fromBio-Rad Laborato pes (USA) to be used for
separation of different size particles [00259] The gel
material swells in water and m a few organic solvents
Swelling is the process by which the pores become
filled with liquid to be used as eluant As the smaller
molecules enter the pores, their progress through the
gel is retarded relative to the larger molecules which
do not enter the pores, forming the basis of the
separation The beads are available in various degrees
of fineness to be used in different applications The
coarser the bead, the faster the flow and the poorer
the resolution Superfine can be used for maximum
resolution, but the flow is very slow Fine is used for
preparative work in large columns which require a
faster flow rate The coarser grades are for large
preparations in which resolution is less important
than time, or for separation of molecules with a large
difference in molecular weights [00260] Affinity
chromatography is generally based on the recognition
of a protein by a substance such as a hgand or an
antibody The column material can be synthesized by
covalently coupling a binding molecule, such as an
activated dye, for example to an insoluble matrix The
column material is then allowed to adsorb the desired
substance from solution Next, the conditions are
changed to those under which binding does not occur
and the substrate is eluted The requirements for
successful affinity chromatography are that the matrix
must adsorb molecules, the hgand must be coupled
without altering its binding activity, a hgand must be
chosen whose binding is sufficiently tight, and it
must be possible to elute the substance without
destroying it [00261] One embodiment of the compounds
described herein is an affinity chromatography method
where the matrix is a reactive dye-agarose matrix
Blue-SEP HAROSE, a column matrix composed of Cibacron
Blue 3GA and agarose or SEPHAROSE can be used as the
affinity chromatography matrix Alternatively,
SEPHAROSE CL-6B is available as Reactive Blue 2 from
Sigma Chemical Company This matrix binds fusion
proteins directly and allows therr separation by
elution with a salt gradient [00262] Provided herein
are compositions containing modified toxins In one
embodiment, modified toxins comprise diphtheria
toxins, said modified diphtheria toxin comprising an
amino acid sequence as recited in SEQ ID NO 2 or 200
with one or more amino acid modifications therein,
wherein at least one ammo acid modification ismade
withm a T-cell epitope, within an (x)D/E(y) motif in a
region selected from among residues 7-9, 29-31 and
290-292 of SEQ ID NO: 2 or 200, within a B-cell
epitope, or a combination thereof, and wherein said
modified diphtheria toxin has cytotoxicity comparable
to an unmodified diphtheria toxin. In one non-limiting
example, a 



modified VLS (x)D/E(y) motif includes a modification
at position (x) that is a substitution of V or I by an
amino acid residue selected from among A, S, E, F, C,
M, T,W, Y, P, H, Q, D, N, K, R, G, L, and a modified
or unusual amino acid from Table 1, and wherein a
modification at position D/E is a substitution of D or
E by an ammo acid residue selected from among A, S, E,
I, V, L, F, C, M, G, T,W, Y, P, H, Q, N, K, R, and a
modified or unusual amino acid from Table 1 In one
embodiment, a modification at position (y) is a
substitution by I, F, C, M, A, G, T, W, Y, P, H, E, Q,
D, N, K, R, S, L, V, and a modified or unusual amino
acid from Table 1 [00263] Unmodified diphtheria toxins
can have, for example, an amino acid sequence of SEQ
ID NO 2, 200 or an amino acid sequence of any one of
SEQ ID NOS 4-147 [00264] Compositions comprising
modified diphtheria toxins, said have reduced
immunogenicity, reduced binding activity to human
vascular endothelial cells (HUVECs), and combinations
thereof compared to an unmodified diphtheria toxin.
Such compositions can further comprise a non-diphthepa
toxm polypeptide including, but not limited to, an
antibody or antigen-bindmg fragment thereof, EGF,
IL-I, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL- 9,
IL-10, IL-1 1, IL-12, IL-1 3, IL- 14, IL-15, INFo,
INFg, GM-CSF, G-CSF, M-CSF, TNF, VEGF, Ephrin, BFGF
and TGF The non-diphtheria toxin polypeptide can also
be a fragment of such polypeptides, such as a
cell-binding portion thereof. In one embodiment, the
non-diphtheria toxin polypeptide is IL-2 or a cell
binding portion thereof [00265] Modified toxms and
fusion proteins thereof having reduced immunogenicity,
reduced binding to HUVECs, or a combination thereof
while maintaining the cytotoxicity can be used for the
treatment of various lymphoiddenved malignancies (e.g
, cancers), solid tumors and non-malignant diseases
such as GVHD or psoriasis [00266] In an exemplary
embodiment, the T-cell epitope modified DT fusion
toxins of the invention are administered to a subject
such as a mammal (e.g., a human), suffering from a
medical disorder, e.g , a cancer such as a T cell
lymphoma, or non-malignant conditions characterized by
the presence of a class of unwanted cells to which a
targeting hgand can selectively bind [00267]
Denileukin diftitox has been shown to be effective in
treating a subject having previously treated cutaneous
T-cell lymphoma (Chin and Foss (2006) Cluneal Lymphoma
and Myeloma, 7(3): 199-204; Talpur et al (2006) J
Investigative Dermatology 126. 575-583). Briefly,
denileukin diftitox was administered intravenously for
3 or 5 consecutive days a dose of 4 mg/kg/day, 9
mg/kg/day or 18 mg/kg/day for 3-21 cycles. An overall
response rate of 51% was observed. Denileukin diftitox
has been approved by the FDA for treatment of
cutaneous T cell lymphoma in the United States.
[00268] Provided herein is a method of treating a
subject having cutaneous T-cell lymphoma by
administering a modified DT fusion protein as
described herein [00269] Denileukin diftitox has been
shown to be effective in treating subjects having
relapsed/refractory T-cell and B-cell non-Hodgkm
lymphoma (Dang et al. (2006) Br J. Haematology 136:
439-447; Dang et al. (2004) J. Clin. Oncol. 22-
4095-4102) Briefly, eligible patients received
denileukin diftitox (18 mg/kg/day) for 5 days every
three weeks for up to eight cycles Such a regimen was
well tolerated in patients and was effective in
treating relapsed/refractory T-cell and B-cell
non-Hodgkin lymphoma [00270] Provided herein is a
method of treating a subject having
relapsed/refractory T-cell or B-cell non-Hodgkm
lymphoma by administering a modified DT fusion protein
as described herein. [00271] In a Phase II clinical
study, it was shown that ONTAK(r) in combination with
ptuximab was significantly effective in treating
patients having relapsed/refractory B-cell non-Hodgkm
lymphoma. Therefore, provided hereinis a method of
treating a subject having relapsed/refractory B-cell
non-Hodgkin lymphoma by administering a modified DT
fusion protein as described herein. [00272] Denileukin
diftitox has been shown to be effective in treating a
subject having panniculitic T-cell lymphoma (McGinnis
et al. (2002) Arch. Dermatol. 138: 740-742). Briefly,
a female patient previously treated with bexarotene
and interferon alpha relapsed within 2 months of
therapy. The patient was then treated with 1 cycle of
intravenous denileukin diftitox (9 mg/kg/day for 5
days). Clinical remission was observed with resolution
of all cutaneous disease, and constitutional symptoms
was achieved 2 weeks after the completion of the third
cycle of denileukin diftitox. [00273] Provided herein
is a method of treating a subject having panniculitic
T-cell lymphoma by administering a modified DT fusion
protein as described herein. In one non-limiting
embodiment, if needed, the subject can be treated in
combination with one or more other therapies, such as,
for example, bexarotene and/or interferon alpha.
[00274] Denileukin diftitox has been shown to be
effective in treating a subject having extranodal
natural killer/T cell lymphoma, nasal type (Kerl et
al. (2006) Br. J . Dermatology, 154: 988-991).
Briefly, a 58-year old male with rapidly progressive
Epstein-Barr virus-positive nasal type extranodal
natural killer/T cell lymphoma was treated with a
combination of bexarotene and denileukin diftitox. A
significant regression of the cutaneous tumors was
observed after a first cycle of denileukin diftitox
and was maintained for a period of 5 months with
monthly cycles of denileukin diftitox. 100275]
Provided herein is a method of treating a subject
having extranodal natural killer/T cell lymphoma,
nasal type by administering a modified DT fusion
protein as described herein in combination with
bexarotene. [00276] Denileukin diftitox has been shown
to be effective in treating a subject having
previously treated chronic lymphocytic leukemia
(Frankel et al. (2006) Cancer, 106(10): 2158-2164).
Briefly, denileukin diftitox was administered as a
60-minute intravenous infusion for 5 days every 2 1
days at a dose of 18 mg/kg/day for up to 8 cycles.
Overall, patients exhibited reduction of peripheral
chronic lymphocytic leukemia (CLL) cells, reductions
in lymph node size, and in some cases, remission as
identified over time from bone marrow biopsies. In one
instance, a patient treated was chemorefractory
against fludarabine (Morgan et al. (2004) Clin. Cancer
Res. 9(10 Pt 1): 3555- 3561). [00277] Provided herein
is a method of treating a subject having chronic
lymphocytic leukemia by administering a modified DT
fusion protein as described herein. [00278] Denileukin
diftitox has been shown to be effective in treating a
subject having human T-cell lymphotrophic virus
1-associated acute T cell leukemia/lymphoma (Venuti et
al. (2003) Clin. Lymphoma 4(3): 176-180). Briefly, 4
cycles of denileukin diftitox was administered which
resulted in restoration of normal hematopiesis and a
reduction in bone marrow myelofibrosis. Following
disease progression, 4 cycles of hyper-CVAD
(hyperfractionated
cyclophosphamide/doxorubicin/vincristine/decadron)
were administered and complete clinical remission was
achieved. The patient received maintenance therapy
with denileukin diftitox for 1 year. [00279] Provided
herein is a method of treating a subject having human
T-cell lymphotrophic virus 1-associated acute T cell
leukemia/lymphoma by administering a modified DT
fusion protein as described herein in combination with
hyper-CVAD therapy. [00280] Denileukin diftitox has
been shown to be effective in treating a subject
having a solid tumor (Eklund and Kuzel. Expert Rev.
Anticancer Then, 2005 Feb;5(l):33-8). Therefore,
provided herein is a method of treating a subject
having one or more solid tumors by administering a
modified DT fusion protein as described herein.
Exemplary solid tumors include, but are not limited
to, those of a tissue or organ selected from among
skin, melanoma, lung, pancreas, breast, ovary, colon,
rectum, stomach, thyroid, laryngeal, ovary, prostate,
colorectal,head, neck, eye, mouth, throat, esophagus,
chest, bone, testicular, lymph, marrow, bone, sarcoma,
renal, sweat gland, liver, kidney, brain,
gastrointestinal tract, nasopharynx, genito-urinary
tract, muscle, and the like tissues. [00281] Acute
Graft-versus Host Disease (aGVHD) is mediated partly
through activated T cells which express the high
affinity receptor for IL-2, which is recognized by
denileukin diftitox. In a phase II study of patients
suffering from steroid-resistant aGVHD, one group of
patients were treated with a dose regimen of 4.5 mg/kg
daily on days 1- 5 and then weekly on study days 8,
15, 22 and 29. Another group of patients were treated
at with a dose regimen of 9 mg/kg on the same
schedule. Responses were assessed at days 36 and 100.
41% of the patients responded, all with a complete
response at day 36 and 27% patients responding at day
100 (4 complete responses and 2 partial responses).
[00282) Provided herein is a method of treating a
subject having aGVHD by administering a modified DT
fusion protein as described herein. [00283] Psoriasis
is an immune-mediated skin disease in which T-cells
are chronically stimulated by antigenpresenting cells
in the skin. Psoriasis is a chronic relapsing disease
that requires intermittent treatment. Denileukin
diftitox was shown to effectively target activated T
cells and improved psoriasis; however, a side effect
of the treatment was vascular leak syndrome (Walsh and
Shear. (2004) CMAJ, 170(13): 1933-1941). In a phase II
study of patients suffering from severe psoriasis, 35
patients were treated with one of three doses of
ONTAK(r) (0.5, 1.5 or 5 mg/kg/day) and received three
doses per week for eight weeks. Eight out of 15
patients (treated with 5 or 1.5 mg/kg/day) showed more
than 50% decrease in symptoms as measured by the
Psoriasis Area and Severity Index (PASI) and
Physician's Global Assessment (PGA). Four patients,
all treated with a dose of 5 g/kg/day, benefited from
a 2-grade improvement on the 5-grade PGA scale.
[00284] Provided herein is a method of treating a
subject having psoriasis by administering a modified
DT fusion protein as described herein. [00285] Also
contemplated herein is a method of providing
maintenance therapy by administering a nonimmunogenic
DT fusion protein as described herein. [00286] As
described by Dannull et al. (J. Clin. Invest. 115(12):
3623-3633 (2005)), immunization with RNAtransfected
dendritic cells (DCs) is an effective strategy to
stimulate potent T cell responses in patients with
metastatic cancers (Su et al. 2003. Cancer Res. 63:
3127-2133; Heiser et al. 2002. J . Clin. Invest. 109:
409-417). CD4+ T cells constitutively expressing the
IL-2 receptor -chain (CD25) act in a regulatory
capacity by suppressing the activation and function,
of other T cells (Shevach, E.M. 2001. J. Exp. Med.
193: F41-F46). Their physiological role is to protect
the host against the development of autoimmunity by
regulating immune responses against antigens 



expressed by normal tissues (Jonuleit et al. 2000. J.
Exp. Med. 192: 1213-1222; Read and Powrie. 2001. Curr.
Opin. Immunol. 13: 644-649). Since tumor antigens are
largely self antigens, T regulatory cells (Tregs) may
also prevent the tumor-bearing host from mounting an
effective anti-tumor immune response. Previous studies
have shown that elevated numbers of CD4+CD25+ Tregs
can be found in advanced cancer patients (Woo et al.
2002. J . Immunol. 168: 4272-4276) and that high Treg
frequencies are associated with reduced survival
(Curiel et al. 2004. Nat. Med. 10: 942-949). The
important role of CD4+CD25+ Tregs in controlling tumor
growth was further highlighted by the demonstration
that depletion of Tregs using anti-CD25 antibodies can
evoke effective anti-rumor immunity in mice (Shimizu
et al. 1999. J . Immunol. 163: 5211-5218; Onizuka et
al. 1999. Cancer Res. 59: 3128-3133). Moreover,
anti-CD25 therapy enhanced the therapeutic efficacy of
GM-CSF-secreting B 16 tumor cells and prolonged
survival of tumor-bearing animals (Sutmuller et al.
2001. J. Exp. Med. 194: 823-832). Cumulatively, these
experimental data suggest that the efficacy of cancer
treatment could be enhanced by administration of
agents that lead to thepreferential depletion of
CD4+CD25+ Tregs, such as compounds that target cells
expressing the IL-2 receptor CD25 subunit. [00287]
Recombinant IL-2 diphtheria toxin conjugate DAB389IL-2
(also known as denileukm diftitox and ONTAK(r)) to
eliminate CD25-expressing Tregs in metastatic renal
cell carcinoma (RCC) patients. The cytotoxic action of
DAB389IL-2 occurs as a result of binding to the
high-affinity IL-2 receptor, subsequent
internalization, and enzymatic inhibition of protein
synthesis, ultimately leading to cell death. [00288]
DAB389IL-2 was shown to selectively eliminate Tregs
from human PBMCs m a dose-dependent manner without
apparent bystander toxicity to other PBMCs or CD4+ T
cells with intermediate- or low-level expression of
CD25 Treg depletion resulted m enhanced stimulation of
proliferative and cytotoxic T cell responses m vitro
but only when DAB389IL-2 was used prior to and omitted
during the T cell priming phase. Depletion of Tregs in
RCC patients with DAB389IL-2 followed by immunization
with tumor RNA-transfected DCs led to improved
stimulation of tumor-specific T cells when compared
with administration of tumor RNA-transfected DCs
alone. CD4+CD25high Tregs can be eliminated using a
single dose of DAB389IL-2 without apparent bystander
toxicity and without having an impact on the function
of other cells expressing CD25. DAB389IL-2 profoundly
reduced the number of Tregs present in the peripheral
blood of RCC patients, reduced levels of peripheral
blood-derived FoxP3 transcripts, and abrogated
Treg-mediated immunosuppressive activity in vivo
Moreover, significantly higher frequencies of
tumor-specific CD8+ T cells could be measured in
patients treated with combined DAB389IL-2 and DC
immunization when compared with subjects receiving the
DCs alone Also, there was a trend toward an improved
CD4+ T cell response after combined therapy. [00289]
Cognate immunity against neoplastic cells depends on a
balance between effector T cells and regulatory T
(Treg) cells. Treg cells prevent immune attack against
normal and neoplastic cells by directly suppressing
the activation of effector CD4+ and CD8+ T cells The
use of a recombinant mterleukin 2/diphthepa toxin
conjugate (DAB/IL2; Denileukrn Diftitox; ONTAK(r)) was
studied as a strategy to deplete Treg cells and break
tolerance against neoplastic tumors in humans. DAB/IL2
(12 microg/kg; four daily doses; 2 1 day cycles) was
administered to 16 patients with metastatic melanoma
and the effects on the peripheral blood concentration
of several T cell subsets and on tumor burden are
measured. [00290] Rasku et al (J. Translational
Medicme; 6: 12 (2008)) found thatDAB/IL2 caused a
transient depletion of Treg cells as well as total
CD4+ and CD8+ T cells (< 2 1 days). T cell repopulahon
coincided with the de novo appearance of melanoma
antigen-specific CD8+ T cells in several patients as
determined by flow cytometry using tetrameric MART-1,
tyrosmase and gp 100 peptide/MHC conjugates Sixteen
patients received at least one cycle of DAB/IL2 and
five of these patients experienced regressions of
melanoma metastases as measured by CT and/or PET
imaging One patient experienced a near complete
response with the regression of several hepatic and
pulmonary metastases coupled to the de novo appearance
of MART-1-specific CD8+ T cells A single metastatic
tumor remained in this patient and, after surgical
resection, irnmunomstochemical analysis revealed
MART1+ melanoma cells surrounded by CD8+ T cells The
transient depletion of T cells in cancer patients may
disrupt the homeostatic control of cognate immunity
and allow for the expansion of effector T cells with
specificity against neoplastic cells. [00291] Recent
work demonstrates that lack of naturally induced tumor
associated antigen (TAA)-specific immunity is not
simply a passive process. Barnett et al. (Am J Reprod
Immunol. 54(6) 32 1 (2005)) demonstrated that tumors
actively prevent induction of TAA-specific immunity
through induction of TAA-specific tolerance. This
tolerance was mediated in part by regulatory T cells
(Tregs). Barnett et al. presented evidence that
depleting Tregs m human cancer, including ovarian
cancer, using demleukin diftitox (ONTAK(r)), improves
immunity.[00292] CD4+CD25+Foxp3+ regulatory T (Treg)
cells have been implicated in the lack of effective
antitumor immunity (Litzinger et al. (2007) Blood,
110(9): 3 192-201). Demleukin diftitox (DAB(389)IL-2),
provides a means of targeting Treg cells Treg cells in
spleen, peripheral blood, and bone marrow of normal
C57BL/6 mice were variously reduced after a single
intraperitoneal injection of denileukin diftitox, the
reduction was evident withm 24 hours and lasted
approximately 10 days Injection of demleukm diftitox
day before immunization with another agent enhanced
antigen-specific T-cell responses above levels induced
by immunization alone Litzmger et al. demonstrated in
a murine model the differential effects of denileukin
diftitox on Treg cells in different cellular
compartments, the advantage of combining demleukm
diftitox with another agent to enhance
antigen-specific T-cell immune responses, the lack of
inhibition by denileukin diftitox of host immune
responses directed against a live viral vector, and
the importance of dose scheduling of demleukm diftitox
when used in combination with an immunogen [00293]
Tregs have been shown to be an integral part of
regulating and even suppressing an immune response to
growing tumor cells Matsushita et al (J Immunol
Methods; 333(1-2): 167-79 (2008)) compared three
methods of Treg depletion and/or elimination,
utilizing low dose cyclophosphamide (CY), a specific
antibody directed agamst the IL-2 receptor found on
Tregs (PC61) and the use of denileukin diftitox (DD).
Matsushita demonstrated that utilization of DD
resulted in a >50% Treg cell reduction without
parallel cytocidal effects upon other T cell subsets
but did not enhance anti-tumor immunity agamst B l 6
melanoma. Lastly, the PC61 showed a moderate reduction
of Tregs that lasted longer than the other reagents,
without a reduction in the total number of CD8(+) T
cells. [00294] Provided herein is a method of
enhancing activity of an anti-cancer agent (e.g., RNA
transfected DCs, anti- CLTA4 antibodies, MISIIR scFvs,
etc ), by administering a DT vapant-IL2 fusion protein
described herein. In one embodiment, a DT variant-IL2
fusion protein is administered followed by
administration of the anti-cancer agent In one
non-limiting example, the DT vapant-IL2 fusion protein
is administered at least four (4) days prior to the
anti-cancer agent. [00295] Also provided herein is a
method of treating a metastatic cancer via reduction
or elimination of Tregs by administering an
anti-cancer agent (e.g., RJSfA transfected DCs,
anti-CLTA4 antibodies, MISIIR scFvs, etc ) and a DT
vapant-IL2 fusion protein described herein Metastatic
tumors include, for example, metastatic renal cell
carcinoma, metastatic prostate cancer, metastatic
ovarian cancer and metastatic lung cancer. In one
embodiment, a DT vapant-IL2 fusion protein is
administered followed by administration of the
anti-cancer agent In one nonhmiting example, the DT
vapant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent. [00296]
In another aspect, provided herein is a method of
treating a prostate tumor, an ovarian tumor, a lung
tumor or a melanoma via reduction or elimination of
Tregs by administering an anti-cancer agent (e g , RNA
transfected DCs, anti-CLTA4 antibodies, MISIIR scFvs,
etc.) and a DT variant-IL2 fusion protein described
herein In one embodiment, a DT variant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent In one non-limiting example, the
DT vapant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent. [00297]
Toxicity and therapeutic efficacy of such ingredient
can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e
g , for determining the LD50 (the dose lethal to 50%
of the population) and the ED50 (the dose
therapeutically effective m 50% of the population).
The dose ratio between toxic and therapeutic effects
is the therapeutic index and it can be expressed as
the ratio LD50ZEO50 Compounds which exhibit large
therapeutic indices are preferred While compounds that
exhibit toxic side effects may be used, careshould be
taken to design a delivery system that targets such
compounds to the site of affected tissue in order to
minimize potential damage to non-cancerous and
otherwise healthy cells and, thereby, reduce side
effects [00298J The data obtained from the cell
culture assays and animal studies can be used in
formulating a range of dosage for use m humans The
dosage of such compounds lies preferably within a
range of circulating concentrations that include the
ED50 with little or no toxicity The dosage may vary
within this range depending upon the dosage form
employed and the route of administration utilized For
any compound used in the method of the invention, the
therapeutically effective dose can be estimated
initially from cell culture assays A dose may be
formulated in animal models to achieve a circulating
plasma concentration range that includes the IC50 (i e
, the concentration of the test compound which
achieves a half-maximal inhibition of symptoms) as
determined in cell culture and as presented below in
Example 4 Such information can be used to more
accurately determine useful doses in humans Levels in
plasma may be measured, for example, by high
performance liquid chromatography [00299] The
embodiments of the compounds and methods of the
present application are intended to be illustrative
and not limiting Modifications and variations can be
made by persons skilled in the art in light of the
above teachings specifically those that may pertain to
alterations in the DT toxophore surrounding the
described modifications to T-cell epitope sequences,
described VLS sequences, and B-cell epitope sequences
that could result m reduced immunogenicity, and/or
reduced HUVEC binding while maintaining near native
functionally with respect to the ability to use as a
DT toxophore in protein fusion toxin constructions.
[00300J It is also conceivable to one skilled in the
art that the compounds and methods described herein
can be used for other purposes, including, for
example, the delivery of other novel molecules to a
selected cell population 



[00301] The present application contemplates
compositions for use m immunization embodiments It is
contemplated that protemaceous compositions that are
less effective in promoting VLS or other toxic effects
by alterations in one or more (x)D/E(y), (x)D/E(y)T
and/or flanking sequences are useful as antigens to
stimulate an immune response to the toxin In
particular embodiments, DT comprising one or more
modified (x)D/E(y), (x)D/E(y)T and/or flanking
sequences are contemplated as useful antigens
Preferably the composition is extensively dialyzed to
remove undesired small molecular weight molecules
and/or lyophihzed for more ready formulation into a
desired vehicle In other embodiments, it is also
possible to use toxins lacking one or more active site
residues (i e., a toxoid) for immunization [00302] The
compounds and methods described herein can be employed
under those circumstances in which amounts of a toxin
would be used to deliver such agents in a clinical
setting or in settings where it would be desirable to
reduce as much as possible the potential for
lmmunogenicity, VLS, or combinations thereof In this
setting the catalytic domain or some portion thereof
would be replaced, rendered inactive and fused with
the desired agent or molecule Acid sensitive or
protease sensitive cleavage sites could be inserted
between the remnant of the catalytic domain and the
desired agent or molecule [00303] Agents or molecules
that might be coupled to modified toxins such as
disclosed herein include but are not limited to;
peptides or protein fragments, nucleic acids,
oligonucleotides, acid insensitive proteins,
glycoproteins, proteins or novel chemical entities
that required selective delivery [00304] Therefore, it
should be understood that changes may be made in the
particular embodiments disclosed which are within the
scope of what is described. XI. PACKAGES AND KITS
[00305] In still further embodiments, the present
application concerns kits for use with the compounds
described above Toxins exhibiting reduced
lmmunogenicity, VLS promoting or toxic effects, or
combinations thereof can be provided in a kit Such
kits may be used to combine the toxin with a specific
cell binding ligand to produce a fusionprotein that
targets a particular receptor on a cell (e g , IL-2
receptors on cancer cells) in a ready to use and
storable container The kits will thus comprise, in
suitable container means, a composition with reduced
lmmunogenicity, VLS promoting or toxic effects, or
combinations thereof The kit may comprise a modified
DT or a fusion protein thereof m suitable container
means [00306] The container means of the kits will
generally include at least one vial, test tube, flask,
bottle, syringe and/or other container means, into
which the at least one polypeptide can be placed,
and/or preferably, suitably ahquoted. The kits can
include a means for containing at least one fusion
protein, detectable moiety, reporter molecule, and/or
any other reagent containers in close confinement for
commercial sale Such containers may include injection
and/or blow-molded plastic containers in which the
desired vials are stored Kits can also include printed
material for use of the materials in the kit [00307]
Packages and kits can additionally include a buffering
agent, a preservative and/or a stabilizing agent in a
pharmaceutical formulation Each component of the kit
can be enclosed within an individual container and all
of the various containers can be within a single
package Invention kits can be designed for cold
storage or room temperature storage [00308]
Additionally, the preparations can contain stabilizers
(such as bovine serum albumin (BSA)) to increase the
shelf-life of the kits Where the compositions are
lyophihzed, the kit can contain further preparations
of solutions to reconstitute the lyophilized
preparations Acceptable reconstitution solutions are
well known m the art and include, for example,
pharmaceutically acceptable phosphate buffered saline
(PBS) [00309] Additionally, the packages or kits
provided herein can further mclude any of the other
moieties provided herein such as, for example, one or
more reporter molecules and/or one or more detectable
moieties/agents [00310] Packages and kits can further
include one or more components for an assay, such as,
for example, an ELISA assay, cytotoxicity assay,
ADP-Ribosyltransferase activity assay, etc Samples to
be tested m this application include, for example,
blood, plasma, and tissue sections and secretions,
urine, lymph, and products thereof Packages and kits
can further include one or more components for
collection of a sample (e g , a syringe, a cup, a
swab, etc ) [00311] Packages and kits can further
include a label specifying, for example, a product
description, mode of administration and/or indication
of treatment Packages provided herein can include any
of the compositions as described herein The package
can further include a label for treating a cancer
[00312] The term "packaging material" refers to a
physical structure housing the components of the kit
The packaging material can maintain the components
steplely, and can be made of material commonly used
for such purposes (e g , paper, corrugated fiber,
glass, plastic, foil, ampules, etc ) The label or
packaging insert can include appropriate written
instructions Kits, therefore, can additionally include
labels or instructions for using the kit components m
any method of the invention A kit can include a
compound m a pack, or dispenser together with
instructions for administering the compound m a method
described herein [00313] Instructions can include
instructions for practicing any of the methods
described herein including treatment methods
Instructions can additionally mclude indications of a
satisfactory clinical endpoint or any adverse symptoms
that may occur, or additional information required by
regulatory agencies such as the Food and Drug
Administration for use on a human subject [00314] The
instructions may be on "printed matter," e g , on
paper or cardboard within or affixed to the kit, or on
a label affixed to the kit or packaging material, or
attached to a vial or tube containing a component of
the kit Instructions may additionally be included on a
computer readable medium, such as a disk (floppy
diskette or harddisk), optical CD such as CD- or
DVD-ROM/RAM, magnetic tape, electrical storage media
such as RAM and ROM, IC tip and hybrids of these such
as magnetic/optical storage media EXAMPLES [00315] The
application may be better understood by reference to
the following non-hmiting examples, which are provided
as exemplary embodiments of the application The
following examples are presented in order to more
fully illustrate embodiments of the invention and
should m no way be construed, however, as limiting the
broad scope of the application While certain
embodiments of the present application have been shown
and described herein, it will be obvious that such
embodiments are provided by way of example only
Numerous variations, changes, and substitutions will
now occur to those skilled in the art without
departing from the invention It should be understood
that various alternatives to the embodiments described
herein may be employed in practicing the methods
described herein. EXAMPLE 1 Construction, Expression
and Purification of DT Variant and DT-Fusion Proteins
Construction of DT Variant and DT-Fusion Proteins
[00316] A truncated DT-based toxophore comprising a
methionine residue at the N-terminus and ammo acid
residues 1 through 386 (SEQ ID NO 2) of the native DT
(now residues 2-387 in the truncated toxophore) is
constructed as DT387 or residues 1-382 of DT387 The
DT-based toxophore can also comprise a methionine
residue at the N-terminus, amino acid residues 1
through 386 (SEQ ID NO 2) of the native DT (now
residues 2-387 in the truncated toxophore), and
residues 484-485 of native DT, constructed as DT389
DT387 and DT389 contains three (x)D(y) motifs at
residues 7-9 (VDS), residues 29-31 (VDS), and residues
290-292 (IDS) DT382 contains residues 1-382 of DT387
or DT389 Other C-terrmnal truncated DT constructs as
described herein can be used in the assays provided
herem for testing functionality of DT variants One
would understand that modifications made to DT389 also
could be made in a truncated construct (e g , DT382)
and tested for functionality Figure 3 1 provides amino
acid sequences of wild type DT382, DT382 variants, and
null construct DT382(G53E) underlined sequences are
vector/tag sequences, enterokmase cleavage site
highlighted in italicized text, and mutations from WT
sequences are shown in bold text [00317] Site directed
mutagenesis is employed to alter the (x)D(y) motif in
DT A Stratagene Quickchange mutagenesis kit is used to
construct the mutations Oligonucleotide primers are
designed to alter encoding residues withm the (x)D(y)
motif implicated in VLS [00318] SEQ IDNOS 4-147
provides a list of non-limitmg exemplary modified DTs
and the corresponding ammo acid sequences [00319] The
mutants are tested in the context of protein fusion
toxin genetically fused to sequences encoding human
mterleukin 2 (SEQ ID NO 3) or a cell binding portion
thereof DT-fusion proteins are expressed and purified
Expression and Purification of DT Variants and
DT-Fusion Proteins [00320] Plasmid constructs encoding
truncated and/or modified DT protein, modified DT
mutants, and modified DT-fusion protein are
transformed into E coll HMS 174 (DE3) cells E coli HMS
174 is a protease-def cient strain in which
over-expression of recombinant proteins can be
achieved Induction of the recombinant protein
expression is obtained by addition of
isopropylthiogalactosidase (IPTG) to E coli HMS 174
Following incubation, the bacterial cells are
harvested by centrifugation and lysed, and the
recombinant protein is further purified from inclusion
body preparations as described by Murphy and
vanderSpek, Methods m Molecular Biology,
BacterialToxms methods and protocols, 145 89-99 Humana
press, Totowa, N J (2000) It may be necessary to
remove endotoxin from the protein preparations to
assure that effects on HUVECs are from VLS and not due
to the presence of the endotoxins Endotoxin is removed
to <250 EU/ml by passage over an ion-exchange resin
Separation of breakdown products from full-length
material also occurs during ion-exchange
chromatography After another final purification over
ion exchange resm, endotoxin is reduced to <25 EU/ml
and the toxophore is tested for VLS as a function of
HUVEC cell binding in vitro Analysis OfDT387 OrDT389
toxophore can be conducted using Coomassie Blue
staining and Western Blot when samples from the
process descpbed above are resolved by SDS 



Polyacrylamide Gel Electrophoresis (PAGE) using
conventional techniques described herein and known in
the art [00321] Mutations that result in stable
constructs with adequate expression that do not affect
pbosyltransferase activity of the DT387 OrDT38
toxophore can be subsequently tested for targeted
cytotoxicity in the corresponding VLS modified DT-EGF
and VLS modified DT-IL-2 protein fusion toxins
(Example 5, respectively). EXAMPLE 2 Cell Permeability
Assays [00322] Human vascular endothelial cells are
maintained in EGM media (obtained from Cambrex,
Walkersville, Md ) Sub-confluent early passage cells
are seeded at equivalent cell counts onto plastic
cover slips Purified, endotoxin free wild type DT
toxophore and mutants are labeled with the fluorescent
tag F-150 (Molecular Probes, Eugene, Oreg ) through
chemical conjugation HUVECs are incubated with
equivalent amounts of the labeled toxophores The media
is then aspirated, and the cells are then washed,
fixed and prepared for analysis Examination of the
cells on cover slips from different treatment groups
permits the analysis of the number of cells labeled by
the fluorescent toxophore No targeting hgand is
present on the toxophore and, consequently, the level
of HUVEC interaction is proportional only to the
toxophores affinity for HUVECs Comparisons are carried
out using a fluorescent microscope and comparing the
number of cells labeled from at least ten independent
fields, different cover slips or different slides DAPI
stain is used to localize cells, particularly in the
case of the mutant constructs as cell labeling is not
readily apparent 4'-6-Diarmdmo-2-phenylindole (DAPI)
is known to form fluorescent complexes with natural
double-stranded DNA, as such DAPI is a useful tool m
various cytochemical investigations When DAPI binds to
DNA, its fluorescence is strongly enhanced Thus, DAPI
serves as a method of labeling cell nuclei In
contrast, cells treated with F-150DT toxophore are
easily observed To facilitate that quantification of
the mutant DT toxophore constructs the signal
intensity and changes in background signal are also
increased [00323] Effect of the DT variant IL-2 fusion
proteins on the morphology of HUVEC monolayers can
also be assessed according to methods described, by
example, Baluna et al (Int J Immunopharm , 18 355-361,
1996) and Soler-Rodpguez et al (Exp Cell Res , 206 227
234, 1993) To determine whether the VLS sequences in
DT and IL- 2 damage HUVECs, monolayers are incubated
with different concentrations of DT variants, DT
variant-IL-2-fusion proteins, or controls HUVECs are
isolated, cultured and studied microscopically
Briefly, HUVEC monolayers are incubated at 37 C for 18
hours with 10 -6 M of each variant, fusion protem,
control, or medium-only and then examined by phase
contrast microscopy (magnification at 20 times) Normal
monolayers consist of highly packed cells with
elongated shapes, whereas damaged cells round up and
detach from the plate Untreated HUVECs consist of
tightly packed elongated cells Monolayers can be
assessed after 2 hours for cell rounding after 2 hr of
incubation and after 18 hours for formation of gaps in
the monolayer Toxic effects on HUVECs are assessed
[00324] Another method for measuring permeability of
endothelial monolayers in vitro has been descpbed m
detail previously (Friedman et al J Cell Physiol , 129
237-249 (1986), Dowme et al Am J Resp Cell MoI Biol ,
7(1) 58-65 (1992)) After incubation with the various
media described, the filters containing confluent
endothelial cellsare washed 2 times with PBS. The
filters with attached endothelial cells are then
mounted in modified flux chambers, and the chambers
placed in a culture dish. The upper well of the
chamber is filled with serum-free medium containing 50
mM Hepes. The dish is filled with the same medium. A
stirring bar is added to the lower well, and the
entire chamber placed on an electrical stirring device
and incubated at 37 C. The chamber is incubated until
the level of media between the upper well and the
surrounding fluid in the beaker is equal. Thus, no
hydrostatic pressure difference is present between the
upper and lower wells. After this equilibration
period, a small aliquot of medium in the upper well is
removed and replaced with medium containing
[125I]bovine serum albumin (30,000 cpm/ml). The
radiolabeled albumin is extensively dialyzed against
1M PBS immediately before use. Chromatographic
monitoring of the dialyzed [125I]albumin as well as
the media in the lower well after the end of the study
is demonstrated > 95% of the 125I to co-chromatograph
with albumin (Friedman et al. J. Cell. Physiol., 129:
237-249 (1986)). Small aliquots of media (in
triplicate) are removed serially from both the upper
and lower wells 10, 30, 60, 120, 180, and 240 min
after the addition of the 125I probe. The 125I
activity in each aliquot is measured in a gamma
counter, and the average cpm/ml for the samples from
the upper and lower wells is determined. Appropriate
corrections are made for background using the
experimental media. The [125I]albumin transfer rate of
the BPAEC monolayers is expressed as the rate of
appearance of counts in the lower well relative to the
number of counts in the upper well/hour over the 90 to
240-min period of steady-state clearance (Friedman et
al. J. Cell. Physiol, 129: 237-249 (1986)). Each
albumin transfer rate point (""") represents the
average rate of duplicate filters within a group. Each
group of filters included duplicate control filters
(i.e., monolayers on filters incubated with diluent
alone). In additional filters, non-radiolabeled bovine
serum albumin (final concentration of 1%) is added
along with [125I]bovine serum albumin in the upper
well. The [125I]albumin transfer rate across the
monolayer is determined using the previously described
method. The endothelial monolayers is expected to be
more intact after exposure to DTvariant-IL-2 fusion
proteins compared to unmodified DT-IL-2 fusion
proteins. [00325] In yet another assay,
channel-forming activities of the mutants of DT-IL-2
are determined using a planar lipid bilayer membrane
system (vanderSpek et al., J. Biol. Chem. 268:
12077-12082 (1993); Silverman et al., J . Membr. Biol.
137: 17-28 (1994); Hu et al. Prot. Eng. 11(9): 8
11-817 (1998)) and compared to unmodified DT-IL-2. The
membranes are formed across 50-100 mm apertures are
made in polystyrene cups. A 1% hexane solution of
lecithin type IIS (Sigma) with the neutral lipids
removed (Kagawa and Racker, Biol. Chem. 246:
5477-5487(1971)) is used to coat both sides of the
aperture and allowed to dry. The outside of the
aperture is then coated with a 1.5% squalene solution
prepared in light petroleum. The cup is placed in the
back chamber of a block prepared by Warner Instruments
(Hamden, CT). A buffer solution ( 1 M KCl, 2 mM CaCl
2, 1mM EDTA, 50 mM HEPES, pH 7.2) is added to the cup
to above the level of the aperture (0.5 ml). The front
chamber of the block is filled with 1.0 ml of the same
buffer solution, except with 30 mM MES, pH 5.3,
instead of the HEPES. A 50 ml aliquot of the lecithin
hexane solution is layered on top of the buffer in the
front chamber and the hexane is allowed to evaporate.
The buffer in the front chamber is then lowered and
raised above the level of the aperture and the planar
lipid bilayer is formed. Unmodified DT-IL-2 fusion
proteins and DT variant-IL-2 fusion proteins thereof
are added to the front chamber at concentrations
ranging from 20 to 730 ng/ml. A voltage of +60 mV is
applied across the membrane using voltage clamp
conditions. The back chamber of the block, containing
the cup, is held at virtual ground and the voltages
refer to the front chamber to which the proteins are
added. Current is monitored using standard methods
(Jakes et al., J. Biol. Chem. 265: 6984-6991(1989)).
Channel conductances are determined using the
equationg IJV, where g is the conductance, /is the
current flowing through the membrane and Vis the
voltage applied across the membrane. The lipid bilayer
is expected to be more intact after exposure to
DTvariant-IL-2 fusion proteins compared to unmodified
DT-IL-2 fusion proteins.EXAMPLE 3 [00326] This example
describes a method for testing ADP-Ribosyltransferase
Activity Ribosome inactivating protein toxins, such as
diphthepa toxin, catalyze the covalent modification of
translation elongation factor 2 (EF-2) Ribosylation of
a modified mstidme residue in EF-2 halts protein
synthesis at the ribosome and results in cell death
Ribosyltransferase assays to determine catalytic
activity of the DT387 mutants are performed in 50 mM
Tris-Cl, pH8 0, 25 mM EDTA, 20 mM Dithiothreitol, 0 4
mg/ml purified EF-2, and 1 0 pM [32P]-NAD+ (10 mCi/ml,
1000 Ci mmol, Amersham-Pharmacia) The purified mutant
proteins are tested in a final reaction volume of 40
ml The reactions are performed in 96 well, V-bottom
microtiter plates (Linbro) and incubated at room
temperature for an hour Proteins are precipitated by
addition of 200 ml 10% TCA and collected on glass
fiber filters, and radioactivity is determined by
standard protocols Traditional methods for measuring
ADP-pbosylation use permeabihzed cells treated with
double stranded (ds) activator DNA oligonucleotide,
subsequent measurement of radiolabeled NAD+ is
incorporated into acid insoluble material FACS-based
methods such as those described by Kunzmann et al
(Immunity & Ageing, 3 8 (2006)) are also available
EXAMPLE 4 Cytotoxicity Assays on Crude Extracts of
Modified DT-IL-2 Fusion Proteins [00327] The DT387
orDT389 construct is initially used to demonstrate
that modified toxophores can be chemically coupled to
a number of targeting hgands and yield functional
targeted toxms Single chain fusions toxins, as
exemplified by DT387hnker IL-2 ot DT3891rnker IL-2,
circumvent the scale-up purification problems
typically encountered in the development of conjugate
toxins To confirm the effects of the engineered
changes, a number of modified DT387 IL-2 fusion or
DT389 IL-2 fusion toxms are produced and tested in
cytotoxicity assays [00328] Amino acid substitutions
made, as described above, to determine that the
changes do not yield inactive toxophores incapable of
producing fusion toxins, cytotoxicity assays are
performed Cytotoxicity Assays [00329] Cytotoxicity
assays are performed using HUT102/6TG cells, a human
HTLVl transformed T-cell line that expresses high
affinity Interleukin-2 receptors HUT102/6TG cells are
maintained in RPMI 1640 (Gibco) media supplemented
with 10% fetal bovine serum, 2 mM glutamine, 50 IU/ml
penicillin and 50 mg/ml streptomycin The cells are
seeded at a density of 5xl0 4/well into 96 well,
V-microtiter plates The fusion protein toxins are
typically added to the wells in molarities ranging
from 10 7M down to 10 '2M Final volume in the wells is
200 ml The plates are incubated for 18 hours, at 37 C
in a 5% CO2 environment The plates are subjected to
centrifugation to pellet the cells, the media removed
and replaced with 200 ml leucine-free, minimal
essential medium contaimng 1 0 mCi/ml[14C] leucine
(<280 mCi/mmol, Amersham-Pharmacia) and 2 1 mM
glutamine, 50 IU/ml penicillin and 50 mg/ml
streptomycin The cells are pulsed for 90 minutes and
then the plates subjected to centrifugation to pellet
the cells The supernatant is removed and the cells are
lysed in 60 ml, 0 4 M KOH followed by a 10 minute
incubation at room temperature 140 ml of 10% TCA is
then added to each well and another 10 minute, room
temperature incubation is performed The precipitated
proteins are collected on glass fiber filters using a
PHD cell harvester and 



the incorporated radioactivity is determined using
standard methods The results are reported as a
percentage of control (no fusion protein added to
inhibit protein synthesis) [14C]-leucme incorporation
Toxilight(tm), Viahght(tm) and ALAMARBLUE(tm) kits are
non-radioactive, commercial assays which can be used
to assess the variants The assays are conducted m a
96-well plate format, titrating toxin (10 7-10 n M)
over time using susceptible and resistant cell
lines[00330] Pharmaceutical grade GMP purified
DAB389IL-2 produced fromis coli typically yields an IC
50 of between 5x10-" M to IxIO-12 M. Partially
purified toxins exhibit activity between 10-100 fold
lower in partially purified nonhomogenous extracts
Pharmaceutical grade toxins are purified to
homogeneity and the active fractions of refolded
fusion toxins are used as biologically active drug In
the example above we utilize a moderate through put
analysis to determine the receptor specific
cytotoxicity of partially purified modified DT-IL-2
fusion toxins and compared them to the activity of
similarly purified DAB389lL-2. These assays
demonstrate comparable activity of the modified DT g
linker IL-2 fusion to DAB389IL-2. It should be noted
that the calculation of specific cytotoxicity was
based upon the total amount of protein in the samples
of partially fusion toxm. For assays equimolar
concentrations of fusion toxins were tested [00331]
The relative amounts of non-fusion toxins protein in
each sample could artificially alter the IC50 of any
given construct. That is, the presence of non full
length or non fusion toxm protein in the samples used
in this analysis could potentially account for small
differences in IC50 [00332] Purified DAB389IL-2
produced mE coli typically yields an IC50 of between
5x10 u M and IxIO-12M [00333] A moderate throughput
cytotoxicity assay is used to analyze crude
purifications of modified DT-IL-2 fusion toxins and
compare them to the activity of similarly purified
DT387linkerIL-2 [00334] It should be noted that there
is one (x)D/E(y) motif m IL-2 located at residues
19-21 (LDL). The contribution of IL-2 to VLS can be
determined by modifying the (x)D/E(y) motif in the
IL-2 and test the modified protein using the
cytotoxicity assay described above For example, using
modified DT mutants derived from DT387 or DT387linker
IL-2, it is possible to distinguish between effects of
the mutations on catalytic activity, VLS activity and
effective delivery of the targeted toxin to the
cytosol of target cells The comparison between
modified DT mutants OfDT387 and DT387linker IL2 will
also separate the effects of modified sequences of the
toxophore alone from the IL-2 targeting hgand present
in DT3g7lmker IL-2. In another example, using modified
DT mutants depved from both DT389 and DT389lmker IL-2,
it is possible to distinguish between effects of the
mutations on catalytic activity, VLS activity and
effective delivery of the targeted toxin to the
cytosol of target cells The comparison between
modified DT mutants of DT389 and DT389linker IL2 will
also separate the effects of modified sequences of the
toxophore alone from the IL-2 targeting hgand present
in DT389lmker IL-2. EXAMPLE 5 [00335] This example
describes an in vivo method to test the effect of
fusion proteins described herein A model has been
developed to study the effect of toxin-contaming
fusion proteins on human endothelium in vivo by
grafting vascularized human skin onto SCID mice,
injecting the mice with toxin-containmg fusion
proteins and measuring fluid accumulation in the graft
as the wet/dry weight ratio (Baluna et al , J.
Immunother., 22(1) 41-47 (1999)). Fluid accumulation m
the human skm is measured by weighing punch biopsies
of the skin grafts before and after freeze drying This
model can be used to evaluate the effect of the
modified DT fusion protems described herein in vivo
[00336] The fluid accumulation in the lungs of normal
SCID mice is also used as a surrogate model for VLS.
IL-2 has been shown to induce fluid accumulation in
the lungs of mice (Orucevic and LaIa, J Immunother
Emphasis Tumor Immunol , 18(4):210-220 (1995)). The
water content of the lungs or skin grafts is
calculated as the wet/dry weight ratio In this model,
pulmonary vascular leak can also be assessed by
measuring the accumulation in the lungs of
125I-albumin injected intravenously (Smallshaw et al.,
Nature Biotechnology 2 1 387-39 1 (2003))EXAMPLE 6
[00337] Multiple assays are available to test the
function of DT variants described herein such as, for
example, in vitro cytotoxicity assays, in vitro
vascular toxicity, in vivo mouse models as well as any
other assay described herein or known in the art. In
vitro cytotoxicity assays [00338] The cytotoxic
activities of the different modified DT fusion
proteins are determined using CD22+ Daudi cells and
[3H]-leucine incorporation as described previously
(Ghetie et al , 1988) The concentration of fusion
protein which reduces [3 H]-leucme incorporation by
50% relative to an untreated control culture is
defined as the IC50 Vascular toxicity [00339] As a
first step in evaluating the ability of fusion
proteins prepared with modified DTs to induce vascular
damage, a series of in vitro studies using HUVECs can
be conducted For in vitro assays, the effect of
modified DT fusion proteins on the morphology of HUVEC
monolayers is tested as described previously (Baluna
et al., 1996). In vivo assays [00340] The effects of
modified DT fusion proteins can be determined in the
SCID/Daudi tumor model (Ghetie et al , 1992). Briefly,
female SCID mice are injected lntraveneously (LV.,
lateral tail vein) with 5X106 Daudi cells on day zero.
Fusion proteins are injected I V on days 1, 2, 3 and
4. Groups of 5 mice are used for each treatment and
studies are repeated. Treatment groups receive (1) no
treatment (control); (2) unmodified DT fusion
proteins; or (3) modified DT fusion proteins Mice are
followed and sacrificed when the paralysis of their
hind legs occurs Pulmonary vascular leak in SCH) mice
is evaluated as described (Baluna et al , 1999). The
water content of the lungs is calculated as the
wet/dry weight ratios of lungs removed from mice
injected with 10 mg modified DT fusion protein/g of
mouse weight. EXAMPLE 7 [00341] This example describes
a method of screening a toxin for T-cell epitopes The
interaction between MHC, polypeptide and T cell
receptor (TCR) provides the structural basis for the
antigen specificity of T cell recognition T cell
proliferation assays test the binding of polypeptides
to MHC and the recognition of MHC/polypeptide
complexes by the TCR In vitro T cell proliferation
assays of the present example, involve the stimulation
of peripheral blood mononuclear cells (PBMCs),
containing antigen presenting cells (APCs) and T cells
Stimulation is conducted in vitro using synthetic
peptide antigens. Stimulated T cell proliferation is
measured using 3H-thymidme (3H -Thy) and the presence
of incorporated 3H -Thy is assessed using
scintillation counting of washed fixed cells. [00342]
Buffy coats from a donor pool of human blood stored
for less than 12 hours are obtained, and polypeptide
libraries corresponding to the amino acid residue
sequence of the toxin are synthesized via known
methods or obtained from an appropriate source
Erythrocytes and leukocytes are separated from plasma
and platelets by gentle centrifugation of buffy coats
The top phase (containing plasma and platelets) is
removed and discarded Erythrocytes and leukocytes were
diluted 1:1 in phosphate buffered salme (PBS) before
layering onto 15 ml ficollpaque (GE Healthcare)
Centrifugation is done according to the manufacturers
recommended conditions and PBMCs are harvested from
the serum+PBS/f coll plaque interface. PBMCs are mixed
with PBS ( 1 1) and collected by centrifugation. The
supernatant is removed and discarded and the PBMC
pellet is resuspended in 50 ml PBS Cells are again
pelleted by centrifugation and the PBS supernatant
discarded Cells are then resuspended using 50 ml AIM V
media and at this point counted and viability assessed
using trypan blue dye exclusion. Cells are again
collected by centrifugation and the supernatant
discarded. Cells are resuspended for cryogenic storage
at a density of 3x107per ml The storage medium is 90%
(v/v) heat inactivated AB human serum (Invitrogen) and
10% (v/v) DMSO (Invitrogen) Cells are transferred to a
regulated freezing container and placed at -70 C
overnight before transferring to liquid N2 for long
term storage When required for use, cells are thawed
rapidly in a water bath at 37 C before transferring to
10 ml pre-warmed AIM V medium [00343] PBMCs are
stimulated with polypeptide antigens in a 96 well flat
bottom plate at a density of 2xlO5 PBMC per well PBMC
were incubated for 7 days at 37 C before pulsing with
3H-Thy Synthetic polypeptides (15mers) that overlapped
by increments of 12 ammo acids are generated that span
the entire sequence of the toxm [00344] Each
polypeptide is screened individually against PBMCs
isolated from 20 naive donors Two control polypeptides
that have previously been shown to be immunogenic and
a potent non-recall antigen, KLH, are used in each
donor assay The control antigens used are Flu
haemagglutinm; Chlamydia HSP 60 peptide and Keyhole
Limpet hemocyamn. Polypeptides are dissolved m DMSO to
a final concentration of 10 mM, these stock solutions
are then diluted 1/500 m AIM V media (final
concentration 20 mM) Polypeptides are added to a flat
bottom 96 well plate to give a final concentration of
2 and 20 mM m a 100 ml The viability of thawed PBMCs
is assessed by trypan blue dye exclusion, and cells
are then iesuspended at a density of 2x106 cells/ml,
and 100 ml (2x10s PBMC/well) is transferred to each
well containing peptides Triplicate well cultures are
assayed at each peptide concentration Plates are
incubated for 7 days in a humidified atmosphere of 5%
CO2 at 37 C Cells are pulsed for 18-21 hours with 1
mCi 3H-Thy/well before harvesting onto filter mats CPM
values are determined using a microplate beta top
plate counter Results are expressed as stimulation
indices, where the stimulation index (SI) is derived
by division of the proliferation score (e g counts per
minute of radioactivity) measured to the test peptide
by the score measured in cells not contacted with a
test peptide Example 8 [00345] Deimmunization has been
successfully applied to generate T cell
epitope-depleted variants of several proteins
including plant (EP1737961) and bacterial
(WO2004/018684) toxins Deimmunization technology has
been improved, such as through the development of
EpiScreen(tm) (Antitope, Ltd , Cambridge, UK) which is
more sensitive for measuring T cell epitopes [00346] T
cell epitopes can be removed by replacement with
sequence segments from other proteins using Composite
Protein(tm) technology (Antitope, Ltd ) rather than
introduction of point mutations which, as a result,
provides a more flexible solution in removing T cell
epitopes while retaining protein function 



[00347] The methods described herein are to generate
variants of DT with reduced VLS and reduced
immunogenicity using the following seven stages Stage
1 - T cell epitope mapping of DT and the junction with
a selected hgand, e g , human IL-2, Stage 2 -assays
for VLS and DT activity, Stage 3 - gene synthesis,
expression and purification of whole DT in E coli m a
format suitable for screening multiple variants
(approximately 100-250 variants), Stage 4 - generation
and testing of DT variants for reduced VLS (HUVEC
binding assay) -variants are tested m two rounds
(single locus / multiple loci), Stage 5 - generation
and testing of DT variants after removal of T cell
epitopes -variants are tested m rounds (single
epitope, multiple epitope, optimization) with the
second round involving combination with VLS variants
(stage 4); Stage 6 - generation of lead DT-fusion
variant by fusion of lead DT vanant from stage 5 with
a protern ligand such as human IL-2 and purification /
testing of protein (this stage is optional), andStage
7 - immunogenicity testing of lead DT 1-389
('truncated DT (DR)') vanant by EpiScreen(tm) (control
of wild-type truncated DT (AR)) [00348] Testing of the
DT variants containing mutations in VLS motifs in the
HUVEC binding assay as well as testing of all DT
variants for potency in the IVTT assay is done with,
for example, truncated DT variants without the
wild-type receptor binding (R) domain (DT (DR))
Testing of leads for potency in cytotoxicity assays is
performed with both full length DT versions as well as
fusion proteins in which DT(DR) is fused to IL-2 For
EpiScreen(tm) validation of one or more lead DT
variants (stage 7), the optimized DT variants with
modified C and I domains are tested by expression of
truncated DT (DR) Example 9 EpiScreen(tm) T Cell
Epitope Mapping of DT EpiScreen Donor Selection
[00349] Peripheral Blood Mononuclear cells (PBMC) were
isolated from healthy community donor buffy coats
(from blood drawn within 24 hours) which were obtained
from the UK National Blood Transfusion Service
(Addenbrooke's Hospital, Cambridge, UK) according to
approval granted by Addenbrooke's Hospital Local
Research Ethics Committee PBMC were isolated from
buffy coats by Lymphoprep (Axis-shield, Dundee,
Scotland) density centrifugation and CD8+ T cells were
depleted using CD8+ RossetteSep(tm) (StemCell
Technologies, Inc ) Donors were characterized by
identifying HLA-DR haplotypes using a Biotest HLA
SSP-PCR based tissue-typing kit (Biotest,
Landstemerstrabe, Denmark). T cell responses to a
control antigen, Keyhole Limpet Haemocyanin (KLH)
(Pierce, Rockford, USA) were also determined. A cohort
of 54 donors was selected to best represent the number
and frequency of HLA-DR allotypes expressed in the
world population (Table 1 and Figure 1) Analysis of
the allotypes expressed in the cohort against those
expressed m the world population revealed that
coverage of >80% was achieved and that all major
HLA-DR alleles (individual allotypes with a frequency
>5% expressed in the world population) were well
represented Table 1 shows donor haplotypes and a
comparison of responses to KLH obtained during the
processing and isolation of donor PBMC (test 1)
against donor responses obtained after re-testing
during this study (ANGOl) A summary of donor
haplotypes is provided in Table 2, and a comparison of
the frequency of donor allotypes used in the study
versus those present m the world population is shown
in Figure 1Donbr No. Haplotype KLH Test 1 KLH Test 2
Table 2. Donor details and haplotypes. Donor responses
(SI) to KLH are shown for two independent tests. Test
1 was performed on freshly isolated PBMC and ANGOl is
the re-test in the current study. Responses that did
not produce the same result (i.e., positive or
negative) in both tests are highlighted in grey. Three
donors with very low basal cprn (<1 50cpm) were
excluded from the analysis. EpiScreen Analysis:
Proliferation Assays [00350] EpiScreen(tm) was used to
test overlapping peptides derived from the sequence of
DT 1-389 including the DT C and I domains with 10
amino acids of human IL-2 at the C terminus.
Overlapping peptides were designed spanning residues
1-389 of DT-I together with 10 amino acids of human
IL-2 at the C terminus (DT 1-389/IL-2 2- 10). A series
of 128xl5mer peptides overlapping by 12 amino acids
were synthesized together with Ixl4mer and 1x1 lmer
and used to stimulate peripheral blood mononuclear
cells (PBMC) derived from a cohort of 51healthydonors
using EpiScreen(tm) T cell epitope mapping Individual
peptides were tested m replicate cultures and
responses were assessed using T cell proliferation
assays to identify the precise location of epitopes
PBMC from each donor were thawed, counted and assessed
for viability Cells were revived in room temperature
AIM V culture medium (Invitrogen, Carlsbad,
California) before adjusting the cell density to 2
5x106 PBMC/ml (proliferation cell stock). Peptides
were dissolved in DMSO (Sigma-Aldrich, St Louis, MO,
USA) to a final concentration of 1OmM Peptide culture
stocks were then prepared by diluting mto AIM V
culture medium to a final concentration of 5 mM. For
each peptide and each donor, sextuphcate cultures were
established by adding 100 ml of the peptide culture
stocks to lOOml of proliferation cell stock in a flat
bottomed 96 well plate Both positive and negative
control cultures were also established in sextuphcate.
A total of 9 x 96 well plates were used for each
donor, and each plate was sufficient to test 15
peptides with one negative control (carrier alone) in
sextuplicate. On the final plate, the positive control
KLH was added [00351] Cultures were incubated for a
total of 6 days before adding 0 5 mCi 3[H]-Thymidine
(Perkin Elmer(r), Waltham, Massachusetts, USA) to each
well. Cultures were incubated for a further 18 hours
before harvesting onto filter mats using a TomTec Mach
III cell harvester Counts per minute (cpm) for each
well were determined by Meltilex(tm) (Perkin Elmer(r),
Waltham, Massachusetts, USA) scintillation counting on
a Microplate Beta Counter (Perkin Elmer(r), Waltham,
Massachusetts, USA) in paralux, low background
counting mode. [00352] For proliferation assays, an
empirical threshold of a stimulation index (SI) equal
to or greater than 2 (SI 2) has been previously
established whereby samples inducing proliferative
responses above this threshold are deemed positive
(where included, borderline SIs  1.90 are
highlighted). Extensive assay development and previous
studies have shown that this is the minimum signal to
noise threshold allowing maximum sensitivity without
detecting large numbers of false positive responses.
Positive responses are defined by the following
statistical and empirical thresholds 1 Significance
(p<0 05) of the response by comparing cpm of test
wells against medium control wells using unpaired two
sample student's t-test 2. Stimulation index greater
than 2 (SI X2), where SI = mean of test wells
(cpm)/mean medium control wells (cpm). [00353] In
addition, rntra-assay variation was assessed by
calculating the coefficient of variance and standard
deviation (SD) of the raw data from replicate
cultures. [00354] Proliferation assays were set up m
sextuplicate cultures ("non adjusted data"). To ensure
that intra assay variability was low, data was also
analyzed after removing the maximum and minimum cpm
values ("adjusted data") and the SI of donor responses
were compared using both data sets Details of donor
SIs from both adjusted and non-adjusted data sets are
presented in Figures 12 and 13. T cell epitopes were
identified by calculating the average frequency of
responses to all peptides m the study + 2 x SD
(background response rate). Any rerttde(s) that
induced proliferation above this threshold was
considered to contain a T cell epitope In Silico
iTope(tm) Analysis of Peptides [00355] The sequences
of peptides that were positive in the proliferation
assay were analyzed using Antitope's predictive
iTope(tm) software. This software predicts favorable
interactions between ammo acid side chains of the
peptide and specific binding pockets within the MHC
class II binding groove. The location of key binding
residues was determined by generating 1Omer peptides
that overlapped by one amino acid spanning the long
peptide sequence. Each lOmer was tested against
Antitope's database of MHC class II allotypes (32
total) and scored based on their fit and interactions
with the MHC class II molecules Peptides that produced
a high binding score against a large number of alleles
were considered to contain the core 9mer. Such testing
provided a comprehensive T cellepitope analysis of DT
1-389 / IL-2 2-10 including (a) a full T cell epitope
map of DT 1-389 / IL-2 2-10 DT 1-389 / IL-2 2-10; (b)
assessment of the potency of individual T cell
epitopes and pno ptization for removal from DT; and
(c) assessment of T cell epitope association with MHC
class II allotypes. Identification of T cell epitopes
[00356] All one hundred thirty peptides identified
using the EpiScreen(tm) Analysis described above were
successfully synthesized for testing against 5 1
healthy donors (54 donors were originally selected,
but donors 13, 20 and 38 were excluded from the
analysis due to low basal cpm, i e , below the cut off
value of 150cpm) Positive responses were defined by
donors that produced a significant (p<0.05) response
with a SI 2 to any given peptide. Borderline responses
(a significant (p<0.05) response with an SI > 1 90)
were also included The outputs from nonadjusted and
adjusted data analyses were compared to ensure that
mtra-assay variability was low and that positive
responses were not the result of spurious
proliferation in individual wells The results from
each analysis showed little difference between the
methods, consequently, the T cell epitope map was
compiled using the adjusted data analysis Donor
stimulation indices from both non-adjusted and
adjusted analyses are shown in Figures 12 and 13,
respectively. T cell epitopes were identified by
calculating the average frequency of the responses to
all peptides in the study plus twice the standard
deviation (termed 'background response rate'). This
was calculated to be 5.6% and was the equivalent of
inducing a positive response in three or more donors.
Peptides inducing proliferative responses above this
threshold were considered to contain a T cell epitope
[00357] Table 3 provides a summary of the individual
donor responses to each of the peptides A graph
showing the frequency of responses to the peptides can
be found in Figure 2. Nine peptides induced
proliferative responses above the background response
rate (peptides 2, 3 1, 35, 39, 40, 41, 42, 49, and
100) and were therefore considered 



to contain a T cell epitope. From these nine peptides,
a total of seven T cell epitopes were identified
within the DT- 1 sequence and are discussed in further
detail below.MODIFIED TOXINS CROSS-REFERENCE [0001]
This application claims the benefit of U.S.
Provisional Application No. 60/945,556, filed June 21,
2007 (attorney docket number 33094-702.101), U.S.
Provisional Application No. 60/954,278, filed August
6, 2007 (attorney docket number 33094-702.102), U.S.
Provisional Application No. 61/032,888, filed February
29, 2008 (attorney docket number 33094-702.103), U.S.
Provisional Application No. 61/042,178, filed April 3,
2008 (attorney docket number 33094-702.104), U.S.
Provisional Application No. 60/945,568, filed June 21,
2007 (attorney docket number 33094-703.101), U.S.
Provisional Application No. 60/954,284, filed August
6, 2007 (attorney docket number 33094-703.102), U.S.
Provisional Application No. 61/032,910, filed February
29, 2008 (attorney docket number 33094-703.103), and
U.S. Provisional Application No. 61/042,187, filed
April 3, 2008 (attorney docket number 33094-703.104),
each of which applications is incorporated herein in
its entirety by reference. BACKGROUND OF THE INVENTION
[0002] Efficacy of a therapeutic protein can be
limited, for example, by an unwanted immune reaction
to the therapeutic protein. For instance, several
mouse monoclonal antibodies have shown promise as
therapies in a number of human disease settings but in
certain cases have failed due to the induction of
significant degrees of a human anti-murine antibody
(HAMA) response [Schroff, R. W. et al (1985) Cancer
Res. 45: 879-885; Shawler, D. L. et al (1985) J.
Immunol. 135: 1530-1535]. For monoclonal antibodies, a
number of techniques have been developed in attempt to
reduce the HAMA response [WO 89/09622; EP 0239400; EP
0438310; WO 91/06667]. These recombinant DNA
approaches have generally reduced the mouse genetic
information in the final antibody construct while
increasing the human genetic information in the final
construct. Notwithstanding, the resultant "humanized"
antibodies have, in several cases, still elicited an
immune response in patients [Issacs J . D. (1990) Sem.
Immunol. 2 : 449,456; Rebello, P. R. et al (1999)
Transplantation 68: 1417-1420]. [0003] Antibodies are
not the only class of polypeptide molecule
administered as a therapeutic agent against which an
immune response may be mounted. Proteins of human
origin and with the same amino acid sequences as occur
within humans can still induce an immune response in
humans. Notable examples include the therapeutic use
of granulocyte-macrophage colony stimulating factor
[Wadhwa, M. et al (1999) Clin. Cancer Res. 5:
1353-1361] and interferon alpha 2 [Russo, D. et al
(1996) Bri. J . Haem. 94: 300-305; Stein, R. et al
(1988) New Engl. J. Med. 318: 1409-1413]. In such
situations where these human proteins are immunogenic,
there is a presumed breakage of immunological
tolerance to these proteins that would otherwise have
been operating in these subjects. [0004] A sustained
antibody response to a therapeutic protein requires
the stimulation of T-helper cell proliferation and
activation. T-cell stimulation requires an interaction
between a T-cell and an antigen presenting cell (APC).
At the core of the interaction is the T-cell receptor
(TCR) on the T-cell engaged with a peptide MHC class
II complex on the surface of the APC. The peptide is
derived from the intracellular processing of the
antigenic protein. Peptide sequences from protein
antigens that can stimulate the activity of T-cells
via presentation on MHC class II molecules are
generally referred to as "T-cell epitopes". Such
T-cell epitopes are any amino acid residue sequence
with the ability to bind to MHC Class II molecules,
and which can, at least in principle, cause the
activation of these T-cells by engaging a TCR to
promote a T-cell response. It is understood that for
many proteins, a small number of T-helper cell
epitopes can drive T-helper signaling to result in
sustained, high affinity, class-switched antibody
responses to what may be a very large repertoire of
exposed surface determinants on the therapeutic
protein.-ce ep tope ent cat on s recogn ze as t e rst
step to ep tope e m nation o T-cell epitopes in
therapeutic proteins. Patent applications WO98/52976
and WO00/34317 teach computational threading
approaches to identifying polypeptide sequences with
the potential to bind a sub-set of human MHC class II
DR allotypes. In these applications, predicted T-cell
epitopes are computationally identified and
subsequently removed by the use of judicious amino
acid substitution within the protein of interest.
However with this scheme and other computationally
based procedures for epitope identification [Godkin,
A. J . et al (1998) J . Immunol. 161: 850-858;
Sturniolo, T. et al (1999) Nat. Biotechnol. 17:
555-561], it has been found that peptides predicted to
be able to bind MHC class II molecules may not
function as T-cell epitopes in all situations,
particularly, in vivo due to the processing pathways
or other phenomena. In addition, the computational
approaches to T-cell epitope prediction have in
general not been capable of predicting epitopes with
DP or DQ restriction. [0006] In vitro methods for
measuring the ability of synthetic peptides to bind
MHC class II molecules, for example using B-cell lines
of defined MHC allotype as a source of MHC class II
binding surface [Marshall K.W. et al. (1994) J .
Immunol. 152:4946-4956; O'Sullivan et al (1990) J.
Immunol. 145: 1799-1808; Robadey C. et al (1997) J .
Immunol 159: 3238-3246], maybe applied to MHC class II
ligand identification. However, such techniques are
not adapted for the screening multiple potential
epitopes to a wide diversity of MHC allotypes, nor can
they confirm the ability of a binding peptide to
function as a T-cell epitope. [0007] In addition to
T-cell epitopes, many proteins are known to induce
Vascular Leak Syndrome (VLS). VLS arises from
protein-mediated damage to the vascular endothelium.
In the case of recombinant proteins, immunotoxins and
fusion toxins, the damage is initiated by the
interaction between therapeutic proteins and vascular
endothelial cells. [0008] The mechanisms underlying
VLS are unclear and likely involve a cascade of events
which are initiated in endothelial cells (ECs) and
involve inflammatory cascades and cytokines (Engert et
al., 1997). VLS has a complex etiology involving
damage to vascular endothelial cells (ECs) and
extravasation of fluids and proteins resulting in
interstitial edema, weight gain and, in its most
severe form, kidney damage, aphasia, and pulmonary
edema (Sausville and Vitetta, 1997; Baluna and
Vitetta, 1996; Engert et al., 1997). [0009] It was
reported that one of the VLS motifs found in ricin
toxin, the "LDV" motif, essentially mimics the
activity of a subdomain of fibronectin which is
required for binding to the integrin receptor.
Integrins mediate cellto- cell and
cell-to-extracellular matrix interactions (ECM).
Integrins function as receptors for a variety of cell
surface and extracellular matrix proteins including
fibronectin, laminin, vitronectin, collagen,
osteospondin, thrombospondin and von Willebrand
factor. Integrins play a significant role in the
development and maintenance of vasculature and
influence endothelial cell adhesiveness during
angiogenesis. Further, it was reported that the ricin
"LDV" motif can be found in a rotavirus coat protein,
and this motif is important for cell binding and entry
by the virus. (Coulson, et al., Proc. Natl. Acad Sci.
USA, 94(10):5389-5494 (1997)). Thus, it appears to be
a direct link between endothelial cell adhesion,
vascular stability and the VLS motifs which mediate
ricin binding to human vascular endothelial cells
(HUVECs) and vascular leak. [0010] Mutant
deglycosylated ricin toxin A chains (dgRTAs) were
constructed in which this motif was removed by
conservative amino acid substitution, and these
mutants illustrated fewer VLS effects in a mouse model
(Smallshaw et al. Nat Biotechnol., 21(4):387-91
(2003)). However, the majority of these constructs
yielded dgRTA mutants that were not as cytotoxic as
wild type ricin toxin, suggesting that significant and
functionally critical structural changes in the ricin
toxophore resulted from the mutations. It should also
be noted that no evidence was provided to suggest that
the motifs in dgRTA mediated HUVEC interactions and
VLS in any other protein. Studiesrevea e t at t e ma o
ty o t e mutant g s were muc ess e ect ve toxop ores
an no ev ence was prov e to suggest that fusion toxins
could be assembled using these variant toxophores.
[0011] VLS is often observed during bacterial sepsis
and may involve IL-2 and a variety of other cytokines
(Baluna and Vitetta, J. Immunother., (1999)
22(l):41-47). VLS is also observed in patients
receiving protein fusion toxin or recombinant cytokine
therapy. VLS can manifest as hypoalbuminemia, weight
gain, pulmonary edema and hypotension. In some
patients receiving immunotoxins and fusion toxins,
myalgia and rhabdomyolysis result from VLS as a
function of fluid accumulation in the muscle tissue or
the cerebral microvasculature (Smallshaw et al., Nat
Biotechnol. 21(4):387-91 (2003)). VLS has occurred in
patients treated with immunotoxins containing ricin A
chain, saporin, pseudomonas exotoxin A and diphtheria
toxin (DT). All of the clinical testing on the utility
of targeted toxins, immunotoxins and recombinant
cytokines reported that VLS and VLS-like effects were
observed in the treatment population. VLS occurred in
approximately 30% of patients treated with DAB389IL-2
(Foss et al., Clin Lymphoma l(4):298-302 (2001),
Figgitt et al., Am J Clin Dermatol., l(l):67-72
(2000)). DAB389IL-2, interchangeably referred to in
this application as DT387-IL2, is a protein fusion
toxin comprised of the catalytic (C) and transmembrane
(T) domains of DT (the DT toxophore), genetically
fused to interleukin 2 (IL-2) as a targeting ligand.
[Williams et al., Protein Eng., 1:493-498 (1987);
Williams et al., J . Biol. Chem., 265:11885-1 1889
(1990); Williams et al., J . Biol. Chem., 265
(33):20673-20677, Waters et al., Ann. New York Acad.
Sci., 30(636):403-405, (1991); Kiyokawa et al.,
Protein Engineering, 4(4):463-468 (1991); Murphy et
al., In Handbook of Experimental Pharmacology,
145:91-104 (2000)]. [0012] VLS has also been observed
following the administration of IL-2, growth factors,
monoclonal antibodies and traditional chemotherapy.
Severe VLS can cause fluid and protein extravasation,
edema, decreased tissue perfusion, cessation of
therapy and organ failure. [Vitetta et al., Immunology
Today, 14:252-259 (1993); Siegall et al., Proc. Natl.
Acad. Sci., 91(20):9514-9518 (1994); Baluna et al.,
Int. J . Immunopharmacology, 18(6-7):355-361 (1996);
Baluna et al., Immunopharmacology, 37(2-3): 117-132
(1997); Bascon, Immunopharmacology, 39(3):255 (1998)].
[0013] Thus, there is a need to design modified
diphtheria toxins that cause reduced vascular leak
syndrome compared to wild-type diphtheria toxin and/or
have reduced immunogenicity compared to wild-type
diphtheria toxin. SUMMARY OF THE INVENTION [0014]
Provided herein are modified toxins, fusion proteins
containing the modified toxins, compositions thereof, 



methods of making modified toxins and methods of
treating diseases such as cancer with modified toxins.
[0015] Provided herein are modified toxins, fusion
proteins containing the modified toxins, compositions
thereof, methods of making modified toxins and methods
of treating diseases comprising a toxin having at
least one amino acid residue modification in at least
one T-cell epitope, wherein said modified toxin
exhibits reduced immunogenicity compared to an
unmodified toxin. [0016] Provided herein are modified
diphtheria toxins comprising at least one amino acid
residue modification in at least one T-cell epitope,
said modified toxins exhibiting reduced immunogenicity
compared to unmodified toxins. T-cell epitopes can
comprise an amino acid sequence selected from SEQ ID
NOS: 181, 184, 187, 190, 193, 196 and 199. In one
embodiment of the compounds disclosed herein, at least
one amino acid residue modification in a modified
diphtheria toxin is made in the epitope core of SEQ ID
NOS: 181, 184, 187, 190, 193, 196 and 199. In yet
another embodiment, at least one amino acid residue
modification is made in the N-terminus, C-terminus, or
both of SEQ ID NOS: 181, 184, 187, 190, 193, 196 and
199. In still further embodiments, at least one amino
acid residuemodification is made in the epitope core
and in the N-terminus, C-Termmus or both of SEQ ID
NOS: 181, 184, 187, 190, 193, 196 and 199. [0017] In
one embodiment, a modified diphtheria toxin of
contains one or more modifications selected from among
V7S, V7T, V7N, V7D, D8E, S9A, S9T, V29S, V29T, V29N,
V29D, D30E, S3 IN, I290T, D291E, S292A, S292T, V97A,
V97T, V97D, L107N, Ml 16A, Ml 16Q, M116N, F124H,
V148A, V148T, L298A, and L298N. [0018] In one
embodiment, a modified diphtheria toxin contains two
modifications selected from among V7N, V7T, V29N,
V29T, and V29D. Modifications include, but are not
limited to, V7N V29N, V7N V29T, V7N V29D, V7T V29N,
V7T V29T or V7T V29D. [0019] In one embodiment, a
modified diphtheria toxin contains three modifications
selected from among V7D, V7N, V7T, L107A, L107N, and
F124H. Modifications include, but are not limited to,
V7D L107A F124H, V7D L107NF124H, V7N L107A F124H, V7N
L107N F124H, V7T L107A F124H, and V7T L107N F124H.
[0020] In one embodiment, a DT vapant contains four
modifications such as, for example, V7D V97D L107N
F124H, V7N V97D L107N F124H, V7T V97A L107N F124H, V7T
V97D L107N F124H, V7T V97T L107N F124H, V7D V97A L107N
F124H, V7D V97T L107N F124H, V7N V97A L107N F124H, and
V7N V97T L107N F124H. [0021] Provided herein are
modified toxins, including fusions containing toxms,
wherein said toxins comprise a diphtheria toxm or a
fragment thereof and exhibit reduced immunogenicity
compared to unmodified diphtheria toxins. Further
provided herein are modified toxms that exhibit
reduced immunogenicity comprising a diphtheria toxin
and at least one cell binding domain of a ligand from
a non-diphtheria toxm polypeptide. In one embodiment,
the cell binding domain from a non-dipththena toxin
polypeptide is a cell-binding ligand. In another
embodiment of the compounds disclosed herein, the
modified toxin is a fusion toxm wherein a non- toxin
polypeptide is a cellbinding ligand, including but not
limited to an antibody or antigen-binding fragment
thereof, a cytokine, a polypeptide, a hormone, a
growth factor, or insulin. [0022] In one embodiment,
the modified toxin is fusion toxin wherein the cell
binding domain is an antibody or antigen-binding
fragment thereof. An antibody can be, for example,
monoclonal, polyclonal, humanized, genetically
engineered, or grafted. An antigen-binding fragment
can be, for example, a Fab, Fab2, F(ab') 2, scFv,
scFv2, single chain binding polypeptide, VH, or a VL.
In a further embodiment, the antibody or antigen
binding fragment thereof binds to a B-cell surface
molecule such as, for example, the B-cell surface
molecule CD19 or CD22. Alternatively, the antibody or
antigen bmding fragment thereof, binds to the ovarian
receptor MISIIR (Mullerian Inhibitory Substance type
II receptor). [0023] Non-diphtheria toxin polypeptides
can comprise, but are not limited to, an antibody or
antigen-binding fragment thereof, EGF, IL-I, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-1
1, IL-12, IL-13, IL-14, IL-15, INFa, INFg, GM-CSF,
G-CSF, M-CSF, TNF, VEGF, Ephrin, BFGF and TGF. In one
embodiment, the cytokine is IL-2. [0024] Also provided
herein are modified toxms comprising a toxin having at
least one amino acid residue modification in at least
one T-cell epitope, wherein said modified toxm
exhibits reduced immunogenicity compared to an
unmodified toxin. Further provided are modified toxins
having at least one amino acid residue modification in
at least one T-cell epitope wherein said toxin is a
diphtheria toxin or a fragment thereof. Also provided
are modified toxins having at least one ammo acid
residue modification m at least one T-cell epitope
wherein said toxin is a diphtheria fusion toxm
Additionally provided are modified toxins having at
least one ammo acid residue modification in at least
one T-cell epitope wherein said toxm is a diphtheria
fusion toxin comprising diphtheria toxin and at least
one cell binding domain from a non-diphtheria toxin
polypeptide. Also provided are modified toxinsav ng at
east one am no ac res ue mo cation in at east one T-ce
ep tope, w erein said toxin is a ip theria fusion
toxin comprising diphtheria toxin and at least one
cell binding domain from a non-diphtheria toxin
polypeptide, and wherein a non-diphtheria toxin
polypeptide is IL-2. [0025] Provided herein are
compositions comprising modified diphtheria toxins
with reduced immunogenicity and reduced binding to
endothelial cells, said modified diphtheria toxin
comprising an amino acid sequence as recited in SEQ ID
NO. 2 or 200 with one or more amino acid modifications
therein, wherein at least one T-cell epitope
comprising an amino acid sequence selected from among
SEQ ID NOS: 181, 184, 187, 190, 193, 196 and 199 is
modified, and wherein at least one amino acid
modification is made within an (x)D/E(y) motif in a
region selected from among residues 7-9, 29-3 1 and
290-292 of SEQ ID NO 2 or 200, and wherein said
modified diphtheria toxin has cytotoxicity comparable
to an unmodified diphtheria toxin, wherein a
modification at position (x) is a substitution of V or
I by an amino acid residue selected from among A, S,
E, F, C, M, T,W, Y, P, H, Q, D, N, K, R, G, L and a
modified or unusual amino acid from Table 1; and/or
wherein a modification at position D/E is a
substitution of D or E by an amino acid residue
selected from among A, S, E, I, V, L, F, C, M, G, T,W,
Y, P, H, Q, N, K, R and a modified or unusual amino
acid from Table 1; and/or wherein a modification at
position (y) is a substitution by an amino acid
residue selected from among I, F, C, M, A, G, T, W, Y,
P, H, E, Q, D, N, K, R, S, L, V, and a modified or
unusual amino acid from Table 1. [0026] Unmodified
diphtheria toxins can have, for example, an amino acid
sequence of SEQ ID NO: 2 or 200 or an amino acid
sequence of any one of SEQ ID NOS: 4-147. [0027] In
one embodiment, a modified diphtheria toxin contains
one or more modifications selected from among V7T,
V7N, V7D, D8N, S9A, S9T, S9G, V29N, V29D, V29T, D30N,
S3 IG, S3IN, I290T, D291E, S292A, S292G and S292T.
[0028] In one embodiment, a modified diphtheria toxin
contains two modifications. Such modified diphtheria
toxins can contain a combination of mutations such as,
for example, V7N V29N, V7N V29T, V7N V29D, V7T V29N,
V7T V29T or V7T V29D. [0029] In one embodiment, a
modified diphtheria toxin contains three
modifications. Such modified diphtheria toxins can
contain a combination of mutations such as, for
example, V7N V29N I290N,V7N V29N I290T, V7N V29N
S292A, V7N V29N S292T, V7N V29T I290N, V7N V29T I290T,
V7N V29T S292A, V7N V29T S292T, and V7T V29T I290T.
[0030] Compositions comprising modified diphtheria
toxins exhibit (have) reduced immunogenicity (modified
Tcell epitopes and/or B-cell epitopes) and reduced
binding activity to human vascular endothelial cells
(HUVECs) compared to an unmodified diphtheria toxin.
Such compositions can further comprise a
non-diphtheria toxin polypeptide including, but not
limited to, an antibody or antigen-binding fragment
thereof, EGF, IL-I, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-Il, IL-12, IL-13, IL-14,
IL-15, INF , INFg, GM-CSF, G-CSF, M-CSF, TNF, VEGF,
Ephrin, BFGF and TGF. The non-diphtheria toxin
polypeptide can also be a fragment of such
polypeptides, such as a cell-binding portion thereof.
In one embodiment, the non-diphtheria toxin
polypeptide is IL- 2 or a cell-binding portion
thereof. [0031] Provided herein is a modified
diphtheria toxin made by a process of (i) identifying
at least one T-cell epitope within diphtheria toxin,
and (ii) modifying at least one amino acid residue
within at least one T-cell epitope identified in (i),
wherein said modified diphtheria toxin exhibits
reduced immunogenicity compared to an unmodified
toxin. [0032] Also provided herein is a method of
selecting a modified diphtheria toxin exhibiting
reduced immunogenicity and reduced binding to
endothelial cells compared to an unmodified toxin
comprising (i)identifying at least one T-cell epitope
wit in the amino acid sequence of a diphtheria toxin
of SEQ ID NO. 2 or 200, (ii) modifying at least one
amino acid residue within at least one T-cell epitope
identified in (i), (iii) modifying at least one amino
acid residue within the regions selected from the
group consisting of residues 7-9, 29-31, and 290- 292
of SEQ ID NO. 2 or 200, wherein said modified
diphtheria toxin exhibits reduced immunogenicity and
reduced binding to endothelial cells compared to an
unmodified toxin, (iv) analyzing the modified amino
acid sequence of the modified diphtheria toxin to
confirm that at least one T-cell epitope or at least
one VLS motif have been modified, and (v) selecting a
modified diphtheria toxin exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin. [0033] Provided
herein is a method of making modified diphtheria toxin
exhibiting reduced immunogenicity compared to an
unmodified toxin comprising: (i) identifying at least
one T-cell epitope within the amino acid sequence of a
diphtheria toxin of SEQ ID NO. 2 or 200; and (ii)
modifying at least one amino acid residue within at
least one T-cell epitope identified in (i). [0034]
Further provided herein is a method of making a
modified diphtheria toxin exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin comprising: (i)
identifying at least one T-cell epitope within the
amino acid sequence of a diphtheria toxin of SEQ ID
NO. 2 or 200; (ii) modifying at least one amino acid
residue within at least one T-cell epitope identified
in step (i); and (iii) 



modifying at least one amino acid residue within the
regions selected from the group consisting of residues
7-9, 29- 31, and 290-292 of SEQ ID NO. 2 or 200,
wherein said modified diphtheria toxin exhibits
reduced immunogenicity and reduced binding to
endothelial cells compared to an unmodified toxin.
[0035] Further provided herein is a method of making a
modified diphtheria toxin exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin comprising: (i)
identifying at least one T-cell epitope within the
amino acid sequence of a diphtheria toxin of SEQ ID
NO. 2 or 200; (ii) modifying at least one amino acid
residue within at least one T-cell epitope identified
in (i); (iii) modifying at least one amino acid
residue within the regions selected from the group
consisting of residues 7-9, 29-31, and 290- 292 of SEQ
ID NO. 2 or 200; (iv) analyzing the modified amino
acid sequence of the modified diphtheria toxin to
identify whether the modification of a T-cell epitope
created a VLS motif; and (v) modifying said VLS motif
identified in (iv), wherein said modified diphtheria
toxin exhibits reduced immunogenicity and reduced
binding to endothelial cells compared to an unmodified
toxin. [0036] Further provided herein is a method of
making a modified diphtheria toxin exhibiting reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin comprising: (i)
identifying at least one T-cell epitope within the
amino acid sequence of a diphtheria toxin of SEQ ID
NO. 2 or 200; (ii) modifying at least one amino acid
residue within at least one T-cell epitope identified
in (i); (iii) modifying at least one amino acid
residue within the regions selected from the group
consisting of residues 7-9, 29-31, and 290- 292 of SEQ
ID NO. 2 or 200; (iv) analyzing the modified amino
acid sequence of the modified diphtheria toxin to
identify whether the modification of a VLS motif
created a T-cell epitope; and (v) modifying said
T-cell epitope identified in (iv), wherein said
modified diphtheria toxin exhibits reduced
immunogenicity and reduced binding to endothelial
cells compared to an unmodified toxin.. [0037]
Provided herein is a method of selecting a modified
diphtheria toxin wherein said modified diphtheria
toxin has lost at least one B-cell epitope comprising
(i) obtaining a serum sample from a subject immunized
with a diphtheria toxin vaccine, wherein said serum
contains antibodies against said diphtheria toxin
vaccine; (ii) contacting said serum with one or more
modified diphtheria toxins wherein binding of said
antibodies to said modified diphtheria toxin forms a
complex; (iii) detecting the presence or absence of
said complex, wherein if acomp ex s etecte , t e mo e
p t e a tox n as not ost at east one -ce ep tope and
if a re uced leve o complex is detected, the modified
diphtheria toxin has lost at least one B-cell epitope;
and (iv) selecting a modified diphtheria toxin that
has lost at least one B-cell epitope. [0038] Provided
herein are pharmaceutical compositions comprising a
modified toxin and a pharmaceutically acceptable
carrier or excipient. [0039] Provided herein is a
method for treating malignant diseases and
non-malignant diseases such as GVHD in a mammal
comprising administering a therapeutically effective
amount of a pharmaceutical composition described
herein to said mammal. [0040] Malignant diseases can
be a blood cancer. Malignant diseases can be a solid
tumor. Malignant diseases also can be a metastasis.
Exemplary blood cancers include, but are not limited
to, acute myelogenous leukemia, cutaneous T-cell
lymphoma, relapsed/refractory T-cell non-Hodgkin
lymphoma, relapsed/refractory B-cell non- Hodgkin
lymphoma, panniculitic T-cell lymphoma, extranodal
natural killer/T cell lymphoma, nasal type, chronic
lymphocytic leukemia, solid tumor and human T-cell
lymphotrophic virus 1-associated acute T cell
leukemia/lymphoma. Exemplary solid tumors include, but
are not limited to, those of a tissue or organ
selected from among skin, melanoma, lung, pancreas,
breast, ovary, colon, rectum, stomach, thyroid,
laryngeal, prostate, colorectal, head, neck, eye,
mouth, throat, esophagus, chest, bone, testicular,
lymph, marrow, bone, sarcoma, renal, sweat gland,
liver, kidney, brain, gastrointestinal tract,
nasopharynx, genito-urinary tract, muscle, and the
like tissues.. Metastasis include, but are not limited
to, metastatic tumors of any of the solid tumors
described. [0041] Non-malignant diseases include, for
example, GVHD, aGVHD and psoriasis. [0042] Provided
herein is a method of enhancing activity of an
anti-cancer agent (e.g., RNA transfected DCs, anti-
CLTA4 antibodies, MISIIR scFvs, etc.), by
administering a DT variant-IL2 fusion protein
described herein. In one embodiment, a DT variant-IL2
fusion protein is administered followed by
administration of the anti-cancer agent. In one
non-limiting example, the DT variant-IL2 fusion
protein is administered at least four (4) days prior
to the anti-cancer agent. [0043] Also provided herein
is a method of treating a metastatic cancer via
reduction or elimination of Tregs by administering an
anti-cancer agent (e.g., RNA transfected DCs,
anti-CLTA4 antibodies, MISIIR scFvs, etc.) and a DT
variant-IL2 fusion protein described herein.
Metastatic tumors include, for example, metastatic
renal cell carcinoma, metastatic prostate cancer,
metastatic ovarian cancer and metastatic lung cancer.
In one embodiment, a DT variant-IL2 fusion protein is
administered followed by administration of the
anti-cancer agent. In one nonlimiting example, the DT
variant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent. [0044]
In another aspect, provided herein is a method of
treating a prostate tumor, an ovarian tumor, a lung
tumor or a melanoma via reduction or elimination of
Tregs by administering an anti-cancer agent (e.g., RNA
transfected DCs, anti-CLTA4 antibodies, MISIIR scFvs,
etc.) and a DT variant-IL2 fusion protein described
herein. In one embodiment, a DT variant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent. In one non-limiting example,
the DT variant-IL2 fusion protein is administered at
least four (4) days prior to the anti-cancer agent.
BRIEF DESCRIPTION OF THE DRAWINGS [0045] Figure 1.
Frequency of Allotypes in Donor Population. A
comparison of the frequency of donor allotypes
expressed in the study cohort and the world
population.gure . -ce p tope ap an onor esponses. +
-ce ep tope map of T-1 using overlapping peptides
tested against 5 1 healthy donors. The background
response rate (5.6%) is indicated by the red dotted
line. Any peptide inducing responses above this
threshold contains a T- cell epitope (indicated by a +
symbol) [0047] Figure 3. DT T-cell Epitope 1. Epitope
1 was identified using EpiScreen(tm) T-cell epitope
mapping. Three donors responded to peptide 2 (donors
30, 36 and 47). The proposed 9mer binding register for
peptide 2 (SEQ ID NO: 161) is shown with p i and p9
anchor residues indicated. Peptides 1 and 3 (SEQ ID
NOS: 158 and 160) are shown for comparison. [0048]
Figure 4. DT T-cell Epitope 2. Epitope 2 was
identified using EpiScreen(tm) T-cell epitope mapping.
Four donors responded to peptide 3 1 (donors 12, 23,
30 and 36). The proposed 9mer binding register for
peptide 3 1 (SEQ ID NO: 162) is shown with p i and p9
anchor residues indicated. Peptide 32 (SEQ ID NO: 163)
is also shown for comparison. [0049] Figure 5. DT
T-cell Epitope 3. Epitope 3 was identified using
EpiScreen(tm) T-cell epitope mapping. Three donors
responded to peptide 35 (donors 1, 2 and 35). The
proposed 9mer binding register for peptide 35 (SEQ ID
NO: 166) is shown with pi and p9 anchor residues
indicated. Peptide 34 (SEQ ID NO: 165) is shown for
comparison. [0050] Figure 6. DT T-cell Epitope 4.
Epitope 4 was identified using EpiScreen(tm) T-cell
epitope mapping. Three donors responded to peptide 39
(donors 5, 15 and 50). The proposed 9mer binding
register for peptide 39 (SEQ ID NO: 169) is shown with
p i and p9 anchor residues indicated. [0051] Figure 7.
DT T-cell Epitope 5. Epitope 5 was identified using
EpiScreen(tm) T-cell epitope mapping. Six donors
responded to peptides 40, 4 1 and 42. The proposed
9mer binding register for this region (SEQ ID NO: 173)
is shown with p i and p9 anchor residues indicated.
[0052] Figure 8. DT T-cell Epitope 6. Epitope 6 was
identified using EpiScreen(tm) T-cell epitope mapping.
Three donors (donors 30, 39 and 49) responded to
peptide 49. The proposed 9mer binding register for
this region (SEQ ID NO: 175) is shown with p i and p9
anchor residues indicated. [0053] Figure 9. DT T-cell
Epitope 7. Epitope 7 was identified using
EpiScreen(tm) T-cell epitope mapping. Four donors
(donors 1, 15, 30 and 35) responded to peptides 100.
The proposed 9mer binding register for peptide 100
(SEQ ID NO: 178) is shown with p i and p9 anchor
residues indicated. Peptide 99 (SEQ ID NO: 176) is
also shown for comparison. [0054] Figure 10. DT T-cell
Epitope Map. Position of CD4+ T-cell epitopes within
the sequence of DT-I. T-cell epitopes identified by T
cell epitope mapping are shown as bars that contain
the responding donor identifiers above the sequence.
[0055] Figure 11. Frequency of Donor Allotype Response
to DT Peptides . Pie chart representation of the
frequency (shown as percentages) of responding donor
allotypes compared to the frequency expressed in the
study population. The analysis was restricted to
epitopes that induced a response in more than 8% of
the study cohort, and to allotypes expressed at
frequencies greater than 5% in the study population.
[0056] Figure 12. DT Peptide Stimulation Indices for
Non-adjusted Donor Data. Stimulation indices
highlighted in bold text indicate a positive response
(SI>2.0, p . <0.05). Numbers highlighted in italicized
text indicate a borderline result (SI>1.9, p<0.05).
Donors 13, 20, and 38 were excluded from the analysis
due to very low CPM. [0057] Figure 13. DT Peptide
Stimulation Indices for Adjusted Donor Data.
Stimulation indices highlighted in bold text indicate
a positive response (SI>2.0, p. O.05). Numbers
highlighted in italicized text indicate a borderline
result (SI>1.9, r<0.05). Donors 13, 20, and 38 were
excluded from the analysis due to very low CPM.5 ]
gure . -type DR amon s n te transc pt on trans at on
of T7-luc plasmi to a greater extent than the null
construct (asterisk) in an IVTT assay. [0059] Figure
15. DT specific antibodies detected DT bound to the
surface of endothelial cells. Binding of a DT variant
(DT-Glu52; CRM mutant) to HUVEC cells and detection by
antibodies using FACS analysis. Black bars are 



results using no binding agents. Diagonal hatching
indicates assay controls using various conditions as
described. Cross-hatching indicates DT variant in the
presence of detection antibodies (DT + Goat pAb
anti-DT (Serotec) +anti-gt-PE). [0060] Figure 16.
Binding of ONTAK-A1488 and DT-Glu52-A1488 to HUVEC
cells - detection by antibody by FACS. ONTAK(r)-A1488
6:1 D:P (yellow top line; diamonds); DT-Glu52-A1488
3:1 D:P (red middle line; circles); and DT-Glu52-A1488
2 :1 D:P (green bottom line; triangles). [0061] Figure
17. HUVEC cells were tested for IL-2R expression by
FACS: it was confirmed that ONTAK(r)- A1488 is not
binding via IL-2 receptors. [0062] Figure 18.
Illustrates cell membrane integrity assays using
propidium iodide and FACS to measure loss of integrity
of cell membrane after short incubation with toxins.
ONTAK(r) (diamonds), DT-Glu52 (squares) and rhlL- 2
(triangles). ONTAK (containing 4 VLS motifs) appears
to cause more membrane damage than either DT-Glu52 (3
VLS motifs) or rhIL-2 ( 1 VLS motif). [0063] Figure
19. Cytotoxicity assays are utilized to confirm
activity of DT-IL2 T cell epitope and VLS variant
leads selected in IVTT assays. ONTAK(r) (diamonds),
recombinant human IL-2 (rhIL-2; squares) and control
(triangles) illustrate that ONTAK(r) is cytotoxic.
[0064] Figure 20. Illustrates ADP Ribosylation
activity of variants relative to wild-type (WT).
Threshold for the assay was 0.5. Bars marked with "!"
or "*" indicate statistically significant results.
[0065] Figure 2 1. Illustrates design of a
representative number of epitope variants. [0066]
Figure 22. Illustrates ADP Ribosylation activity of
variants relative to wild-type (WT). Threshold for the
assay was 0.5. [0067] Figure 23. Inhibition of in
vitro transcription/translation of target
T7-luciferase plasmid, by wild-type and epitope (Ep)
variants of DT, was measured using the T7-coupled
reticulocyte lysate kit and SteadyGlo
chemiluminescence reagents (Promega). IC50Swere
determined and value for wild-type DT was divided by
the value for each epitope variant to calculate the
activity ratio plotted (Y axis). Mean values from
replicate experiments (n=3) are shown. 1 = WT
activity. 0.5 = threshold of minimum acceptable
activity. [0068] Figure 24. Shows the relative
activities of epitope variants of DT382 compared to
wild type DT382 in the inhibition of protein
synthesis. [0069] Figure 25. Shows the relative
activities of VLS DT variants compared to wild type DT
in the inhibition of protein synthesis. [0070] Figure
26. Shows binding of labeled VLS variants to HUVEC
cells. DT389-IL2 is shown as closed diamonds (), DT382
is shown as closed squares (), DT382(V7N V29T S292T)
is shown as closed triangles (A),DT382(V7N V29T I290N)
is shown as an "x," and BSA is shown as a closed
circle (). [0071] Figure 27. Provides IC50 data for
modified DT variants compared to wild-type and a null
DT variant. WT is shown as closed diamonds (), null DT
variant is shown as open squares (Q), DT29N is shown
as a "+" symbol, S30G is shown as a closed triangle
(A), and V148A is shown as an asterisk (*). [0072]
Figure 28. The following T-cell map of DAB398 (DT) was
generated using iTope(tm) T cell epitope prediction
software. Regions that potentially contain T cell
epitopes are underlined with the potential p i anchor
residues in bold. Location of T cell epitopes
identified using ex vivo T cell assays are highlighted
in boxes.[0073] Figure 29. Provides the IC50 data for
of quadruple T cell epitope DT variants. [0074] Figure
30. Binding of ONTAK-488, control DT(DR)-488 and
BSA-488 to HUVEC cells - detection by antibody by
FACS. ONTAK(r)-488 2.8: 1 D:P (top line; plus sign
"+"); control DT(DR)-488 3:1 D:P (second top line;
circles "*");BSA-488 7:1 D:P (middle line; asterisks
"*"), BSA-488 5:1 D:P (second bottom line; "x") and
BSA-488 2.6:1 D:P (bottom line; triangles "A"). [0075]
Figure 3 1. Provides amino acid sequences of wild type
DT382, DT382 variants, and null construct DT382(G53E).
Underlined sequences are vector/tag sequences;
enterokinase cleavage site highlighted in italicized
text; and mutations from WT sequences are shown in
bold text. INCORPORATION BY REFERENCE [0076] All
publications and patent applications mentioned in this
specification are herein incorporated by reference to
the same extent as if each individual publication or
patent application was specifically and individually
indicated to be incorporated by reference. DETAILED
DESCRIPTION OF THE INVENTION [0077] It is to be
understood that this application is not limited to
particular formulations or process parameters, as
these may, of course, vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and
is not intended to be limiting. Further, it is
understood that a number of methods and materials
similar or equivalent to those described herein can be
used in the practice of the present invention(s). In
accordance with the present application, there may be
employed conventional molecular biology, microbiology,
and recombinant DNA techniques within the skill of the
art. Such techniques are explained fully in the
literature. See, e.g., Sambrook et al, "Molecular
Cloning: A Laboratory Manual" (1989); "Current
Protocols in Molecular Biology" Volumes UII [Ausubel,
R. M., ed. (1994)]; "Cell Biology: A Laboratory
Handbook" Volumes I-III [J. E. Celis, ed. (1994))];
"Current Protocols in Immunology" Volumes I-III
[Coligan, J. E., ed. (1994)]; "Oligonucleotide
Synthesis" (MJ. Gait ed. 1984); "Nucleic Acid
Hybridization" [B.D. Hames & S.J. Higgins eds.
(1985)]; "Transcription And Translation" [B.D. Hames &
SJ. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I
. Freshney, ed. (1986)]; "Immobilized Cells And
Enzymes" [IRL Press, (1986)]; B. Perbal, "A Practical
Guide To Molecular Cloning" (1984), each of which is
specifically incorporated herein by reference in its
entirety. I. METHODS OF IDENTIFYING T-CELL EPITOPES
[0078] Recently, techniques exploiting soluble
complexes of recombinant MHC molecules in combination
with synthetic peptides have come into use [Kern, F.
et al (1998) Nature Medicine 4:975-978; Kwok, W.W. et
al (2001) Trends in Immunol. 22:583-588]. These
reagents and procedures are used to identify the
presence of T-cell clones from peripheral blood
samples from human or experimental animal subjects
that are able to bind particular MHCpeptide complexes
and are not adapted for the screening multiple
potential epitopes to a wide diversity of MHC
allotypes. [0079] Biological assays of T-cell
activation remain the best practical option to
providing a reading of the ability of a test
peptide/protein sequence to evoke an immune response.
Examples of this kind of approach include the work of
Petra et al using T-cell proliferation assays to the
bacterial protein staphylokinase, followed by epitope
mapping using synthetic peptides to stimulate T-cell
lines [Petra, A. M. et al (2002) J. Immunol. 168:
155-161]. Similarly, Tcell proliferation assays using
synthetic peptides of the tetanus toxin protein have
resulted in definition of immunodominant epitope
regions of the toxin [Reece J . C. et al (1993) J .
Immunol. 151: 6175-6184]. W099/53038isc oses an
approac w ere y -ce epitopes n a test protein may e
etermine using iso ate su -sets o uman immune cells,
promoting their differentiation in vitro and culture
of the cells in the presence of synthetic peptides of
interest and measurement of any induced proliferation
in the cultured T-cells. The same technique is also
described by Stickler et al [Stickler, M. M. et al
(2000) J. Immunotherapy 23.654-660]; where in both
instances the method is applied to the detection of
T-cell epitopes within bacterial subtihsm. Such a
technique requires careful application of cell
isolation techniques and cell culture with multiple
cytokine supplements to obtain the desired immune cell
sub sets (dendritic cells, CD4+ and or CD8+ T-cells).
[0080] Published Application WO 02/069232 describes an
in sihco technique to define MHC class II ligands for
multiple proteins of therapeutic interest. However,
for reasons such as the requirement for proteolytic
processing and other physiologic steps leading to the
presentation of immunogenic peptides in vivo, it is
clear that a relatively minor sub-set of the entire
repertoire of peptides definable by computer-based
schemes will have ultimate biological relevance. Thus,
ex vivo human T-cell activation assays may be used to
identify the regions within the protein sequence of a
toxin that are able to support T-cell activation and
are thereby most biologically relevant to the problem
of immunogenicity in this protein. As used herein,
"T-cell epitope" refers to an amino acid sequence
which is able to bind MHC class II, able to stimulate
T-cells and/or also to bind (without necessarily
measurably activating) T-cells in complex with MHC
class II [0081] According to a method disclosed
herein, synthetic peptides are tested for their
ability to evoke a proliferative response m human
T-cells cultured in vitro. The T-cells are present
within peripheral blood mononuclear cell (PBMC) layer
readily obtainable by well known means from whole
blood samples. Moreover, the PBMC preparation contams
physiological ratios of T-cells and antigen presenting
cells and is, therefore, a good source of materials
with which to conduct a surrogate immune reaction in
vitro. In the operation of such an assay, a
stimulation index approaching or exceedmg 2.0 is a
useful measure of induced proliferation. However, the
stimulation index may be different depending upon the
toxm and may be established with reference to a
baseline for each toxin and corresponding peptide
library. In one example of such testing, the
stimulation index (SI) may be conventionally derived
by division of the proliferation score (e g. counts
per minute of radioactivity if using for example
3H-thymidine incorporation) measured to the test
peptide by the score measured in cells not contacted
with a test peptide. Peptides which evoke no response
may give a SI=LO although SI values in the range
0.8-1.2 may also be unremarkable. A number of
technical procedures can be built into the operation
of such assays in order to ensure confidence in the
recorded scores. Typically all determinations are made
at least in triplicate and the mean score may be
computed Where a computed SI= >2.0, individual scores
of the triplicate can be examined for evidence of
outlying data. Test peptides are contacted with cells
in at least two different concentrations and the
concentrations would typically span a minimum two-fold
concentration difference. Such a concentration range
provides an off-set to the kinetic dimension to the
assay and may be useful where a single time point
determination, for example at plus 



day 7, is being conducted. In some assays, multiple
tune course determinations may be conducted and these
too may be made using peptide immunogen provided at a
minimum of two different concentrations. Similarly the
inclusion of control peptides for which there is
expectation that the majority of PBMC donor samples
will be responsive may be included m each assay plate.
The influenza haemagglutmin peptide 307-309, sequence
PKYVKQNTLKLA (SEQ ID NO: 201); and the Chlamydia HSP
60 peptide sequence KVVDQIKKISKPVQH (SEQ ID NO: 202)
are examples of control peptides to be used in such an
assay. Alternatively, or in addition, assays could
also use a potent whole protein antigen, such as
hemocyanin from Keyhole Limpet, to which all PBMC
samples would be expected to exhibit an SI
significantly greater than 2.0. Other control antigens
for such use will be well-known in the art.e met o s
sc ose ere n can prov e an ep tope map o a toxn w ere
t e map as re evance to a w e spectrum of possible MHC
allotypes. The map may be sufficiently representative
to allow the design or selection of a modified protein
for which the ability of the protein to evoke a T-cell
driven immune response may be eliminated or at least
ameliorated for the majority of patients to whom the
protein is likely to be administered. Amelioration can
refer to a reduction in an immune response (i.e.,
reduced immunogenicity) compared to an unmodified
protein (e.g. about 1.5 fold less, about 2 fold less,
about 5 fold less, about 10 fold less, about 20 fold
less, about 50 fold less, about 100 fold less, about
200 fold less, about 500 fold less or more, or any
range therein). Alternatively, a protein or toxin with
reduced immunogenicity can refer to a percent
reduction in its ability to elicit an immune response
compared to an unmodified protein (e.g. about 1% less,
about 2% less, about 3% less, about 4% less, about 5%
less, about 10% less, about 20% less, about 50% less,
about 100% less, and any range therein). Accordingly
in the practice of the screening process, PBMC derived
T-cells from naive donors are collected from a pool of
donors of sufficient immunological diversity to
provide a sample of at least greater than 90% of the
MHC class II repertoire (HLA-DR) extant in the human
population. Where a naive T-cell response is to be
detected to a given synthetic peptide, the peptide in
practice is contacted with PBMC preparations derived
from multiple donors in isolation; the numbers of
donors (or "donor pool" size), is for practical
purposes not likely to be less than 20 unrelated
individuals and all samples in the donor pool may be
pre-selected according to their MHC class II
haplotype. [0083] As used herein, the term "naive
donor" refers to a subject that has not been
previously exposed to a toxin, either environmentally,
by vaccination, or by other means such as, for
example, blood transfusions. [0084] It is noted that
individuals in certain countries are routinely
vaccinated against toxins or have been exposed to
environmental sources of exogenous toxin and
toxin-like proteins such as, for example, diphtheria
toxin. In such individuals, there is a likelihood of a
recall response as measure by an increased SI score as
described above. [0085] When screening for T-cell
epitopes, T-cells can be provided from a peripheral
blood sample from a multiplicity of different healthy
donors but who have not been in receipt of the protein
therapeutically. If needed, patient blood samples can
be tested for the presence of a particular polypeptide
using conventional assays such as an ELISA which uses
antibodies to identify the presence or absence of one
or more polypeptides. The assay is conducted using
PBMC cultured in vitro using conventional procedures
known in the art and involves contacting the PBMC with
synthetic peptide species representative of the
protein of interest (i.e. a library), and following a
suitable period of incubation, measurement of peptide
induced T cell activation such as cellular
proliferation. Measurement can be by any suitable
means and may, for example, be conducted using
H3-thymidine incorporation whereby the accumulation of
H3 into cellular material is readily measured using
laboratory instruments. The degree of cellular
proliferation for each combination of PBMC sample and
synthetic peptide can be examined relative to that
seen in a non-peptide treated PBMC sample. Reference
may also be made to the proliferative response seen
following treatment with a peptide or peptides for
which there is an expected proliferative effect. In
this regard, it is advantageous to use a peptide with
known broad MHC restriction and especially peptide
epitopes with MHC restriction to the DP or DQ
isotypes, although the invention is not limited to the
use of such restricted peptides. Such peptides have
been described above, for example, with respect to
influenza haemagglutinin and chlamydia HSP60. [0086]
In one non-limiting example, T-cell epitopes for
diphtheria toxin (DT) are mapped and subsequently
modified using the methods described herein. To
facilitate assembly of an epitope map for DT, a
library of synthetic peptides is produced. Each of the
peptides is 15 amino acid residues in length and each
overlapped the next peptide in the series by 12 amino
acid residues; i.e. each successive peptide in the
series incrementally added a further 3 amino acids to
the analysis. In this way, any given adjacent pair of
peptides mapped 18 amino acids of contiguous sequence.
One method for defining a T-cell map for DT using
naive T-cell assays is illustrated in the_ xamp e iac
o e pep i es i en i ie via e me o o e ine a -ce map o
e toxin are suggested o e able to bind MHC class II
and engage at least one cognate TCR with sufficient
affinity to evoke a proliferative burst detectable in
the assay system II. METHODS OF MODIFYING TOXINS
[0087] The toxin molecules described herein can be
prepared m any of several ways including the use of
recombinant methods The protein sequences and
information provided herein can be used to deduce a
polynucleotide (DNA) encoding an amino acid sequence
This can be achieved for example using computer
software tools such as the DNSstar software suite
[DNAstar Inc, Madison, Wis , USA] or similar Any such
polynucleotide encoding the polypeptides or
significant homologues, variants, truncations,
elongations, or further modifications thereof, are
contemplated herein [0088] Provided herein are methods
of mapping (identifying) T-cell epitopes of toxms and
modifying the epitopes such that the modified sequence
reduces (partially or completely) induction of a
T-helper response Modification includes amino acid
substitutions, deletions, or insertion made m codons
of a polynucleotide encoding modified polypeptides to
affect similar changes Codons encoding amino acid
residues are well known in the art It is possible to
use recombinant DNA methods to achieve directed
mutagenesis of the target sequences and many such
techniques are available, described herein, and known
in the art such as described above In general, the
technique of site-specific mutagenesis is well known
Briefly, a bacteriophage vector that produces a single
stranded template for oligonucleotide directed PCR
mutagenesis is employed Phage vectors (e g M13) are
commercially available and their use is generally well
known m the art Similarly, double stranded plasmids
are also routinely employed m site directed
mutagenesis, which eliminates the step of transferring
the polynucleotide of interest from a phage to a
plasmid Synthetic oligonucleotide primers bearing the
desired mutated sequence can be used to direct the in
vitro synthesis of modified (desired mutant) DNA from
this template and the heteroduplex DNA is used to
transform competent E coli for the growth selection
and identification of desired clones Alternatively, a
pair of primers can be annealed to two separate
strands of a double stranded vector to simultaneously
synthesize both corresponding complementary strands
with the desired mutation(s) in a PCR reaction [0089]
In one embodiment, the Quick Change site-directed
mutagenesis method using plasmid DNA templates as
described by Sugimoto et al can be employed (Sugimoto
et al , Annal Biochem , 179(2) 309-31 1 (1989)) PCR
amplification of the plasmid template containing the
insert target gene of insert is achieved using two
synthetic oligonucleotide primers containing the
desired mutation The oligonucleotide primers, each
complementary to opposite strands of the vector, are
extended during temperature cycling by
mutagenesis-grade PfuTurbo DNA polymerase On
incorporation of the oligonucleotide primers, a
mutated plasmid containing staggered nicks is
generated Amplified un-methylated products are treated
with Dpn I to digest methylated parental DNA template
and select for the newly synthesized DNA containing
mutations Since DNA isolated from most E coli strains
is dam methylated, it is susceptible to Dpn I
digestion, which is specific for methylated and
hemimethylated DNA The reaction products are
transformed into high efficiency strains of E coli to
obtain plasmids containing the desired modifications
Additional methods for introducing ammo acid
modifications into a polypeptide are well known m the
art and can also be used herein [0090] Suitable
modifications to a protein may include amino acid
substitution of particular residues or combinations of
residues For the elimination of T-cell epitopes, ammo
acid substitutions are made at appropriate points or
amino acid residues withm an ammo acid sequence
predicted to achieve reduction or elimination of the
activity of the T-cell epitope In practice, an
appropriate point or amino acid residue will
preferably equate to an amino acid residue binding
within one of the pockets provided withm the MHC class
II binding groove Suchmo ifications may a ter n ng wit
in t e rst poc et o t e c eft at t e so-ca e "Pl or
"Pl anchor" position of the peptide. The quality of
binding interaction between the P l anchor residue of
the peptide and the first pocket of the MHC class II
binding groove is recognized as being a major
determinant of overall binding affinity for the whole
peptide. An appropriate substitution at this position
of the amino acid sequence will generally incorporate
an amino acid residue less readily accommodated within
the pocket (e.g., substitution to a more hydrophilic
residue). Amino acid residues in the peptide at
positions equating to binding within other pocket
regions within the MHC binding cleft are also
considered and fall under the scope of the present.
[0091] It is understood that single amino acid
modifications within a given potential T-cell epitope
represent one route by which one or more T-cell
epitopes maybe eliminated. Combinations of
modifications within a single epitope may be
contemplated and can be appropriate where individually
defined epitopes are in overlap with each other.
Moreover, amino acid modifications (either singly
within a given epitope or in combination within a
single epitope) may be made at positions not equating
to the "pocket residues" with respect to the MHC class
II binding groove, but at any point within the amino
acid sequence. Modifications may be made with
reference to a homologous structure or structural
method produced using in silico techniques known in
the art and described herein may be based on known
structural features of the polypeptide. A change
(modification) may be contemplated to restore
structure or biological activity of the variant
molecule. Such compensatory changes and changes may
also include deletion or addition (insertion) of
particular amino acid residues from a polypeptide.
Additionally, modifications can be made that alter the
structure and/or reduce the biological activity of the
molecule and also eliminate a T-cell epitope, thus
reducing the immunogenicity of the molecule. All types
of modifications are 



contemplated herein. [0092] An additional means of
removing epitopes from protein molecules is the
concerted use of a naive T-cell activation assay
scheme as outlined herein together with an in silico
tool developed according to the scheme described in WO
02/069232 which is also incorporated fully herein by
reference. The software simulates the process of
antigen presentation at the level of the
polypeptide-MHC class II binding interaction to
provide a binding score for any given polypeptide
sequence. Such a score is determined for many of the
predominant MHC class II allotypes extant in the
population. As this scheme is able to test any
polypeptide sequence, the consequences of amino acid
substitutions additions or deletions with respect to
the ability of a polypeptide to interact with a MHC
class II binding groove can be predicted. Consequently
new sequence compositions can be designed which
contain reduced numbers of amino acids able to
interact with a MHC class II and thereby function as
immmunogenic T-cell epitopes. Where the biological
assay using any one given donor sample can assess
binding to a maximum of four DR allotypes, the in
silico process can test a same polypeptide sequence
using >40 allotypes simultaneously. In practice this
approach is able to direct the design of new sequence
variants which are altered in their ability to
interact with multiple MHC allotypes. As will be clear
to one in the art, multiple alternative sets of
substitutions could be arrived at which achieve the
objective of removing undesired epitopes. The
resulting sequences would however be recognized to be
closely homologous with the specific compositions
disclosed herein and therefore fall within the scope
of the present application. [0093] A combined approach
of using an in silico tool for the identification of
MHC class II ligands and design of sequence analogues
lacking MHC class II ligands, in concert with epitope
mapping and re-testing optionally using biologically
based assays of T-cell activation is an additional
method and embodiment of the present application. The
general method according to this embodiment comprises
the following steps: i) use of naive T-cell activation
assays and synthetic peptides collectively
encompassing the protein sequence of interest to
identify epitope regions capable of activating
T-cells;n) use of a computational sc eme simu ating
the binding of the pepti e gan with one or more MHC
allotypes to analyze the epitope regions identified in
step (i) and thereby identify MHC class II hgands
within the epitope region, in) use of a computational
scheme simulating the binding of the peptide hgand
with one or more MHC allotypes to identify sequence
analogues of the MHC hgands encompassed withm the
epitope region(s) which no longer bind MHC class II or
bind with lowered affinity to a lesser number of MHC
allotypes and optionally, iv) use of naive T-cell
activation assays and synthetic peptides encompassing
entirely or in collection encompassing the epitope
regions identified within the protein of interest and
testing the sequence analogues m naive T-cell
activation assay in parallel with the wild-type
(parental) sequences. [0094] In one embodiment, a
method of making a modified toxm exhibiting reduced
immunogenicity compared to an unmodified toxin
comprises identifying at least one T-cell epitope
within the amino acid sequence of a toxin and
modifying at least one ammo acid residue within at
least one identified T-cell epitope. [0095] In another
embodiment, a modified toxm exhibiting reduced
immunogenicity compared to an unmodified toxin is
produced by a process of identifying at least one
T-cell epitope within the amino acid sequence of a
toxin and modifying at least one ammo acid residue
withm at least one identified T-cell epitope [0096] In
yet another embodiment, a method of selecting a
modified toxm that exhibits reduced immunogenicity
compared to an unmodified toxm comprises identifying
at least one T-cell epitope within the amino acid
sequence of a toxin, modifying at least one ammo acid
residue withm at least one identified T-cell epitope,
and selecting a modified toxin that exhibits reduced
immunogenicity compared to an unmodified toxin DT
T-cell epitopes [0097] Also provided herein are DT
variants having or containing at least one
modification in one or more T-cell epitopes Seven (7)
T-cell epitopes have been identified within DT via the
methods described herein and further described in
Example 9 The seven T-cell epitopes comprise
diphtheria toxin amino acid sequences as set forth m
SEQ ID NOS- 181, 184, 187, 190, 193, 196 and 199 As
described herein, SEQ ID NO 181 corresponds to amino
acid residues 1-27 of SEQ IDNO 2 or 200, SEQ ID NO 184
corresponds to amino acid residues 85-117 of SEQ ID NO
2, SEQ ID NO 187 corresponds to ammo acid residues
95-127 of SEQ ID NO 2 or 200, SEQ ID NO 190
corresponds to amino acid residues 104-136 of SEQ ID
NO. 2 or 200, SEQ ID NO 193 corresponds to amnio acid
residues 112-144 of SEQ ID NO 2 or 200, SEQ ID NO 196
corresponds to ammo acid residues 136-168 of SEQ ID NO
2 or 200, and SEQ ID NO. 199 corresponds to ammo acid
residues 286-318 of SEQ ID NO 2 or 200 These epitopes
further comprise core 9-mer amino acid sequences that
are the most favorable binding registers for MHC class
II binding of the epitope (9-mer binding register) as
well as adjacent amino acid residues While the core 9-
mer binding register is believed to be the primary
epitope, residues located outside of the 9-mer binding
register have been shown to interact with MHC class II
molecules and support the stability of the peptide/MHC
class II complex The core 9-mer binding registers of
the seven identified DT T-cell epitopes have the amino
acid sequences of SEQ ID NOS: 161, 164, 167, 169, 173,
175, and 178 [0098] The T-cell epitopes described
herein can be further characterized by the regions of
the epitope Such regions include the epitope core, the
N-termmus and the C-terminus As used herein "epitope
core" refers to the core 9-mer amino acid sequences of
the T-cell epitopes The epitope core can further
include 0, 1, 2, or 3 ammo acid residues adjacent to
the core 9-mer amino acid sequence on the N-terminus
and/or the C-terrmnus Thus the epitope core, m certain
embodiments, can range in length from about 9 amino
acids up to about 15 amino acids [0099] As used
herein, "N-terminus" refers to the ammo acids adjacent
to the N-terminus of the epitope core and includes at
least 1, 2, 3, 4, 5, 6, 7, 8 or 9 amino acids adjacent
to and upstream of the N-terminus of the epitope cores
use erein, -terminus re ers to t e ammo aci s a jacent
to t e -terminus ot the epitope core an includes at
least 1, 2, 3, 4, 5, 6, 7, 8, or 9 amino acids
adjacent to and downstream of the C-termmus of the
epitope core. [00101] DT T-cell epitope 1 comprises
the 9-mer peptide having the amino acid sequence set
forth as VDSSKSFVM (SEQ ID NO: 161). As described
herein, elimination of a T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, or 15 amino acids of the epitope
core and/or modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or
more of the amino acid residues adjacent to the
N-terminus and/or the C-termmus of the epitope core.
[00102] In one non-limiting example, provided herein
are diphthepa toxins having one or more amino acid
modifications within the epitope core of DT T-cell
epitope 1 having the ammo acid sequence set forth as
SEQ ID NO: 181, wherein the amino acid modification is
by insertion, deletion, or substitution. The core
epitope of DT Tcell epitope 1 can comprise ammo acid
residues 7-15, 6-16, 5-17, 4-18 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 181. Also provided herein are diphtheria toxins
having one or more ammo acid modifications in the
N-termmus and/or the C-terminus of DT T-cell epitope 1
having the amino acid sequence set for as SEQ ID NO:
181. The N-terminus of DT T-cell epitope 1 comprises
amino acid residues 1-6, 1-5, 1-4, 1-3 or any
combination therein of the amino acid sequence set
forth as SEQ ID NO: 181. The C-termmus of DT T-cell
epitope 1 comprises the amino acid residues 16-24,
17-25, 18-26, 19-27 or any combination therein of the
ammo acid sequence set forth as SEQ ID NO: 181.
Further provided herein are modified diphtheria toxins
having one or more amino acid modifications m the
epitope core of SEQ ID NO. 181 and within the
N-terminus and/or C-terminus of SEQ ID NO: 181. In one
non-limiting example, the Pl valine residue of the
epitope core can be replaced with any ammo acid
residue to modify and/or eliminate the identified
T-cell epitope. In one embodiment, the Pl valine
residue of the epitope core can be replaced with a
polar amino acid residue such that the polar moiety of
the residue is surface exposed on the DT molecule and
the hydrophobic region is buried in order to modify
and/or eliminate the identified T-cell epitope.
Exemplary polar amino acid residues include, but are
not limited to. histidine (H), glycine (G), lysine
(K), serine (S), threonine (T), cysteine (C), tyrosine
(Y), asparagrne (N), aspartic acid /aspartate (D),
glutamic acid/glutamate (E), and glutamine (Q). One
would understand that these modifications could be
applied to the other epitopes described below. [00103]
DT T-cell epitope 2 comprises the 9-mer peptide having
the amino acid sequence set forth as VDNAETIKK (SEQ ID
NO: 164). Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9
ammo acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the ammo acid
residues of the N-termmus and/or the C-terminus. In
one non-limiting example, provided herein are
diphtheria toxins having one or more amino acid
modifications withm the epitope core of SEQ ID NO:
184, wherein the ammo acid modification is by
insertion, deletion, or substitution The core epitope
of DT T-cell epitope 2 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO 184. Also provided herein are diphtheria toxms
having one or more amino acid modifications within the
N-terminus and/or the C-termmus of DT T-cell epitope 2
having the ammo acid sequence set forth in SEQ ID NO:
184. The N-termmus of DT T-cell epitope 2 comprises
ammo acid residues 1-9, 2-10, 3-1 1, 4-12 or any
combination therein of the ammo acid sequence set
forth as SEQ ID NO 184. The C-terminus of DT T-cell
epitope 2 comprises the amino acid residues 22-30,
23-31, 24-32, 25-33 or any combination therein of the
amino acid sequence set forth as SEQ ID NO 184.
Further provided herein are modified diphtheria toxms
having one or more amino acid modifications in the
epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO. 184.n one non- imi mg examp
e, e va ine resi ue o e core -mer can e rep ace with
any amino acid resi ue to modify and/or eliminate the
identified T-cell epitope [00104] DT T-cell epitope 3
comprises the 9-mer peptide having the amino acid
sequence set forth as LGLSLTEPL (SEQ ID NO 167).
Elimination of this T-cell epitope can be achieved by
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9 amino acids
of the epitope core and/or modifying 0, 1, 2, 3, 4, 5,
6, 7, 8, 9 or more of the amino acid residues in the
N-terminus and/or the C-terminus In one non-limiting
example, provided herein are diphtheria toxins having
one or more amino acid modifications within the
epitope core of SEQ ID NO 187, wherein the amino acid
modification is 



by insertion, deletion, or substitution The core
epitope of DT T-cell epitope 3 can comprise amino acid
residues 13- 21, 12-22, 11-23, 10-24 or any
combination therein of the amino acid sequence set
forth as SEQ ID NO 187. Also provided herein are
diphtheria toxins having one or more amino acid
modifications within the N-terminus and/or the
C-termmus of DT T-cell epitope 3 having the ammo acid
sequence set forth in SEQ ID NO 187 The N-terminus of
DT T-cell epitope 3 comprises ammo acid residues 1-9,
2-10, 3-1 1, 4-12 or any combination therein of the
amino acid sequence set forth as SEQ ID NO 187 The
C-termmus of DT T-cell epitope 3 comprises the amino
acid residues 22-30, 23-3 1, 24-32, 25-33 or any
combination therein of the ammo acid sequence set
forth as SEQ ID NO- 187 Further provided herein are
modified diphtheria toxins having one or more amino
acid modifications in the epitope core and within the
N-terminus and/or the C-terminus of SEQ ID NO 187 In
one non-limitmg example, the Pl lysine residue of the
core 9-mer can be replaced with a polar amino acid
residue such that the polar moiety of the residue is
surface exposed on the DT molecule and the hydrophobic
region is buried in order to modify and/or eliminate
the identified T-cell epitope In yet another
non-limiting example, the P6 threonine and/or the P7
glutamic acid positions of the core 9-mer can be
substituted with any amino acid to modify and/or
eliminate the identified Tcell epitope [00105] DT
T-cell epitope 4 comprises the 9-mer peptide having
the amino acid sequence set forth as MEQVGTEEF (SEQ ID
NO 169) Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9
amino acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the ammo acid
residues in the N-terminus and/or the C-terminus In
one non-limitmg example, provided herein are
diphtheria toxins having one or more ammo acid
modifications within the epitope core of SEQ ID NO
190, wherein the amino acid modification is by
insertion, deletion, or substitution The core epitope
of DT T-cell epitope 4 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO 190. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
4 having the amino acid sequence set forth in SEQ ID
NO 190 The N-terminus of DT T-cell epitope 4 comprises
amino acid residues 1-9, 2-10, 3-1 1, 4-12 or any
combination therein of the ammo acid sequence set
forth as SEQ ID NO 190 The C-terminus of DT T-cell
epitope 4 comprises the ammo acid residues 22-30,
23-31, 24-32, 25-33 or any combination therein of the
amino acid sequence set forth as SEQ ID NO 190 Further
provided herein are modified diphtheria toxins having
one or more amino acid modifications in the epitope
core and withm the N-terminus and/or the C-termmus of
SEQ ID NO 190 In one non-limitmg example, the P6
threonine and/or P7 glutamic acid residues of the core
9-mer can be replaced with any amino acid to modify
and/or eliminate the identified T-cell epitope [00106]
DT T-cell epitope 5 comprises the 9-mer peptide having
the amino acid sequence set forth as FIKRFGDGA (SEQ ID
NO 173) Elimination of the T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9
amino acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the ammo acid
residues on the N-terminus and/or the C-terminus In
one non-limiting example, provided herein are
diphtheria toxins having one or more ammo acid
modifications within the epitope core of SEQ ID NO
193, wherein the amino acid modification isy inser
ion, e e ion, or su s i u ion. e core epi ope oi -ce
epi ope can comprise amino acid resi ues - 21, 12-22,
11-23, 10-24 or any combination therein of the amino
acid sequence set forth as SEQ ID NO: 193. Also
provided herein are diphtheria toxins having one or
more amino acid modifications within the N-terminus
and/or the C-terminus of DT T-cell epitope 5 having
the amino acid sequence set forth in SEQ ID NO: 193.
The N-terminus of DT T-cell epitope 5 comprises amino
acid residues 1-9, 2-10, 3-11, 4-12 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 193. The C-terminus of DT T-cell epitope 5
comprises the amino acid residues 22-30, 23-31, 24-32,
25-33 or any combination therein of the amino acid
sequence set forth as SEQ ID NO: 193. Further provided
herein are modified diphtheria toxins having one or
more amino acid modifications in the epitope core and
within the N-terminus and/or the C-terminus of SEQ ID
NO: 193. In one non-limiting example, the P4 arginine
residue, P6 glycine residue, P7 aspartic acid residue,
and/or P9 alanine residue of the core 9-mer, or any
combination therein, can be replaced to modify and/or
eliminate the identified T-cell epitope. [00107] DT
T-cell epitope 6 comprises the 9-mer peptide having
the amino acid sequence set forth as VEYINNWEQ (SEQ ID
NO: 175). Elimination of this T-cell epitope can be
achieved by modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9
amino acids of the epitope core and/or modifying 0, 1,
2, 3, 4, 5, 6, 7, 8, 9 or more of the amino acid
residues in the N-terminus and/or the C-terminus. In
one non-limiting example, provided herein are
diphtheria toxins having one or more amino acid
modifications within the epitope core of SEQ ID NO:
196, wherein the amino acid modification is by
insertion, deletion, or substitution. The core epitope
of DT T-cell epitope 6 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 196. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
6 having the amino acid sequence set forth in SEQ ID
NO: 196. The N-terminus of DT T-cell epitope 6
comprises amino acid residues 1-9, 2-10, 3-1 1, 4-12
or any combination therein of the amino acid sequence
set forth as SEQ ID NO: 196. The C-terminus of DT
T-cell epitope 6 comprises the amino acid residues
22-30, 23-31, 24-32, 25-33 or any combination therein
of the amino acid sequence set forth as SEQ ID NO:
196. Further provided herein are modified diphtheria
toxins having one or more amino acid modifications in
the epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO: 196. In one non-limiting
example, the P l valine of the core 9-mer can be
replaced with polar amino acid residues such that the
hydrophilic moiety is surface exposed and the
hydrophobic region is buried within the protein to
modify and/or eliminate the identified T-cell epitope.
[00108] DT T-cell epitope 7 comprises the 9-mer
peptide having the amino acid sequence set forth as
LEKTTAALS (SEQ ID NO: 178). Elimination of this T-cell
epitope can be achieved by modifying 0, 1, 2, 3, 4, 5,
6, 7, 8, or 9 amino acids of the epitope core and/or
modifying 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or more of the
amino acid residues in the N-terminus and/or the
C-terminus. In one non-limiting example, provided
herein are diphtheria toxins having one or more amino
acid modifications within the epitope core of SEQ ID
NO: 199, wherein the amino acid modification is by
insertion, deletion, or substitution. The core epitope
of DT T-cell epitope 7 can comprise amino acid
residues 13-21, 12-22, 11-23, 10-24 or any combination
therein of the amino acid sequence set forth as SEQ ID
NO: 199. Also provided herein are diphtheria toxins
having one or more amino acid modifications within the
N-terminus and/or the C-terminus of DT T-cell epitope
7 having the amino acid sequence set forth in SEQ ID
NO: 199. The N-terminus of DT T-cell epitope 7
comprises amino acid residues 1-9, 2-10, 3-1 1, 4-12
or any combination therein of the amino acid sequence
set forth as SEQ ID NO: 199. The C-terminus of DT
T-cell epitope 7 comprises the amino acid residues
22-30, 23-31, 24-32, 25-33 or any combination therein
of the amino acid sequence set forth as SEQ ID NO:
199. Further provided herein are modified diphtheria
toxins having one or more amino acid modifications in
the epitope core and within the N-terminus and/or the
C-terminus of SEQ ID NO: 199.n one em o iment, t e
eucine o t e core -mer can e rep ace wit any amino
acid to modiiy and/or eliminate the identified T-cell
epitope. [00109] In one embodiment, a modified
diphtheria toxin of contains one or more modifications
selected from among V7S, V7T, D8E, S9A, S9T, V29S,
V29T, V29N, V29D, D30E, S3 IN, I290T, D291E, S292A,
S292T, V97A, V97T, V97D, L107N, Ml 16A, Ml 16Q, Ml
16N, F124H, V148A, V148T, L298A, and L298N. [00110] In
one embodiment, a modified diphtheria toxin contains
two modifications selected from among V7N, V7T, V29N,
V29T, and V29D. Modifications include, but are not
limited to, V7N V29N, V7N V29T, V7N V29D, V7T V29N,
V7T V29T or V7T V29D. [00111] In one embodiment, a
modified diphtheria toxin contains three modifications
selected from among V7D, V7N, V7T, L107A, L107N, and
F124H. Modifications include, but are not limited to,
V7D L107A F124H, V7D L107N F124H, V7N L107A F124H, V7N
L107N F124H, V7T L107A F124H, and V7T L107N F124H.
[00112] In one embodiment, a DT variant contains four
modifications such as, for example, V7D V97D L107N
F124H, V7N V97D L107N F124H, V7T V97A L107N F124H, V7T
V97D L107N F124H, V7T V97T L107N F124H, V7D V97A L107N
F124H, V7D V97T L107N F124H, V7N V97A L107N F124H, and
V7N V97T L107N F124H. [00113] In addition to the
aforementioned examples and embodiments, modified
diphtheria toxins with one or more amino acid
modifications in one or more T-cell epitopes are
contemplated herein. In one non-limiting example,
provided herein are diphtheria toxins having at least
one modification in at least one T-cell epitope. In
another nonlimiting example, provided herein is a
diphtheria toxin having at least one amino acid
modification in 1, 2, 3, 4, 5, 6, or 7of the T-cell
epitopes described above. Additional non-limiting
examples include diphtheria toxins having more than
one amino acid modification in more than one T-cell
epitope. Any combination of the amino acid
modifications in any number of the DT T-cell epitopes
described above are contemplated herein. DT T-cell
epitopes and allotype frequency [00114] Individual
epitopes found within antigens can be preferentially
presented by specific MHC class II allotypes, and
similarly other specific epitopes within the same
antigen may not be presented on MHC class II molecules
at all. Such associations of particular epitopes with
specific MCH class II molecules have been shown to
depend upon the MHC class II allotype of the
individual. The association of a specific epitope with
a specific allotype can also be considered when
modifying DT for the removal of T-cell epitopes. Such
considerations can allow for the highly specific
modification of a DT molecule for specific allotypes
(e.g. for specific populations of subjects having
certain MHC class II allotypes). The MHC class II
allotype of a subject or subjects can be easily
determined by genotyping methods known in the art, and
the association of DT T-cell epitopes with the given
allotype thus easily identified, for consideration in
modification of a toxin tailored to that allotype.
Identification of associations between DT T-cell
epitopes and MHC class II allotypes are shown in
Example 9, Table 5, and Figure 12. Contemplated herein
are modified toxins that have T-cell epitope
modifications tailored to the MHC class II 



associations identified for the given epitopes of the
toxin. [00115] Based on the teachings of the present
specification, one can apply these methods to other
toxins described herein. For example amino acid
sequences of toxins which have been analyzed with
respect to MHC associations and T-cell epitopes can be
readily used. In addition, toxins which have not been
analyzed with respect to MHC associations can also be
analyzed and tested using the methods described
throughout the specification and in the examples
below.. - [00116] In addition to the identification
and modification of T-cell epitopes as disclosed
herein, the identification and modification of B-cell
epitopes can further reduce the immunogenicity of a
toxin Serological methods, in silico methods, or a
combination of both methods can be used to identify
B-cell epitopes within a toxm or modified toxin
Serological methods employ the ability of a subject to
generate antibodies to immunogenic molecules,
including proteins, peptides, and polypeptides When a
toxm or modified toxm is one that has been previously
administered to a population, such as for vaccination,
the antibody response generated m the subjects can be
used to screen toxins or modified toxins for B-cell
epitopes In one non-limiting example, a toxin (e g ,
diphtheria toxm) that has had its Tcell epitopes
modified as disclosed herein can be further screened
to identify B-cell epitopes A peptide library based
upon the sequence of the modified toxm can be
synthesized, and sera from toxm-vaccinated donors that
contain antibodies against the toxin can be tested for
the ability to bind to the peptides of the peptide
library Various techniques and assays including, but
not limited to, ELISA, RIA, and Western blotting are
well known in the art and can be used to identify one
or more peptides which bind to antibodies from the
sera of toxm-vaccinated donors Those one or more
peptides which bind antibodies in the donor sera
represent B-cell epitopes within the toxm sequence
Following the identification of modified toxin B-cell
epitopes, amino acid residues that correspond to the
B-cell epitopes can be modified, and the modified toxm
re-screened against donor sera This process can be
performed multiple times to further reduce the
immunogemcity of the modified toxm As noted for the
identification of T-cell epitopes herein, in silico
methods which utilize known B-cell epitope databases
and predictive protein modeling programs can be
employed to identify B-cell epitopes within a toxin or
modified toxin Once such epitopes are identified and
modified via the in silico methods, the modified toxin
can be screened against vaccinated donor sera as
described herein The in silico B-cell epitope
screening methods can be used alone or in combination
with the peptide library B-cell epitope screen for
identification and modification of B-cell epitopes
within the toxm Optionally, the modified toxm can be
screened prior to, and or subsequently to, B-cell
epitope screening Also contemplated herein is
screening a B-cell epitope modified toxm for the
presence of any T-cell epitopes that may be been
generated during B-cell epitope modification [00117]
Application of the invention described herein includes
a method of selecting a modified toxm wherein said
modified toxin has lost at least one B-cell epitope
comprising obtaining a serum sample from at least one
subject immunized with a toxin, wherein said serum
contains antibodies against said toxm, contacting said
serum with one or more modified toxms wherem binding
of said antibodies to said modified toxm forms a
complex, detecting the presence or absence of said
complex, wherein if a complex is detected, the
modified toxm has not lost at least one B-cell epitope
and if a reduced level of complex is detected, the
modified toxin has lost at least one B-cell epitope,
and selecting a modified toxin that has lost at least
one B-cell epitope In one non-limiting embodiment, a
reduced level of complex can be, for example, about 1
5-fold less, about 2-fold less, about 5-fold less,
about 10-fold less, about 20-fold less, about 50-fold
less, about 100-fold less, about 200-fold less, or
about 500-fold less than that observed with an
unmodified toxin IV. VASCULAR LEAK SYNDROME [00118]
Cell damage, particularly endothelial cell damage,
whether produced by toxms, such as from snake bites or
molecules causing septic shock, or therapeutic agents,
such as lmmunotoxms or interleukins, remains a problem
for patients [00119] VLS is often observed during
bacterial sepsis and may involve IL-2 and a variety of
other cytokines (Baluna and Vitetta,
Immunopharmacology, 37 117-132, 1996) The mechanisms
underlying VLS are unclear and are likely to involve a
cascade of events which are initiated in endothelial
cells (ECs) and involve inflammatorycasca es an cy o
ines nger e a ., n : inica pp ica ions o mmuno oxins,
ran ei (ea.), : - , i . has a complex etiology
involving damage to vascular endothelial cells (ECs)
and extravasation of fluids and proteins resulting m
interstitial edema, weight gain and, in its most
severe form, kidney damage, aphasia, and pulmonary
edema (Sausville and Vitetta, In: Monoclonal
Antibody-Based Therapy of Cancer, Grossbard (ed.),
4:81-89, 1997; Baluna and Vitetta, Immunopharmacology,
37:117-132, 1996; Engert et al., In: Clinical
Applications of Immunotoxins, Frankei (ed.), 2 :13-33,
1997). Vascular leak syndrome (VLS) has been a major
problem with all immunotoxins thus far tested in
humans, as well as cytokines such as interleukm 2
(IL-2), TNF and adenovirus vectors (Rosenberg et al.,
N. Engl. J . Med., 316:889-897, 1987; Rosenstem et
al., J . Immunol , 137:1735-1742, 1986). [00120]
Antibody-conjugated peptides from pcrn toxin A chain
containing a modified sequence at residues L74, D75,
V76, exhibited reduced (Vitetta et al. U.S. Patent No.
6,566,500). Thus, it is contemplated that one or more
amino acid deletion(s) or mutation(s) of the (x)D/E(y)
sequence(s), and/or one or more flanking residues of a
toxin, such as for example, diphtheria toxin, may
reduce or prevent the ability of toxin molecules
comprising these sequences to induce EC damage. It is
expected that one or more polypeptides comprising at
least one mutated motif and/or one ore more flanking
residues can be created that reduce or eliminate the
EC damaging activity of such agents. [00121] Described
herein below are compositions with reduced VLS
promoting abilities based upon mutations in the
(x)D/E(y) or (x)D/E(y)T sequences withm polypeptides,
which remove or alter such sequences, respectively,
and their methods of use. Thus, it will be understood
that all methods described herein for producmg
polypeptides with reduced VLS promoting ability will
be applied to produce polypeptides with reduced EC
damaging activity. All such methods, and compositions
identified or produced by such methods as well as
equivalents thereof, are encompassed by the present
invention. [00122] In certain aspects, the application
provides the use of a modified toxm composition that
has at least one amino acid of a sequence comprising
(x)D/E(y) and/or (x)D/E(y)T removed or altered,
relative to the sequence of an unmodified toxm
composition, for the manufacture of a medicament for
the treatment of a disease, including but not limited
to malignant diseases such as, for example cutaneous
T-cell lymphoma, relapsed/refractory T-cell non-
Hodgkm lymphoma, relapsed/refractory B-cell
non-Hodgkin lymphoma, panniculitic T-cell lymphoma,
extranodal natural killer/T cell lymphoma, nasal type,
chronic lymphocytic leukemia, and human T-cell
lymphotrophic virus 1- associated acute T cell
leukemia/lymphoma; non-malignant diseases such as, for
example, graft versus host disease and psoriasis and
damage to endothelial cells (i.e , VLS) during the
progression of such diseases. [00123] Reduction or
elimination of Vascular Leak Syndrome (VLS) as a side
effect would represent a significant advancement as it
would improve the "risk benefit ratio" of protein
therapeutics, and in particular, the lmmunotoxin and
fusion toxin subclasses of protein therapeutics
(Baluna et al , Int. J. Immunopharmacology, 18(6-7)
355-361 (1996); Baluna et al., Immunopharmacology,
37(No. 2-3):117-132 (1997), Bascon,
Immunopharmacology, 39(3): 255 (1998). The ability to
develop fusion proteins, single chain molecules
comprised of a cytotoxin and unique targeting domain
(cell binding domains m the case of immunotoxins)
could facilitate the development of the therapeutic
agents for autoimmune diseases, such as rheumatoid
arthritis and psoriasis transplant rejection and other
non-mahgnant medical indications. (Chaudhary et al.,
Proc. Natl. Acad. Sci. USA, 87(23).9491-9494 (1990),
Frankei et al , in Clinical Applications of
Immunotoxins Scientific Publishing Services,
Charleston S C , (1997), Knechtle et al ,
Transplantation, 15(63):l-6 (1997); Knechtle et al.,
Surgery, 124(2) 438-446 (1998); LeMaistre, Clin.
Lymphoma, l:S37-40 (2000); Martin et al., J. Am. Acad.
Dermatol , 45(6):871-881, 2001)) DAB389IL-2 (ONTAK(r))
is currently the only FDA approved protein fusion toxm
and employs a DT toxophore and the cytokine- o arge -
recep or earing ce s an is approve or e rea men o cu
aneous 1-cell lymphoma (C (Figgitt et al, Am J . Clin.
Dermatol., l(l):67-72 (2000); Foss, Clin. Lymphoma,
l(4):298-302 (2001); Murphy et al., In Bacterial
Toxins: Methods and Protocols, Hoist O, ed, Humana
Press, Totowa, N.J., pp. 89-100 (2000)). ONTAK(r) is
variously referred to as denileukin diftitox,
DAB389-IL-2, or Onzar. Its structure is comprised of,
in order, a methionine residue, residues 1-386 of
native DT, residues 484-485 of native DT, and residues
2-133 of IL-2 (SEQ ID NO: 148). Hence, full length
ONTAK(r) contains 521 amino acids. It should be noted
that, as a result of the methionine residue added at
the N terminus of ONTAK(r), numbering in the sequence
of diphtheria is out of register with that of ONTAK(r)
by one. [00124] A number of other toxophores, most
notably ncin toxin and pseudomonas exotoxin A, have
been employed in developing both lmmunotoxins, fusion
toxins and chemical conjugates, however, these
molecules have not successfully completed cluneal
trials and all exhibit VLS as a pronounced side effect
(Kreitman, Adv. Pharmacol., 28:193-219 (1994); Pun et
al , Cancer Research, 6 1 5660-5662 (1996); Pastan,
Biochim Biophys Acta., 24:1333(2):Cl-6 (1997), Frankel
et al., Supra (1997); Kreitman et al , Current Opm
Invest. Drugs, 2(9): 1282-1293 (2001)). Thus, the
modifications described herein for diphtheria toxin
can be extrapolated to other toxins such as, for
example, ncin and pseudomonas exotoxin A. [00125] In
certain embodiments, toxins or compounds modified
based on one or more of the (x)D(y) and/or (x)D(y)T
motifs or its flanking sequences can be used to
inhibit VLS in vivo Thus, it is contemplated that such
mutations that affects the (x)D(y) sequence or
flanking sequence can alter the ability of a
polypeptide to induce VLS or other abilities
associated with these sequences. In one non-limiting
example, diphtheria toxin is modified to inhibit VLS
in vivo. [00126] In order to produce toxins or
compounds that have a reduced ability to induce VLS,
it is contemplated that one or more (up to, and
including all) remaining (x)D(y) and/or (x)D(y)T
sequences have a reduced exposure to the 



surface of the polypeptide. For example, it is
contemplated that (x)D(y) and/or (x)D(y)T sequences
that are at least partly located in the non-exposed
portions of a polypeptide, or otherwise masked from
full or partial exposure to the surface of the
molecule, would interact less with cells, receptors or
other molecules to promote or induce VLS. Thus, the
complete elimination of (x)D(y) and/or (x)D(y)T
sequences from the primary structure of the
polypeptide may not be necessary to produce toxins or
molecules with a reduced ability to induce or promote
VLS. However, removal of all (x)D(y) and/or (x)D(y)T
sequences is contemplated to produce a composition
that has the least ability to induce or promote VLS.
[00127] To determine whether a mutation would likely
produce a polypeptide with a less exposed (x)D(y)
and/or (x)D(y)T motif, the putative location of the
moved or added (x)D(y) and/or (x)D(y)T sequence can be
determined by comparison of the mutated sequence to
that of the unmutated polypeptide's secondary and
tertiary structure, as determined by such methods
known to those of ordinary skill in the art including,
but not limited to, X-ray crystallography, NMR or
computer modeling Computer models of various
polypeptide structures are also available in the
literature or computer databases. In a non-hmitmg
example, the Entrez database website (ncbi
nlm.nih.gov/Entrez/) can be used to identify target
sequences and regions for mutagenesis. The Entrez
database is cross-linked to a database of 3-D
structures for the identified amino acid sequence, if
known. Such molecular models can be used to identify
(x)D(y), (x)D(y)T and/or flanking sequences in
polypeptides that are more exposed to contact with
external molecules, than similar sequences embedded in
the interior of the polypeptide. (x)D(y), (x)D(y)T
and/or flanking sequences that are more exposed to
contact with external molecules are more likely to
contribute to promoting or reducing VLS and other
toxic effects associated with these sequences and,
thus, should be primary targets for mutagenesis. The
mutated or wild-type polypeptide's structure could be
determined by-ray crys a ograp y or irec y e ore use
in in vi ro or in vivo assays, as wou d De Known to
one ot ordinary skill in the art. [00128] Once an
amino acid sequence comprising a (x)D(y) and/or
(x)D(y)T sequence is altered in a polypeptide, changes
in its ability to induce or promote at least one toxic
effect can be assayed using any of the techniques
described herein or as known to one of ordinary skill
in the art. [00129] As used herein, "alter,"
"altered," "altering," and "alteration" of an amino
acid sequence comprising a (x)D(y) sequence or a
(x)D(y)T sequence can include chemical modification of
an amino acid sequence comprising a (x)D(y) and/or a
(x)D(y)T sequence in a polypeptide as known to those
of ordinary skill in the art, as well as any mutation
of such an amino acid sequence including, but not
limited to, insertions, deletions, truncations or
substitutions. Such changes can alter or modify
(reduce) at least one toxic effect (i.e., the ability
to promote VLS, EC damage, etc.) of one or more amino
acid sequence(s) comprising a (x)D(y) and/or (x)D(y)T
sequences. As used herein an amino acid sequence
comprising a (x)D(y) sequence or a (x)D(y)T sequence
can contain at least one flanking sequence C- and/or
N-terminal to a (x)D(y) and/or a (x)D(y)T tri- or
quatra-peptide sequence. Such an "alteration" can be
made in synthesized polypeptides or in nucleic acid
sequences that are expressed to produce mutated
polypeptides. [00130] In one aspect, the alteration of
an amino acid sequence containing a (x)D(y) and/or a
(x)D(y)T sequence is by removal of the amino acid
sequence. As used herein, "remove", "removed",
"removing" or "removal" of an amino acid sequence
containing a (x)D(y) and/or a (x)D(y)T sequence refers
to a mutation in the primary amino acid sequence that
eliminates the presence of the (x)D(y) and/or a
(x)D(y)T tri- or quatra-peptide sequence, and/or at
least one native flanking sequence. The terms
"removed" or "lacks" are used interchangeably. [00131]
One aspect of the present application relates to
genetically modified polypeptides of diphtheria toxin
(DT) having reduced binding to human vascular
endothelial cells (HUVECs). These modified
polypeptides are hereinafter referred to as modified
DTs, modified DT polypeptides or DT variants. The
present application provides for modified DT having
one or more changes within the (x)D(y) motifs of the
DT polypeptide, i.e., at residues 6-8 (VDS), residues
28-30 (VDS), and residues 289-291 (IDS) of the native
DT sequence (SEQ ID NO: 1), or at residues 7-9 (VDS),
residues 29-31 (VDS), and residues 290-292 (IDS) of
SEQ ID NO:2 or 200. Since the (x)D(y) motifs are
referred to as "VLS motifs," the modified DT
polypeptides with one or more modified (x)D(y) motifs
can be referred to as "VLS-modified DT polypeptides."
[00132] One aspect of the present application relates
to genetically modified polypeptides of toxins (e.g.
diphtheria toxin (DT)) having reduced binding to human
vascular endothelial cells (HUVECs). These modified
toxins are hereinafter referred to as modified toxins.
The present application provides for modified toxins
having one or more changes within the (x)D/E(y) motifs
of the toxin polypeptide. For example, (x)D/E(y)
motifs found within DT occur at residues 6-8 (VDS),
residues 28-30 (VDS), and residues 289-291 (IDS) of
the native DT sequence (SEQ ID NO 1), or at residues
7-9 (VDS), residues 29-3 1 (VDS), and residues 290-292
(IDS) of SEQ ID NO 2 or 200. Since the (x)D/E(y)
motifs are referred to as "VLS motifs," the modified
toxin polypeptides with one or more modified (x)D/E(y)
motifs are sometimes referred to as "VLS-modified
toxin polypeptides." [00133] With the identification
of the (x)D/E(y) and the (x)D/E(y)T motifs as inducing
VLS, inducing apoptosis, and other effects, it is
possible that the creation of a new family of
molecules of VLS inhibitors will allow these molecules
to exert maximal beneficial effects. For example, a
reduced toxicity of toxin therapeutic agents using the
compositions and methods disclosed herein may allow
larger patient population to be treated or more
advanced disease to be treated (e.g., cancer). In
certain embodiments, modified proteins or fusion
proteins based on the (x)D/E(y) and/or (x)D/E(y)T
motif or its flanking sequences may be used to inhibit
VLS or other activities in vivo.[00134] To pro uce
peptides, polypepti es or proteins that lack the
(x)D/E(y) and/or (x)D/E(y)T sequence, one could delete
or mutate the conserved aspartic acid (D) or the
conserved glutamic acid (E), substitute another ammo
acid for the aspartic acid or the glutamic acid, or
insert one or more amino acids at or adjacent to its
position Modifications contemplated herein include a
substitution of the (D) or (E) residue in the sequence
with an amino acid residue selected from among alanine
(A), Glutamic acid (E), Serme (S), isoleucine (I),
valine (V), leucine (L), phenylalanine (F), cysteine
(C), methionine (M), glycine (G), threonine (T),
tryptophan (W), tyrosine (Y), proline (P), histidine
(H), glutamine (Q), asparagme (N), lysine (K), argmme
(R) and a modified or unusual amino acid from Table 1,
as a consequence of a deletion or mutation event
[00135] Alternatively, to produce peptides,
polypeptides or proteins that lack the (x)D(y) and/or
(x)D(y)T sequence, one could delete or mutate the
conserved aspartic acid (D), substitute another amino
acid for the aspartic acid, or insert one or more ammo
acids at or adjacent to its position Modifications
contemplated herein include a substitution of the (D)
residue in the sequence by an ammo acid residue
selected from among isoleucine (I), valine (V),
leucine (L), phenylalanine (F), cysteine (C),
methionine (M), alanine (A), glycine (G), threonine
(T), tryptophan (W), tyrosine (Y), proline (P),
histidine (H), glutamine (Q), asparagme (N), lysine
(K), arginme (R) and a modified or unusual amino acid
from Table 1, as a consequence of a deletion or
mutation event Table 1 [00136] In one embodiment, the
(x) residue could be deleted, substituted, or moved by
the insertion of one or more amino acids, to remove
the (x)D/E(y) and/or (x)D/E(y)T sequence Modifications
contemplated herein include a substitution of the (x)
residue in the sequence an amino acid residue selected
from among phenylalanine (F), cysteine (C), methiomne
(M), threonine (T), tryptophan (W), tyrosine (Y),
proline (P), histidine (H), glutamic acid (E),
glutamine (Q), aspartic acid (D), asparagme (N),
lysine (K), arginme (R), glycine (G), serme (S),
alanine (A), leucine (L), and a modified or unusual
ammo acid from Table 1 as a consequence of the
deletion or mutation event [00137] Alternatively, the
(x) residue could be deleted, substituted, or moved by
the insertion of one or more amino acids, to remove
the (x)D(y) and/or (x)D(y)T sequence Modifications
contemplated herein include a substitution oft e x res
ue n t e sequence y an am no ac res ue se ecte rom
among p eny a anine (F), cysteine (C , methionine (M),
threonine (T), tryptophan (W), tyrosine (Y), proline
(P), histidine (H), glutamic acid (E), gtutamine (Q),
aspartic acid (D), asparagine (N), lysine (K),
arginine (R) and a modified or unusual amino acid from
Table 1 as a consequence of the deletion or mutation
event. For example, a V or I amino acid residue as
described is replaced with any of such amino acid
residues. [00138] In one embodiment, the (y) residue
could be deleted, substituted, or moved by the
insertion of one or more amino acids, to remove the
(x)D/E(y) and/or (x)D/E(y)T sequence. An amino acid
that may replace the (y) residue in the sequence as a
consequence of the deletion or mutation event is, for
example, isoleucine (I); phenylalanine (F);
cysteine/cystine (C); methionine (M); alanine (A);
glycine (G); threonine (T); tryptophan (W); tyrosine
(Y); proline (P); histidine (H); glutamic acid (E);
glutamine (Q); aspartic acid (D); asparagine (N);
lysine (K); and arginine (R), leucine (L), valine (V),
serine (S), and including, but not limited to, those
shown at Table 1. [00139] Alternatively, the (y)
residue could be deleted, substituted, or moved by the
insertion of one or more amino acids, to remove the
(x)D(y) and/or (x)D(y)T sequence. An amino acid that
may replace the (y) residue in the sequence as a
consequence of the deletion or mutation event is, for
example, isoleucine (I); phenylalanine (F);
cysteine/cystine (C); methionine (M); alanine (A);
glycine (G); threonine (T); tryptophan (W); tyrosine
(Y); proline (P); histidine (H); glutamic acid (E);
glutamine (Q); aspartic acid (D); asparagine (N);
lysine (K); and arginine (R), and including, but not
limited to, those shown at Table 1. [00140] Other
residues that are positioned in the physical region,
three-dimensional space, or vicinity of the HUVEC
binding site and/or the (x)D/E(y) motif may be mutated
or altered to abrogate, reduce, or eliminate VLS. The
amino acids targeted for mutation in the flanking
regions include amino acids on or near the surface of
a native toxin protein. The alteration may remove or
substitute a charged residue in the region of a
(x)D/E(y) motif, which may negate or reverse the
charge in a particular area on the surface of the
protein. The alteration may also change size and/or
hydrophilic nature of an amino acid in the physical
region, space or vicinity of the (x)D/E(y) sequence or
active site of a protein. For example, LDV constitutes
the minimal active site in the CSl domain of
fibronectin responsible for its binding to the o4/31
integrin receptor (Makarem and Humphries, 1991; Wayner
and Kovach, 1992; Nowlin et al., 1993). However,
fibronectin (FN) does not damage HUVECs. Instead, FN
protects HUVECs 



from RTA-mediated damage (Baluna et al., 1996). Unlike
RTA, FN has a C-terminal LDV-flanking proline instead
of a threonine. In disintegrins, residues flanking
RGD, play a role in ligand binding (Lu et al., 1996).
The difference between the ability of an LDV or
homologue-containing molecule to promote vascular
integrity (e.g., FN) or disrupt it (e.g., DT) may
depend on the orientation, or availability for
interaction (i.e., binding), of the LDV motif and
hence, on flanking sequences. Therefore, changes in
one or more flanking residues of the (x)D/E(y)
sequence may enhance or reduce the ability of a
molecule to promote VLS. Further, changes that expose
the (x)D/E(y) sequence to the external surface of the
protein so as to interact with other proteins, such as
receptors, would enhance VLS promoting activity, while
conformations that are less exposed may reduce VLS
promoting activity. [00141] At least one mutation,
chemical modification, movement or other alteration in
the N- or C-terminal flanking sequences of the
(x)D/E(y) and/or (x)D/E(y)T sequence may also produce
proteins, polypeptides or peptides that have a reduced
ability to promote VLS. Preferably, such mutations or
alterations would occur in one or more residues which
will not affect the active site. In other embodiments,
the mutations or alterations would occur in one or
more residues of from about 1, about 2, about 3, about
4, about 5, about 6 or more N-terminal and/or
Cterminal to the (x)D/E(y) tripeptide sequence. In
other aspects, one or more residues that are not
adjacent to the (x)D/E(y) tripeptide may contribute to
the function of the (x)D/E(y) motif. Such residues may
be identified by their proximity to the tripeptide
sequence in a 3-dimentional model, as described herein
and as would be known to one ofor inary s i in e ar ,
an are con emp a e or a era ion as part o a an ing
sequence buch alterations may include any of those
described above for altering the (x)D/E(y) and
(x)D/E(y)T sequences, as long as one or more "wild
type" flanking residues are altered, removed, moved,
chemically modified, etc [00142] Such amino acid
modifications can be assayed for the ability to
effectively deliver the catalytic domain of DT to a
targeted cell within the context of a fusion protein,
and not reconstitute an intact VLS motif. Provided
herein are modified diphtheria toxins that have a
reduced ability to induce VLS; any remaining (x)D/E(y)
and/or (x)D/E(y)T sequences, if possible, are to have
a reduced exposure to the surface of the protein,
polypeptide or peptide. [00143] In one non-limiting
example, it is contemplated that (x)D/E(y) and/or
(x)D/E(y)T sequences that are at least partly located
in the non-exposed portions of a diphtheria toxin, or
otherwise masked from full or partial exposure to the
surface of the molecule, would interact less with
cells, receptors or other molecules to promote or
mduce VLS. Thus, it is contemplated that the complete
elimination of (x)D/E(y) and/or (x)D/E(y)T sequences
from the primary structure of the diphtheria toxin is
not necessary to produce toxins or molecules with a
reduced ability to induce or promote VLS However, in
one embodiment, all (x)D/E(y) and/or (x)D/E(y)T
sequences are removed to generate a composition that
has the least ability to induce or promote VLS [00144]
To determine whether a mutation would likely produce a
modified toxin with a less exposed (x)D/E(y) and/or
(x)D/E(y)T motif, the putative location of the moved
or added (x)D/E(y) and/or (x)D/E(y)T sequence could be
determined by compapson of the mutated sequence to
that of the unmutated toxin's secondary and tertiary
structure, as determined by such methods known to
those of ordinary skill in the art including, but not
limited to, Xray crystallography, NMR or computer
modeling. Computer models of various polypeptide and
peptide structures are also available m the literature
or computer databases. In a non-hrmting example, the
Entrez database (www ncbi.nlm nih gov/Entrez/) can be
used to identify target sequences and regions for
mutagenesis The Entrez database is crosslinked to a
database of 3-D structures for the identified amino
acid sequence, if known Such molecular models can be
used to identify (x)D/E(y), (x)D/E(y)T and/or flanking
sequences in diphtheria toxm that are more exposed to
contact with external molecules, (e g receptors) than
similar sequences embedded in the interior of the
polypeptide or polypeptide. It is contemplated that
(x)D/E(y), (x)D/E(y)T and/or flanking sequences that
are more exposed to contact with external molecules
are more likely to contribute to promoting or reducing
VLS and other toxic effects associated with these
sequences, and, thus, should be primary targets for
mutagenesis In certain embodiments, when adding at
least one (x)D/E(y), (x)D/E(y)T and/or flanking
sequence is desirable, regions of the protein that are
more exposed to contact with external molecules are
preferred as sites to add such a sequence The mutated
or wild-type toxin's structure could be determined by
X-ray crystallography or NMR directly before use in in
vitro or in vivo assays, as would be known to one of
ordinary skill in the art [00145] Once an ammo acid
sequence comprising a (x)D/E(y) and/or (x)D/E(y)T
sequence is altered m a toxm, changes in its ability
to promote at least one toxic effect can be assayed by
any of the techniques described herein or as would be
known to one of ordinary skill in the art Methods of
altering (changing) ammo acid sequences are described
in more detail below and are known in the art [00146]
Modifications (changes) are those ammo acid
substitutions, insertions or deletions which permit
the alteration of a native sequence or a previously
modified sequence within these regions but do not
impair the cytotoxicity of a toxm or toxophore. These
modifications would not include those that regenerate
the VDS/IDS sequences responsible for mediating the
interaction with endothelial cells Such non-native
recombinant sequences therefore comprise a novel
series of mutants that maintain the native function of
the unique domains of toxm while significantly
decreasing their ability to interact with vascular
endothelial cellsn one em o iment, t e variants o t e
present nvention contain at east one modiiication
within one o the (x)D/E(y) motifs of the DT molecule,
i e., within residues 6-8 (VDS), residues 28-30 (VDS),
and residues 289- 291 (IDS) of SEQ ID NO 1 to
eliminate motifs that are associated with VLS and
thereby reduce the clinical adverse effects commonly
associated with this syndrome. The modified DTs of the
present application, however, are as effective and
efficient as DT387 in their ability to facilitate the
delivery of its catalytic domain to the cytosol of
targeted eukaryotic cells when incorporated into
protein fusion toxins. DT387 (SEQ ID NO 2) is a
truncated DT protein comprising ammo acid residues
1-386 of the native DT protein including the catalytic
domain and the translocation domain and an addition of
an N-terminal methionine. DT389 (SEQ ID NO: 200) is a
truncated DT protein including in order, a methionine
residue, residues 1-386 of native DT and residues
484-485 of native DT. In one embodiment, the DT
variants of the present invention contain at least one
modification within one of the (x)D/E(y) motifs of the
DT molecule, i.e., within residues 7-9 (VDS), residues
29-31 (VDS), and residues 290-292 (IDS) of SEQ ID NO:2
or 200 to eliminate motifs that are associated with
VLS and thereby reduce the clinical adverse effects
commonly associated with this syndrome. [00148]
Unmodified diphtheria toxins can have, for example, an
ammo acid sequence of SEQ ID NO: 2, 200 or an amino
acid sequence of any one of SEQ ID NOS: 4-147. In one
embodiment, a modified diphtheria toxin having
cytotoxicity comparable to an unmodified diphtheria
toxin refers to a modified diphtheria toxin having
cytotoxicity substantially similar to, or with at
least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, or at
least about 95% or more cytotoxicity compared to an
unmodified diphtheria toxin. Purified DAB389IL-2
produced in E coll generally yields an IC50 of between
5x10 " M and IxIO 12 M. Thus, m another embodiment, a
modified diphtheria toxm having cytotoxicity
comparable to an unmodified diphtheria toxin refers to
a modified diphtheria toxin having an IC50 of between
about 5xlO p M to about 1x10 12 M, of about IxIO 10 M
to about IxIO 10M, of about IxIO 9 M to about IxIO 10
M, or of about IxIO 8 M to about IxIO 9 M.
Cytotoxicity of a modified diphtheria toxin compared
to an unmodified diphtheria toxin can be tested in a
cytotoxicity assay such as that described below in the
Examples. [00149] In addition to the modification in
the (x)D/E(y) motifs, the modified DTs can further
comprise a deletion or substitution of 1 to 30 ammo
acids of SEQ ID NO or 200, 1 to 10 ammo acids, or 1-3
amino acids, so long as the truncated molecule retains
the ability to translocate into cells and kill target
cells when the truncated molecule is fused with a cell
binding domain. [00150] In one embodiment provided
herein is a modified diphtheria toxin, said modified
diphtheria toxm having an amino acid sequence as set
forth in SEQ ID NO. 2 or 200 with one or more amino
acid modifications therein, wherein at least one amino
acid modification is made withm an (x)D(y) motif in a
region such as, for example, residues 7-9, 29-3 1 and
290-292 of SEQ ID NO 2 or 200, and the modified
diphtheria toxm has cytotoxicity comparable to an
unmodified diphthepa toxin. In one embodiment, a
modification at position (x) is a substitution of V or
I by A, S, E, F, C,M, T,W, Y, P, H, Q, D, N, K, R, G,
L, or a modified or unusual amino acid from Table 1.
In one embodiment, a modification at position D is a
substitution of D by A, S, E, I, V, L, F, C, M, G,
T,W, Y, P, H, Q, N, K, R or a modified or unusual
amino acid from Table 1 In one embodiment, a
modification at position (y) is a substitution by I,
F, C, M, A, G, T, W, Y, P, H, E, Q, D, N, K, R, S, L,
V, and a modified or unusual ammo acid from Table 1.
[00151] Alternatively, in another embodiment, provided
herein is a modified diphtheria toxm having one or
more amino acid modifications therein, wherein at
least one ammo acid modification is made within an
(x)D/E(y) motif in a region selected from the group
consisting of residues 7-9, 29-31 and 290-292 of SEQ
ID NO 2 or 200, and wherein said modified diphtheria
toxm has cytotoxicity comparable to an unmodified
diphthepa toxm In oneem o ment, a mo cat on at
position x is a su st tution o or y , , , , , Y, P, H,
H, Q, D, N, , , or a modified or unusual amino acid
from Table 1. In another embodiment, a modification at
position D/E is a substitution of D/E by I, V, L, F,
C, M, A, G, T, W, Y, P, H, Q, N, K, R or a modified or
unusual amino acid from Table 1. In one embodiment, a
modification at position (y) is a substitution by I,
F, C,M, A, G, T, W, Y, P, H, E, Q, D, N, K, R, S, L,
V, and a modified or unusual amino acid from Table 1.
[00152] In one embodiment, a modified diphtheria toxin
contains one or more modifications selected from among
V7T, V7N, V7D, D8N, S9A, S9T, S9G, V29N, V29D, V29T,
D30N, S3 IG, S3 IN, I290T, D291E, S292A, S292G and
S292T. [00153] In one embodiment, a modified
diphtheria toxin contains two modifications. Such
modified diphtheria toxins can contain a combination
of mutations such as, for example, V7N V29N, V7N V29T,
V7N V29D, V7T V29N, V7T V29T or V7T V29D. [00154] In
one embodiment, a modified diphtheria toxin contains
three modifications. Such modified diphtheria 



toxins can contain a combination of mutations such as,
for example, V7N V29N I290N, V7N V29N I290T, V7N V29N
S292A, V7N V29N S292T, V7N V29T I290N, V7N V29T I290T,
V7N V29T S292A, V7N V29T S292T, and V7T V29T I290T.
[00155] Modified diphtheria toxins containing about 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or up to about 20 modifications within one
or more (x)D/E(y) motifs can be made, using the
methods described herein, by sequentially modifying
amino acid residues and comparing activity after each
modification to the previously unmodified or
previously modified diphtheria toxin. Alternatively,
modified diphtheria toxins containing more than one
modification can be made, using the methods described
herein, by modifying two or more amino acid residues
at the same time and comparing activity to the
previously unmodified diphtheria toxin. Modified
toxins can be tested for activity using assays known
in the art and described herein including, but not
limited to, cytotoxicity assays and ADP ribosylation
assays. [00156] Expressed toxin-mutants and
toxin-fusion proteins can be tested for their
functional activity. Methods for testing various
toxins' activity are well-known in the art. For
example, the VLS effect of DT-mutants and DT-fusion
proteins can be tested in HUVECs as described in
Example 2. The ribosyltransferase activity of DT
variants or DTfusion proteins can be tested by the
ribosyltransferase assay described in Example 3. The
cytotoxicity of DT variants or DT-fusion proteins can
be tested as described in Example 4. VLS modified DT
fusion toxins using these ligands are useful in
treating cancers or other diseases of the cell type to
which there is specific binding. V. TOXINS WITH T-CELL
EPITOPE, B-CELL EPITOPE, AND VLS MOTIF MODIFICATIONS
[00157] In addition to the methods for reducing
immunogenicity via modification of T-cell and B-cell
epitopes and to the methods for reducing vascular leak
syndrome via modification of VLS motifs as described
herein, toxins and modified toxins can include both
modifications to produce polypeptides that exhibit
reduced immunogenicity (Tcell, B-cell, or both) and
reduced capacity to cause vascular leak syndrome (i.e.
reduced binding to endothelial cells and vascular
endothelial cells and reduced disruption of
endothelial cell junctions and other indications of
vascular leak syndrome as described herein). [00158]
To produce a toxin (e.g., diphtheria toxin) that has
modifications in T-cell epitopes, B-cell epitopes, VLS
motifs, and combinations thereof, the amino acid
residue modifications made for each type of
modification are considered in light of the other
modifications. In one non-limiting example,
modification of both T-cell epitopes and VLS motifs is
desired. When modifying both T-cell epitopes and VLS
motifs, modification of at least one amino acid within
at least one T-cell epitope within the toxin should
not create a VLS motif. Similarly, the modification of
at least one amino acid within at least one VLS motif
within the toxin should not create a T-cellep tope.
tiona y, t e mo cat on o a -ce ep tope or a mot s ou
not re-mtroduce a previous y modified T-cell or VLS
motif. Furthermore, modification of such polypeptides
can also take into consideration the modification of
B-cell epitopes, which when desired, should also not
create or re-introduce T-cell epitopes or VLS motifs.
[00159] Modifications that affect the cytotoxicity of
the toxins can also be made. For instance, if one or
more modifications are made to one or more of a T cell
epitope, a VLS motif and/or a B cell epitope are made
and the cytotoxicity of the modified toxin is less
than the unmodified toxin, it is contemplated herein
that one or more modifications could made to restore
the cytotoxicity to a level comparable to that of the
unmodified toxin or to an effective level. [00160] The
membrane-inserting domain (translocation domain) of
diphtheria toxin (T) contains an amphipathic region
that is involved in the delivery of the catalytic
domain (C) domain to the cytosol of a cell. In one
nonlimiting example, replacement of one or more amino
acid residues of the amphipathic region with one or
more different amino acid residues that retain the
helical structure of the region can maintain
cytoxicity. Consideration of the composition and
distribution of the charged and hydrophobic amino acid
residues within the amphipathic region and
modification thereof is also contemplated herein.
Examples of charged amino residues include GIu, Asp,
Asn, GIn, Lys, Arg and His; hydrophobic amino acids
include, but are not limited to, alanine and
phenylalanine. [00161] Modification of the binding
cleft of the catalytic domains of the ADP-ribosylating
protein family, described herein, can also affect
cytotoxicity. In one non-limiting example,
modification of one or more amino acid residues of the
F/Y-X-S-T-X motif of the diphtheria toxin C domain can
affect the cytotoxicty of the polypeptide. Replacement
of one or more amino acid residues in this region one
or more different amino acid residues that retain the
catalytic domain can maintain cytoxicity. Comparison
with related members of the ADP-ribosylating protein
family (e.g., Pseudomonas aeruginosa exotoxin A) can
provide further guidance on amino acid residue
modification and composition of domains such as the
diphtheria toxin C domain. Modifications such as these
are also contemplated herein. [00162] Provided herein
are methods of making modified toxins that have
reduced immunogenicity, reduced VLS effects (i.e.
reduced endothelial cell binding), and combinations
thereof. Furthermore, methods of selecting modified
toxins that have reduced immunogenicity, reduced VLS
effects, and combinations thereof are also
contemplated within the invention described herein.
[00163] In one embodiment, a toxin is modified for
T-cell epitopes, B-cell epitopes, VLS motifs, and
combinations thereof, and the amino acid sequence of
the modified toxin is subsequently examined for the
creation or reintroduction of T-cell epitopes, B-cell
epitopes, or VLS motifs. Where a T-cell epitope,
B-cell epitope, VLS motif, or combination thereof is
found to have been created or re-introduced, the amino
acid residues therein are further modified to remove
said T-cell epitope, B-cell epitope, VLS motif, or
combination thereof without creating or r e
introducing any T-cell epitope, B-cell epitope, VLS
motif, or combinations thereof. [00164] In another
embodiment, T-cell epitopes within a toxin are first
identified and modified, followed by identification
and modification of any VLS motifs within the toxin.
The modified toxin is then examined for the creation
or re-introduction of any T-cell epitopes, and any
such T-cell epitopes are modified without creating or
re introducing VLS motifs. In yet another embodiment,
VLS motifs within a toxin are first identified and
modified, followed by identification and modification
of T-cell epitopes within the toxin. [00165]
Application of the methods described herein also
provides for methods of making modified toxins that
exhibit reduced immunogenicity, reduced VLS effects
(i.e. reduced endothelial cell binding), and
combinations thereof. Furthermore, methods of
selecting modified toxins that have reduced
immunogenicity, reduced VLSe ec s, an com ina ions
ereo are a so con emp a e erein. et o s o testing
moditied toxins tor such characteristics are known in
the art and are described, for example, in the
Examples provided herein. In one embodiment, a method
of making a modified toxin exhibiting reduced
immunogenicity and reduced VLS effects compared to an
unmodified toxin comprises identifying at least one
T-cell epitope within the amino acid sequence of a
toxin, modifying at least one amino acid residue
within at least one identified T-cell epitope,
identifying at least one VLS motifs within the amino
acid sequence of the toxin, and modifying at least one
amino acid within at least one identified VLS motif.
[00166] I another embodiment, a modified toxin
exhibiting reduced immunogenicity and reduced VLS
effects compared to an unmodified toxin is produced by
a process of identifying at least one T-cell epitope
within the amino acid sequence of a toxin, modifying
at least one amino acid residue within at least one
identified T-cell epitope, identifying at least one
VLS motifs within the amino acid sequence of the
toxin, and modifying at least one amino acid within at
least one identified VLS motif. [00167] In yet another
embodiment, a method of selecting a modified toxin
that exhibits reduced immunogenicity and reduced VLS
effects compared to an unmodified toxin comprises
identifying at least one T-cell epitope within the
amino acid sequence of a toxin, modifying at least one
amino acid residue within at least one identified
T-cell epitope, identifying at least one VLS motifs
within the amino acid sequence of the toxin, modifying
at least one amino acid within at least one identified
VLS motif, and selecting a modified toxin that
exhibits reduced immunogenicity compared to an
unmodified toxin. VI. TOXINS [00168] A used herein,
the term "toxin" refers to any anticellular agent, and
includes, but is not limited to, cytotoxins and/or any
combination of anticellular agents. In certain
aspects, the toxin is, for example, a plant toxin, a
fungal toxin, a bacterial toxin, a ribosome
inactivating protein (RIP) or a combination thereof.
Toxins include, but are not limited to, Abrin A chain,
Diphtheria Toxin (DT) A-Chain, Pseudomonas exotoxin,
RTA, Shiga Toxin A chain, Shiga-like toxin, Gelonin,
Momordin, Pokeweed Antiviral Protein, Saporin,
Trichosanthin, Barley toxin, and various other toxins
known in the art. Toxin, as used herein, specifically
excludes Staphylococcus enterotoxin B (SEB), hirudin,
and bouganin proteins. [00169] Diphtheria toxin is a
member of the mono-ADP-ribosylating toxin family which
further includes such toxins as cholera toxin,
pseudomonas exotoxin A, pertussis toxin, and
Clostridium C3-like toxin. Members of this family
contain many similar protein domains and motifs, in
particular the catalytic site of the toxins. For
example, the catalytic site of many members of this
family is known to contain a glutamic acid residue
important in the catalytic function of these toxins.
The members of this family are contemplated as within
the invention described herein using DT as an
exemplary toxin. DT is composed of three domains: a
catalytic domain; transmembrane domain; and a receptor
binding domain (Choe et al. Nature, 357:216-222
(1992)). The nucleic acid and amino acid sequences of
native DT were described by Greenfield et al. PNAS
(1983) 80: 6853-6857 in Figure 2. Native DT is
targeted to cells that express heparin binding
epidermal growth factor-like receptors (Naglish et
al., Cell, 69:1051- 1061 (1992)). The first generation
targeted toxins were initially developed by chemically
cross-linking novel targeting ligands to toxins such
as DT or mutants of DT deficient in cell binding (e.g.
CRM45). (Cawley, Cell 22:563-570 (1980); Bacha et al.,
Proc. Soc. Exp. Biol. Med., 18 1(1): 131-138 (1986);
Bacha et al., Endocrinology, 113(3): 1072-1076 (1983);
Bacha et al., J. Biol. Chem., 258(3):1565-1570
(1983)). The native cell binding domain or 



a cross-linked ligand that directs the DT toxophore to
receptors on a specific class of receptor-bearing
cells must possess intact catalytic and translocation
domains. (Cawley et al., Cell, 22:563-570 (1980);
vanderSpek et al., J . Biol. Chem.,
5:268(16):12077-12082 (1993); vanderSpek et al., J.
Biol. Chem., 7(8):985-989 (1994); vanderSpek eta ., .
o . em., - ; oscon , . o . em., ; : - . ese oma ns are
critical for delivery and intoxification of the
targeted cell following receptor internalization
(Greenfield et al., Science, 238(4826)536-539 (1987)).
Once the toxin, toxin conjugate or fusion toxin has
bound to the cell surface receptor the cell
internalizes the toxin bound receptor via endocytic
vesicles. As the vesicles are processed they become
acidified and the translocation domain of the DT
toxophore undergoes a structural reorganization which
inserts the nine transmembrane segments of the toxin
into the membrane of the endocytic vesicle. This event
triggers the formation of a productive pore through
which the catalytic domain of the toxin is threaded.
Once translocated the catalytic domain which possess
the ADP-ribosyltransferase activity is released into
the cytosol of the targeted cell where it is free to
poison translation thus effecting the death of the
cell (reviewed in vanderSpek et al., Methods in
Molecular Biology, Bacterial Toxins: methods and
Protocols, 145:89-99, Humana press, Totowa, NJ. ,
(2000)). [00170] Fewer than ten molecules of DT will
kill a cell if they enter the cytosol (although many
times that number must bind to the cell surface
because the entry process is inefficient). This
extraordinary potency initially led to the concern
that such poisons were too powerful to control.
However, toxins such as DT can be rendered innocuous
(except when directed to the target cells) simply by
removing or modifying their cell-binding domain or
subunit. The remaining portion of the toxin (lacking a
cell-binding domain) is then coupled to a ligand
(e.g., a polypeptide or portion thereof containing a
cell-binding domain) that targets the toxic portion to
the target cell. By selecting a polypeptide or portion
thereof containing a cell-binding domain lacking
unwanted cross-reactivity, fusion proteins are safer
and have fewer non-specific cytotoxic effects than
most conventional anti-cancer drugs. The other main
attraction of toxins such as DT is that because they
are inhibitors of protein synthesis, they kill resting
cells as efficiently as dividing cells. Hence, tumor
or infected cells that are not in cycle at the time of
treatment do not escape the cytotoxic effect of a
fusion protein. [00171] Toxins such as DT often
contain two disulfide-bonded chains, the A and B
chains. The B chain carries both a cell-binding region
and a translocation region, which facilitates the
insertion of the A chain through the membrane of an
acid intracellular compartment into the cytosol. The A
chain then kills the cell after translocation. For
their use in vivo, the ligand and toxin are coupled in
such a way as to remain stable while passing through
the bloodstream and the tissues and yet be labile
within the target cell so that the toxic portion can
be released into the cytosol. [00172] However, it may
be desirable from a pharmacologic standpoint to employ
the smallest molecule possible that nevertheless
provides an appropriate biological response. One may
thus desire to employ smaller A chain peptides or
other toxins which will provide an adequate
anti-cellular response. [00173] Diphtheria toxin as
described herein comprises the amino acid sequence as
set forth in SEQ ID NO: 2 or 200. Additionally,
variants of diphtheria are known to contain nucleic
acid residue insertions, deletions, and/or
substitutions in their nucleic acid sequence while
still retaining their biological activity. Variants of
diphtheria toxin have been characterized demonstrating
nucleic acid variation among diphtheria toxins.
(Holmes, R.K., J. Infect. Dis., 181 (Supp. 1):
S156-S167 (2000)), thus diphtheria toxins can comprise
different nucleic acid and/or amino acid sequences.
Nucleic acid residue insertions, deletions, and/or
substitutions can also affect the amino acid sequence.
However, not all nucleic acid residue changes will
result in a change at the amino acid residue level of
a protein due to the redundancy of the genetic code.
Nucleic acid and/or amino acid variations (i.e.,
insertions, deletions, and/or substitutions) of
diphtheria toxin are also included within the
definition of diphtheria toxin and contemplated
herein. As used herein, diphtheria toxin comprises the
amino acid sequence as set forth in SEQ ID NO: 2 or
200 and further includes diphtheria toxins comprising
amino acid sequences about 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% homologous to SEQ ID NO: 2
or 200. C-terminal truncations of DT can also made and
include for example, deletion of about 1, about 2,
about 3, about 4, about 5, about 6, about 7, about 8,
about 9, about 10, about, a ou , a ou , a ou , a ou ,
a ou , a ou , a ou , a ou , a out 4U, or about Oamino
ac residues of DT389 or DT387. For example, as used
herein, diphtheria toxin comprises the amino acid
sequence as set forth in amino acid residues 1-382 of
SEQ ID NO: 2 or 149 and further includes diphtheria
toxins comprising amino acid sequences about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% homologous
to amino acid residues 1-382 of SEQ ID NO: 2 or 149.
One would understand that variants of diphtheria toxin
could be modified and tested for function using any of
the methods described herein. [00174] In one aspect,
toxin as used herein contemplates fusion proteins
between toxins (e.g. diphtheria toxin) and non-toxin
polypeptides containing at least one cell binding
domain. In one non-limiting example, a diphtheria
toxin or a fragment thereof is fused to a cell-binding
domain of interleukin 2 (IL-2), thus creating a fusion
toxin. As described in further detail herein, fusion
protein toxins can also comprise linker polypeptides
and conjugates. Such toxins are also contemplated as
toxins to be modified by the methods of the invention
disclosed herein. [00175] In one embodiment, a toxin
is a fusion protein comprising a modified toxin
wherein the toxin binding domain has been replaced
with the binding domain of a non-toxin polypeptide. In
another embodiment, the toxin is a fusion protein
comprising a modified diphtheria toxin and a non-toxin
polypeptide. In another embodiment, the toxin is a
fusion protein comprising diphtheria toxin and IL-2.
[00176] While diphtheria toxin is frequently discussed
as an exemplar toxin, one would recognize that the
methods of the invention described herein can be
applied to any of the aforementioned toxins. VII.
FUSION PROTEINS [00177] The present invention also
provides modified toxin fusion proteins. Modified
toxin polypeptides can be fused to, for example, a
non-toxin polypeptide. In one embodiment, the
non-toxin polypeptide is a cell-specific binding
ligand. The specific-binding ligands used in the
invention can contain an entire ligand, or a portion
of a ligand which includes the entire binding domain
of the ligand, or an effective portion of the binding
domain. It is most desirable to include all or most of
the binding domain of the ligand molecule. In one
non-limiting example, a DT fusion protein contains a
DT-related polypeptide (e.g., a modified DT described
herein) and a non-DT polypeptide fused in-frame to
each other. The DT-related polypeptide corresponds to
all or a portion of DT variant having reduced
immunogenicity or modified T-cell epitopes, reduced
binding to human vascular endothelial cells, or
combinations thereof. In one embodiment, a DT fusion
protein comprises at least one portion of a modified
DT sequence recited in one of SEQ ID NOS: 4-147. In
another embodiment, a DT fusion protein comprises at
least one T-cell epitope modification. In a further
embodiment, a DT fusion protein comprises at least one
T-cell epitope modification, and at least one
modification set forth in one or more of SEQ ID NOS:
4-147. In a further embodiment, a DT fusion protein
comprises at least one T-cell epitope modification, at
least one modification set forth in one or more of SEQ
ID NOS: 4-147, and at least one B-cell epitope
modification. [00178] In one embodiment of the
compounds disclosed herein, the modified toxin is a
fusion toxin wherein a nondiphtheria toxin polypeptide
is a cell-binding ligand. In a further embodiment, the
cell-binding ligand is an antibody or antigen-binding
fragment thereof, a cytokine, a polypeptide, a
hormone, a growth factor, or insulin. In yet another
embodiment, the cytokine is IL-2. [00179] In another
embodiment, the modified toxin is a fusion toxin
wherein the cell binding domain is an antibody or
antigen-binding fragment thereof. An antibody can be,
for example, monoclonal, polyclonal, humanized,
genetically engineered, or grafted. An antigen-binding
fragment can be, for example, a Fab, Fab2, a F(ab')2,
a scFv, a scFv2 (a tandem linkage of two scFv
molecules head to tail in a chain), a single chain
binding polypeptide, a VH or a VL. Methods of making
antigen-binding fragments are known in the art and are
incorporated herein. Usefulanti o ies inc u e t ose t
at speci ca y in to a receptor or ot er mo ety
expresse on the surface of t e target cell membrane or
tumor associated antigens. [00180] "Specifically
binds" means that the binding agent binds to the
antigen on the target cell with greater affinity than
it binds unrelated antigens. Preferably such affinity
is at least about 10-fold greater, at least about
100-fold greater, or at least about 1000-fold greater
than the affinity of the binding agent for unrelated
antigens. The terms "rmmunoreactive" and "specifically
binds" are used interchangeably herein. In certain
embodiments, the anti-tumor antibodies or
antigen-binding fragments thereof (e g., scFv, scFv2,
etc.) are those which recognize a surface determinant
on the tumor cells and are internalized in those cells
via receptor-mediated endocytosis. In a further
embodiment, the antibody or antigen binding fragment
thereof binds to a B-cell surface molecule such as,
for example, the B-cell surface molecule is CD19 or
CD22. Alternatively, the antibody or antigen binding
fragment thereof, binds to the ovarian receptor MISIIR
(Mullenan Inhibitory Substance type II receptor).
[00181] Cell-specific -binding ligands can also
include, but are not limited to: polypeptide hormones,
e.g., those made using the binding domain of -MSH can
selectively bind to melanocytes, allowing the
construction of improved t-MSH chimeric toxins useful
in the treatment of melanoma. (Murphy, J. R. et al.,
Proc. Natl. Acad Sci. US.A., 83(21):8258-8262 (1986)).
Other specific-binding ligands which can be used
include insulin, somatostatin, interleukins I and III,
and granulocyte colony stimulating factor. Other
useful polypeptide ligands having cellspecific binding
domains are follicle stimulating hormone (specific for
ovarian cells), luteinizing hormone (specific for
ovarian cells), thyroid stimulating hormone (specific
for thyroid cells), vasopressin (specific for uterine
cells, as well as bladder and intestinal cells),
prolactin (specific for breast cells), and growth
hormone (specific for certain bone cells)
Specific-binding ligands which can be used include
cytokines including, but not limited to, IL-I, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-Il, IL-12, IL-13, IL-14, IL-15, /3-interferon,
-interferon (INF- ), INF-g, angiostatm, thrombospondm,
endostatm, METH-I, METH-2, GM-CSF, G-CSF, M-CSF, tumor
necrosis factor (TNF), SVEGF, TGF-0, Flt3 and B-cell
growth factor. IL-2 is of particular importance
because of its role m allergic reactions and
autoimmune diseases such as systemic lupus
erythmatosis (SLE), involving activated T cells. Toxin
fusion proteins made using B-cell growth factor can be
used as immunosuppressant reagents which kill
proliferating B-cells, which bear B-cell growth factor
receptors, and which are involved in hypersensitivity
reactions 



and organ rejection. Other cytokines include Substance
P (Benohel et al., Pain, 79(2-3):243-53 (1999)), VEGF
(Hotz et al , J Gastrointest Surg., 6(2):159-66
(2002)), IL-3 (Jo et al., Protein Exp Purif.
33(l):123-33 (2004)) and GM-CSF (Frankel et al , Clin
Cancer Res, 8(5): 1004-13 (2002)). Modified fusion
toxins using these ligands are useful m treating
cancers or other diseases of the cell type to which
there is specific binding. [00182] In IL-2, a LDL
sequence (a "VLS" motif) at residues 19-21 (SEQ ID NO:
3) is located in an -helix and is also partially
exposed. Mutating Asp-20 to Lys m the LDL motif
eliminates binding of IL-2 to the b chain of the IL- 2
receptor and subsequent cell proliferation (Collins et
al., 1988) It has been reported that IL-2 directly
increases the permeability of the vascular endothelium
to albumin in vitro and that this effect can be
inhibited by anti-IL-2 receptor monoclonal antibodies
(Downie et al., 1992). The LDL sequence in IL-2
damages HUVECs. The Asp-20 m the LDL of IL-2 is
involved in receptor binding and functional activity
(Collins et al., 1988) Thus, it is contemplated that
in certain embodiments, mutations in IL-2's (x)D/E(y)
sequence and/or flanking sequence(s) to eliminate or
reduce VLS should be conservative with respect to
Asp-20 or the biological activity of IL-2 may be
reduced. [00183] For a number of cell-specific
ligands, the region withm each such hgand in which the
binding domain is located is now known. Furthermore,
advances m solid phase polypeptide synthesis enable
those skilled in this technology to determine the
binding domain of practically any such hgand, by
synthesizing various fragments of theigan an es ing em
or e a i i y o in o e c ass o ce s o e a e e using
conventional methods Known in the art such as an ELISA
assay. Thus, the chimeric genetic fusion toxins of the
invention need not include an entire ligand, but
rather can include only a fragment of a ligand which
exhibits the desired cell-binding capacity Likewise,
analogs of the ligand or its cell-binding region
having minor sequence variations can be synthesized,
tested for their ability to bind to cells, and
incorporated into the hybrid molecules of the
invention The ammo acid sequences of cell-binding
polypeptides can be analyzed for one or more VLS
motifs, T-cell epitopes, B-cell epitopes, or
combinations thereof and modified according to the
concepts described herein [00184] In one aspect, a
toxin-fusion protein of the present invention is
produced by standard recombinant DNA techniques For
example, DNA fragments coding for the different
polypeptide sequences are hgated together mframe in
accordance with conventional techniques, for example,
by employing blunt-ended or stagger-ended termini for
ligation, restriction enzyme digestion to provide for
appropriate termini, flhng-m of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid
undesirable joining, and enzymatic ligation In another
embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA
synthesizers Alternatively, PCR amplification of gene
fragments can be carried out using anchor primers
which give rise to complementary overhangs between two
consecutive gene fragments which can subsequently be
annealed and reamphfied to generate a chimeric gene
sequence [00185] If needed for proper conformational
folding of the fusion protein, a peptide linker
sequence can be employed to separate the toxin-related
polypeptide from non-toxm polypeptide components by a
distance sufficient to ensure that each polypeptide
folds into its secondary and tertiary structures Such
a peptide linker sequence can be incorporated into the
fusion protein using standard techniques well known in
the art and can be chosen based on the following
factors (1) its ability to adopt a flexible extended
conformation, (2) its inability to adopt a secondary
structure that could interact with functional epitopes
on the toxm-related polypeptide and non-toxin
polypeptide, and (3) the lack of hydrophobic or
charged residues that might react with the polypeptide
functional epitopes Preferred peptide linker sequences
contain GIy, Asn and Ser residues Other near neutral
amino acids, such as Thr and Ala, can also be used in
the linker sequence. Amino acid sequences which can be
usefully employed as linkers include, but are not
limited to, those disclosed in Maratea et al , Gene,
40 39-46, 1985, Murphy et al , Proc. Natl Acad Sci
USA, 83-8258-8262, 1986, U S Pat No 4,935,233 and U S
Pat No 4,751,180 The linker sequence can generally be
from 1 to about 50 amino acids in length Linker
sequences may not be required when the toxm-related
polypeptide and non-toxm polypeptide have
non-essential N-terminal amino acid regions that can
be used to separate the functional domains and prevent
steric interference [00186] Chemical cross-linking or
conjugation results in a variety of molecular species
representing the reaction products, and typically only
a small fraction of these products are catalytically
and biologically active In order to be biologically
active, the reaction products must be conjugated in a
manner that does not interfere with the innate
structure and activity of the catalytic and
translocation domains m the toxophore Resolution of
the active or highly active species from the inactive
species is not always feasible as the reaction
products often possess similar biophysical
characteristics, including for example size, charge
density and relative hydrophobicity It is noteworthy
that isolation of large amounts of pure clinical grade
active product from chemically cross-linked toxins is
not typically economically feasible for the production
of pharmaceutical grade product for clinical trials
and subsequent introduction to the clinical
marketplace To circumvent this issue, a genetic
DT-based protein fusion toxin in which the native DT
receptor-bmdmg domain was genetically replaced with
melanocyte-stimulatmg hormone as a surrogate
receptor-targeting domain was created (Murphy et al ,
PNAS, 83 8258-8262 (1986)) This approach was used with
human IL-2 as a surrogate targeting ligand to create
DAB486IL-2 that was specifically cytotoxic only tot
ose ce s t at expresse t e g -a nty orm o t e I -
receptor Wi iams et a ., Protein Eng., 1:493-498
(1987)). Subsequent studies of DAB486IL-2 indicated
that truncation of 97 amino acids from the DT portion
of the molecule resulted in a more stable, more
cytotoxic version of the IL-2 receptor targeted toxin,
DAB389IL-2 (Williams et al., J . Biol Chem., 265:1
1885-889 (1990)). The original constructs (the 486
forms) still possessed a portion of the native DT cell
binding domain. The DAB389 version contains the C and
T domains of DT with the DT portion of the fusion
protein ending in a random coil between the T domain
and the relative receptor binding domain. A number of
other targeting ligands have since been genetically
fused to this DT toxophore, DAB389 (VanderSpek et al.,
Methods in Molecular Biology, Bacterial Toxins:Methods
and Protocols., 145:89-99, Humana Press, Totowa, N.J.
(2000)). Similar approaches have now been employed
with other bacterial proteins and genetic fusion
toxins are often easier to produce and purify. VIII.
NUCLEIC ACIDS, VECTORS, AND HOST CELLS [00187] Another
aspect of the present invention pertains to vectors
containing a polynucleotide (nucleic acid, DNA)
encoding a modified DT variant or a fusion protein
thereof. [00188] The nucleotide and polypeptide
sequences for various genes have been previously
disclosed, and can be found at computerized databases
known to those of ordinary skill in the art. One such
database is the National Center for Biotechnology
Information's Genbank and GenPept databases. The
coding regions for these known genes can be amplified
and/or expressed using the techniques disclosed herein
or by any technique that would be know to those of
ordinary skill in the art. Additionally, polypeptide
sequences can be synthesized by methods known to those
of ordinary skill in the art, such as polypeptide
synthesis using automated polypeptide synthesis
machines, such as those available from Applied
Biosystems (Foster City, Calif.). [00189] As used
herein, the term "expression vector or construct"
means any type of genetic construct containing a
nucleic acid coding for a gene product in which part
or all of the nucleic acid encoding sequence is
capable of being transcribed. The transcript can be
translated into a protein, but it need not be. Thus,
in certain embodiments, expression includes both
transcription of a gene and translation of a RNA into
a gene product. In other embodiments, expression only
includes transcription of the nucleic acid, for
example, to generate antisense constructs. [00190]
Particularly useful vectors are contemplated to be
those vectors in which the coding portion of the DNA
segment, whether encoding a full length protein,
polypeptide or smaller peptide, is positioned under
the transcriptional control of a promoter. A
"promoter" refers to a DNA sequence recognized by the
synthetic machinery of the cell, or introduced
synthetic machinery, required to initiate the specific
transcription of a gene. The phrases "operatively
positioned," "under control" or "under transcriptional
control" means that the promoter is in the correct
location and orientation in relation to the nucleic
acid coding for the gene product to control RNA
polymerase initiation and expression of the gene.
[00191] The promoter can be in the form of the
promoter that is naturally associated with a gene, as
can be obtained by isolating the 5' non-coding
sequences located upstream of the coding segment or
exon, for example, using recombinant cloning and/or
PCR technology, in connection with the compositions
disclosed herein. [00192] In other embodiments, it is
contemplated that certain advantages will be gained by
positioning the coding DNA segment under the control
of a recombinant, or heterologous, promoter. As used
herein, a recombinant or heterologous promoter is
intended to refer to a promoter that is not normally
associated with a gene in its natural environment.
Such promoters can include promoters normally
associated with other genes, and/or promoters isolated
from any other bacterial, viral, eukaryotic, or
mammalian cell, and/or promoters made by the hand of
man. a are no na ura y occurring, a is, con aining i
erence e emen s rom i eren promoters, or mutations a
increase, decrease or alter expression [00193]
Promoters that effectively direct the expression of
the DNA segment in the cell type, organism, or even
animal, are chosen for expression The use of promoter
and cell type combinations for protein expression is
generally known to those of skill in the art of
molecular biology, for example, see Sambrook et al ,
(1989), incorporated herein by reference The promoters
employed can be constitutive, or inducible, and can be
used under the appropriate conditions to direct high
level expression of the introduced DNA segment, such
as is advantageous m the large-scale production of
recombinant protems or peptides [00194] At least one
module in a promoter generally functions to position
the start site for RNA synthesis The best known
example of this is the TATA box, but in some promoters
lacking a TATA box, such as the promoter for the
mammalian terminal deoxynucleotidyl transferase gene
and the promoter for the SV40 late genes, a discrete
element overlying the start site itself helps to fix
the place of initiation 



[00195] Additional promoter elements regulate the
frequency of transcriptional initiation Typically,
these are located in the region 30-110 base pairs (bp)
upstream of the start site, although a number of
promoters have been shown to contain functional
elements downstream of the start site as well The
spacing between promoter elements frequently is
flexible, so that promoter function is preserved when
elements are inverted or moved relative to one another
In the tk promoter, the spacing between promoter
elements can be increased to 50 bp apart before
activity begins to decline Depending on the promoter,
it appears that individual elements can function
either co-operatively or independently to activate
transcription [00196] The particular promoter that is
employed to control the expression of a nucleic acid
is not believed to be critical, so long as it is
capable of expressing the nucleic acid in the targeted
cell Thus, where a human cell is targeted, it is
preferable to position the nucleic acid coding region
adjacent to and under the control of a promoter that
is capable of being expressed in a human cell
Generally speaking, such a promoter might include
either a human or viral promoter [00197] In
expression, one will typically include a
polyadenylation signal to effect proper
polyadenylation of the transcript The nature of the
polyadenylation signal is not believed to be crucial
to the successful practice of the invention, and any
such sequence may be employed Polyadenylation signals
include, but are not limited to the SV40
polyadenylation signal and the bovine growth hormone
polyadenylation signal, convenient and known to
function well in various target cells Also
contemplated as an element of the expression cassette
is a terminator sequence These elements can serve to
enhance message levels and to minimize read through
from the cassette into other sequences [00198] A
specific initiation signal also can be required for
efficient translation of coding sequences These
signals include the ATG initiation codon and adjacent
sequences Exogenous translational control signals,
including the ATG initiation codon, may need to be
provided One of ordinary skill in the art would
readily be capable of determining this and providing
the necessary signals It is well known that the
initiation codon must be "m-frame" with the reading
frame of the desired coding sequence to ensure
translation of the entire insert The exogenous
translational control signals and initiation codons
can be either natural or synthetic The efficiency of
expression may be enhanced by the inclusion of
appropriate transcription enhancer elements [00199] It
is contemplated that polypeptides can be co-expressed
with other selected proteins, wherein the proteins can
be co-expressed m the same cell or a gene(s) can be
provided to a cell that already has another selected
protein Co-expression can be achieved by
co-transfecting the cell with two distinct recombinant
vectors, each bearing a copy of either of the
respective DNA Alternatively, a single recombinant
vector can be constructed to include theco ing regions
or ot o t e proteins, w ic cou t en e expresse in ce s
trans ected with t e single vector In either event,
the term "co-expression" herein refers to the
expression of both the gene(s) and the other selected
protein in the same recombinant cell [00200] As used
herein, the terms "engineered" and "recombinant" cells
or host cells are intended to refer to a cell mto
which an exogenous DNA segment or gene, such as a cDNA
or gene encoding a protein has been introduced
Therefore, engineered cells are distinguishable from
naturally occurring cells which do not contain a
recombinantly introduced exogenous DNA segment or gene
Engineered cells are thus cells having a gene or genes
introduced through the hand of man Recombinant cells
include those having an introduced cDNA or genomic
gene, and also include genes positioned adjacent to a
promoter not naturally associated with the particular
introduced gene [00201] To express a recombinant
polypeptide, whether modified or wild-type, in
accordance with the present invention one would
prepare an expression vector that comprises a
wild-type, or modified protem-encodmg nucleic acid
under the control of one or more promoters To bring a
coding sequence "under the control of a promoter, one
positions the 5' end of the transcription initiation
site of the transcriptional reading frame generally
between about 1 and about 50 nucleotides "downstream"
of (i e , 3' of) the chosen promoter The "upstream"
promoter stimulates transcription of the DNA and
promotes expression of the encoded recombinant protein
This is the meaning of "recombinant expression" in
this context [00202] Many standard techniques are
available to construct expression vectors containing
the appropriate nucleic acids and
transcriptional/translational control sequences in
order to achieve protein, polypeptide or peptide
expression m a variety of host-expression systems Cell
types available for expression include, but are not
limited to, bacteria, such as E coli and B subtihs
transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors [00203]
Certain examples of prokaryotic hosts are E coli
strain RRl, E coli LE392, E coli B, E coli X 1776
(ATCC No. 31537) as well as E coli W3110 (F-, lambda-,
prototrophic, ATCC No 273325), bacilli such as
Bacillus subtihs, and other enterobacteriaceae such as
Salmonella typhimunum, Serratia marcescens, and
various Pseudomonas species [00204] In general,
plasmid vectors containing replicon and control
sequences which are derived from species compatible
with the host cell are used in connection with these
hosts The vector ordinarily carries a replication
site, as well as marking sequences which are capable
of providing phenotypic selection in transformed cells
For example, E coli is often transformed using
derivatives of pBR322, a plasmid derived from an E
coli species pBR322 contains genes for ampicillm and
tetracycline resistance and thus provides easy means
for identifying transformed cells The pBR plasmid, or
other microbial plasmid or phage must also contain, or
be modified to contain, promoters which can be used by
the microbial organism for expression of its own
proteins [00205] In addition, phage vectors containing
replicon and control sequences that are compatible
with the host microorganism can be used as
transforming vectors in connection with these hosts
For example, the phage lambda GEM(tm)-1 1 may be
utilized in making a recombinant phage vector which
can be used to transform host cells, such as E coh
LE392 [00206] Further useful vectors include pIN
vectors (Inouye et al , 1985), and pGEX vectors, for
use m generating glutathione S-transferase (GST)
soluble fusion proteins for later purification and
separation or cleavage Other suitable fusion proteins
are those with /3-galactosidase, ubiquitin, and the
like [00207] Promoters that are most commonly used in
recombinant DNA construction include the -lactamase
(penicillinase), lactose and tryptophan (trp) promoter
systems While these are the most commonly used,
othermicro ia promo ers ave een iscovere an u i ize ,
an e ai s concerning eir nucleotide sequences have een
published, enabling those of skill m the art to ligate
them functionally with plasmid vectors [00208] The
following details concerning recombinant protein
production in bacterial cells, such as E coh, are
provided by way of exemplary information on
recombinant protein production in general, the
adaptation of which to a particular recombinant
expression system will be known to those of skill in
the art [00209] Bacterial cells, for example, E coh,
containing the expression vector are grown in any of a
number of suitable media, for example, LB The
expression of the recombinant protein may be induced,
e g , by adding IPTG to the media or by switching
incubation to a higher temperature After culturing the
bacteria for a further period, generally of between 2
and 24 hours (h), the cells are collected by
centrifugation and washed to remove residual media
[00210] The bacterial cells are then lysed, for
example, by disruption m a cell homogemzer and
centpfuged to separate the dense inclusion bodies and
cell membranes from the soluble cell components This
centrifugation can be performed under conditions
whereby the dense inclusion bodies are selectively
enriched by incorporation of sugars, such as sucrose,
into the buffer and centrifugation at a selective
speed [00211] If the recombinant protein is expressed
in the inclusion bodies, as is the case in many
instances, these can be washed in any of several
solutions to remove some of the contaminating host
proteins, then solubihzed in solutions containing high
concentrations of urea (e g , 8 M) or chaotropic
agents such as guanidrne hydrochloride in the presence
of reducing agents, such as /3-mercaptoethanol or DTT
(dithiothreitol) [00212] It is contemplated that the
polypeptides produced by the methods described herein
can be overexpressed, i e , expressed in increased
levels relative to its natural expression in cells
Such overexpression can be assessed by a variety of
methods, including radio-labeling and/or protein
purification However, simple and direct methods are
preferred, for example, those involving SDS/PAGE and
protein staining or western blotting, followed by
quantitative analyses, such as densitometric scanning
of the resultant gel or blot A specific increase in
the level of the recombinant protein, polypeptide or
peptide in comparison to the level in natural cells is
indicative of overexpression, as is a relative
abundance of the specific polypeptides in relation to
the other proteins produced by the host cell and, e g
, visible on a gel. [00213] Expression vectors
provided herein comprise a polynucleotide encoding
modified DT or a fusion protein thereof in a form
suitable for expression of the polynucleotide in a
host cell The expression vectors generally have one or
more regulatory sequences, selected on the basis of
the host cells to be used for expression, which is
operatively linked to the polynucleotide sequence to
be expressed It will be appreciated by those skilled m
the art that the design of the expression vector can
depend on such factors as the choice of the host cell
to be transformed, the level of expression of protein
desired, and the like The expression vectors descpbed
herein can be introduced into host cells to produce
proteins, including fusion proteins, encoded by
polynucleotides as described herein (e g., a modified
DT or a DT fusion protein, and the like) [00214]
Expression vectors can be designed for expression of a
modified DT or a DT fusion protein in prokaryotic or
eukaryotic cells The presence of a single DT gene
inside a eukaryotic cell would kill the cell
Specifically, the toxin binds to EF-tu which is
required for translation and pbosylation Accordingly,
DT can only be expressed in eukaryotic cells with
modified EF-tu that is no longer recognized by DT
(see, e g., Lm et al., Protein Expr Purif, 30 262-274
(2003), Phan et al , J Biol Chem , 268(12) 8665-8
(1993), Chen et al , MoI Cell Biol , 5(12) 3357-60
(1985), Kohne et al , Somat Cell MoI Genet , 11(5)
421-31 (1985), Moehring et al , MoI Cell Biol , 4(4)
642-50 



(1984)) In addition, a modified DT or a fusion protein
thereof can be expressed in bacterial cells such as E
coh (Bishai et al , J Bacteriol 169(1 1) 5140-5 1
(1987)) Consideration is given to the expression and
activity of the typesan eve s o ost protease
expression, an t s s epen ent upon t e c eavage site
present in t e engineere toxophore. The innate
expression host protease expression profile could
negatively impact the yields of DT fusion toxin
produced (Bishai et al., supra (1987)). To the degree
that this requisite cleavage site can be altered to
modulate the cell selectivity of resultant fusion
proteins, it is envisioned that such cleavage site
mutants could be in VLSmodified toxophores (Gordon et
al., Infect Immun, 63(l):82-7 (1995); Gordon et al.,
Infect Immun, 62(2).333-40 (1994); Vallera et al., J
Natl. Cancer Inst., 94:597-606 (2002), Abi-Habib et
al., Blood., 104(7):2143-8 (2004)). Alternatively, the
expression vector can be transcribed and translated in
vitro. [00215J The present application further
provides gene delivery vehicles for the delivery of
polynucleotides to cells, tissue, or a mammal for
expression. For example, a polynucleotide sequence of
the present invention can be administered either
locally or systemically in a gene delivery vehicle.
These constructs can utilize viral or non-viral vector
approaches in in vivo or ex vivo modality. Expression
of such coding sequences can be induced using
endogenous mammalian or heterologous promoters.
Expression of the coding sequence in vivo can be
either constitutive or regulated The invention
includes gene delivery vehicles capable of expressing
the contemplated polynucleotides including viral
vectors. For example, Qiao et al developed a system
employing PG13 packaging cells produce recombinant
retroviruses carrying a DT fragment which kills cancer
cell and provides a method for using DT as component a
suicide vector. Qiao et al , J. Virol 76(14):7343-8
(2002). [00216] Expressed DT-mutants and DT-fusion
proteins can be tested for their functional activity.
Methods for testing DT activity are well-known in the
art. For example, the VLS effect of DT-mutants and
DT-fusion proteins can be tested in HUVECs as
described in Example 2. The ribosyltransferase
activity of DT vanants or DT-fusion proteins can be
tested by the ribosyltransferase assay described in
Example 3. The cytotoxicity of DT variants or
DT-fusion proteins can be tested as described in
Example 4. [00217J The present application also
provides purified, and in preferred embodiments,
substantially purified, polypeptides expressed using
one or more of the methods described herein. The term
"purified" as used herein, is intended to refer to a
protemaceous composition, isolatable from mammalian
cells or recombinant host cells, wherein at least one
polypeptide is purified to any degree relative to its
naturally-obtainable state, i.e , relative to its
purity withm a cellular extract. A purified
polypeptide therefore also refers to a wild-type or
modified polypeptide free from the environment in
which it naturally occurs. [00218] Where the term
"substantially purified" is used, this will refer to a
composition in which the specific polypeptide forms
the major component of the composition, such as
constituting about 50% of the proteins in the
composition or more. In one embodiment, a
substantially purified polypeptide will constitute
more than about 60%, about 70%, about 80%, about 90%,
about 95%, about 99% or even more of the polypeptides
in the composition. [00219] A polypeptide that is
"purified to homogeneity," as applied to the present
invention, means that the polypeptide has a level of
purity where the polypeptide is substantially free
from other proteins and biological components. For
example, a purified polypeptide will often be
sufficiently free of other protein components so that
degradative sequencing can be performed. [00220]
Various methods for quantifying the degree of
purification of polypeptides will be known to those of
skill in the art m light of the present disclosure.
These include, for example, determining the specific
protein activity of a fraction, or assessing the
number of polypeptides withm a fraction by gel
electrophoresis [00221] To purify a desired
polypeptide, a natural or recombinant composition
comprising at least some specific polypeptides will be
subjected to fractionation to remove various other
components from the composition In addition to those
techniques described in detail herein below, various
other techniques suitable for use in protein
purification will be well known to those of skill in
the art. These include, for example, precipitation
with ammoniumsu a e, , an i o ies an e i e or y nea
ena ura ion, o owe y cen pruga ion; chromatography
steps suc as ion exchange, gel filtration, reverse
phase, hydroxylapatite, lectin affinity and other
affinity chromatography steps; isoelectric focusing,
gel electrophoresis; and combinations of such and
other techniques. [00222] Another example is the
purification of a specific fusion protein using a
specific binding partner. Such purification methods
are routine in the art. As the present invention
provides DNA sequences for the specific proteins, any
fusion protein purification method can now be
practiced. This is exemplified by the generation of a
specific protein-glutathione S-transferase fusion
protein, expression in E coll, and isolation to
homogeneity using affinity chromatography on
glutathione-agarose or the generation of a
polyhistidine tag on the N- or C-terminus of the
protein, and subsequent purification using Ni-affinity
chromatography. However, given many DNA and proteins
are known, or may be identified and amplified using
the methods described herein, any purification method
can now be employed. [00223] There is no general
requirement that the polypeptides always be provided
in their most purified state. Indeed, it is
contemplated that less substantially purified
polypeptides which are nonetheless enriched m the
desired protein compositions, relative to the natural
state, will have utility in certain embodiments.
Polypeptides exhibiting a lower degree of relative
purification may have advantages in total recovery of
protein product, or in maintaining the activity of an
expressed protein. [00224] Provided herein is a method
for making a composition comprising- (a) constructing
a vector comprising a polynucleotide which encodes a
polypeptide having an amino acid sequence of SEQ ID
NOS: 4-147 or a polypeptide having two or more of such
modifications, and (b) causing said polypeptide to be
expressed in a host cell comprising said vector. In
one embodiment, a composition produced by such a
method, wherein said composition has a reduced binding
activity to human vascular endothelial cells (HUVEC)
compared to a DT molecule having a sequence of SEQ ID
NO: 2 or 200 Further provided herein is a method for
making a composition comprising: (a) constructing a
vector comprising a polynucleotide which encodes a
toxin having at least one T-cell epitope modification,
and (b) causmg said polypeptide to be expressed in a
host cell comprising said vector. In one embodiment, a
composition produced by such a method wherein the
toxin is DT. In one embodiment, a composition produced
by such a method, wherein said composition has a
reduced immunogenicity compared to a DT molecule
having a sequence of SEQ ID NO: 2 or 200. [00225]
Provided herein is a method for making a modified
toxin having a reduced immunogenicity compared to an
unmodified toxin, said method comprising the step of
(a) constructing a vector comprising a nucleic acid
sequence encoding a toxin, said modified diphtheria
toxin comprising a diphtheria toxin having an amino
acid sequence as recited in SEQ ID NO: 2 with one or
more ammo acid modifications therein, wherein at least
one amino acid modification is made within a T-cell
epitope, and wherein said modified diphtheria toxin
has cytotoxicity comparable to an unmodified
diphtheria toxin and (b) causing said polypeptide to
be expressed in a host cell comprising said vector.
[00226] Further embodiments include a method for
making a modified diphtheria toxin having a reduced
immunogenicity and reduced binding activity to human
vascular endothelial cells (HUVEC) compared to an
unmodified diphtheria toxin, said method comprising
the step of: (a) constructing a vector comprising a
nucleic acid sequence encoding a modified diphtheria
toxin, said modified diphtheria toxin comprising a
diphtheria toxin having an amino acid sequence as
recited in SEQ ID NO 2 or 200 with one or more amino
acid modifications therein, wherein at least one amino
acid modification is made within a T-cell epitope,
within an (x)D(y) motif in a region selected from the
group consisting of residues 7-9, 29-3 1 and 290-292
of SEQ ID NO: 2 or 200, within a B-cell epitope, or
combinations thereof, and wherein said modified
diphtheria toxin has cytotoxicity comparable to anunmo
i e ip t eria toxin, an causing sai po ypepti e o e
expresse in a ost ce comprising sai vector In one
non-limiting example, a modified VLS (x)D/E(y) motif
can be a modification at position (x) that is a
substitution of V or I by an amino acid residue
selected from among A, S, E, F, C, M, T,W, Y, P, H, Q,
D, N, K, R, G, L and a modified or unusual amino acid
from Table 1, and wherein a modification at position
D/E is a substitution of D/E by an ammo acid residue
selected from among A, S, E, I, V, L, F, C, M, G, T,W,
Y, P, H, Q, N, K, R and a modified or unusual ammo
acid from Table 1 In one embodiment, a modification at
position (y) is a substitution by I, F, C,M, A, G,
T,W, Y, P, H, E, Q, D, N, K, R, S, L, V, and a
modified or unusual amino acid from Table 1 [00227]
Unmodified diphtheria toxins can have, for example, an
amino acid sequence of SEQ ID NO 2, 200 or an ammo
acid sequence of any one of SEQ ID NOS 4-147 [00228]
Bacterial and plant holotoxins often contain two
disulfide-bonded chains, the A and B chains The B
chain carries both a cell-bindmg region (whose
receptor is often uncharactepzed) and a translocation
region, which facilitates the insertion of the A chain
through the membrane of an acid intracellular
compartment into the cytosol The A chain then kills
the cell after incorporation For their use in vivo,
the hgand and toxin are coupled in such a way as to
remain stable while passing through the bloodstream
and the tissues and yet be labile withm the target
cell so that the toxic portion can be released into
the cytosol However, it may be desirable from a
pharmacologic standpoint to employ the smallest
molecule possible that nevertheless provides an
appropriate biological response One can, thus, desire
to employ smaller A chain peptides which will provide
an adequate anti-cellular response To this end, DT can
be "truncated" and still retain an adequate toxm
activity. It is proposed that where desired, this
truncated A chain can be employed in fusion proteins
in accordance with the embodiments described herein
[00229] Alternatively, one may find that the
application of recombinant DNA technology to the toxin
moiety may provide additional benefits In that
biologically active DT has now been cloned and
recombinantly expressed, it is now possible to
identify and prepare smaller or otherwise variant
peptides which nevertheless exhibit an appropriate
toxin activity Moreover, the fact that DT has now been
cloned allows the application of site-directed
mutagenesis through which one can readily prepare and
screen for DT A chain, toxm-depved peptides and obtain
additional useful moieties for use in connection with
the presently described compounds Once identified,
these moieties can 



be mutated to produce toxins exhibiting a reduced
ability to promote VLS, EC damaging activity and/or
other effects of such sequences described herein or
known to one of skill in the art [00230] Provided
herein is a fusion protein comprising a modified
diphtheria toxin made by such methods and a non-
diphtheria toxin polypeptide, wherein said non-
diphtheria toxin polypeptide is selected from among an
antibody or antigen-binding fragment thereof, EGF,
IL-I, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL- 11, IL-12, IL-13, IL-14, IL-1 5, INF ,
INFg, GM-CSF, G-CSF, M-CSF, TNF, VEGF, Ephrui, BFGF,
TGF, and a cell-binding portion thereof In one
embodiment, the non-diphtheria toxin polypeptide is,
for example, IL-2 or a cell binding portion thereof In
certain embodiments, the fusion protein or toxin
further comprises at least another agent Such an agent
can be a molecule or moiety including, but not limited
to, at least one effector (therapeutic moiety) or
reporter molecule (a detectable label) as described
elsewhere herein IX. DETECTABLE LABELS [0023 1[ The
present invention provides fusion proteins against
target epitopes, such as epitopes expressed on a
diseased tissue or a disease causing cell (e g , IL-2
receptors on cancer cells) In certain embodiments the
fusion protein comprises a modified DT described
herein In other embodiments the fusion protein further
comprises a second agent Such an agent can be a
molecule or moiety such as, for example, a reporter
molecule or a detectable label Reporter molecules are
any moiety which can be detected using an assay
Non-hmitmg examples of reportermo ecu es w ic ave een
conjugate to po ypepti es inc u e enzymes, ra io a e
s, aptens, uorescent a e s, phosphorescent molecules,
chemilumine scent molecules, chromophores, luminescent
molecules, photoaffinity molecules, colored particles
or hgands, such as biotin. Detectable labels include
compounds and/or elements that can be detected due to
their specific functional properties, and/or chemical
characteristics, the use of which allows the
polypeptide to which they are attached to be detected,
and/or further quantified if desired. Many appropriate
detectable (imaging) agents are known in the art, as
are methods for their attachment to polypeptides (see,
for e.g , U S. Pat. Nos 5,021,236; 4,938,948; and
4,472,509, each incorporated herein by reference). The
imaging moieties used can be paramagnetic ions;
radioactive isotopes; fhiorochromes; NMR-detectable
substances; X-ray imaging. Molecules containing azido
groups can also be used to form covalent bonds to
proteins through reactive mtrene intermediates that
are generated by low intensity ultraviolet light
(Potter & Haley, 1983). In particular, 2- and 8- azido
analogues of purine nucleotides have been used as
site-drrected photoprobes to identify nucleotide
binding proteins in crude cell extracts (Owens &
Haley, 1987; Atheiton et al., 1985). The 2- and
8-azido nucleotides have also been used to map
nucleotide binding domains of purified proteins
(Khatoon et al., 1989; King et al., 1989; and Dholakia
et al , 1989) and can be used as polypeptide binding
agents. X. COMPOSITIONS AND THERAPEUTIC USES [00232]
Each of the compounds described herein can be used as
a composition when combined with an acceptable carrier
or excipient. Such compositions are useful for in
vitro analysis or for administration to a subject in
vivo or ex vivo for treating a subject with the
disclosed compounds [00233] Thus pharmaceutical
compositions can comprise, in addition to active
ingredient, a pharmaceutically acceptable excipient,
carrier, buffer, stabilizer or other materials well
known to those skilled in the art. Such materials
should be non-toxic and should not interfere with the
efficacy of the active ingredient The precise nature
of the carrier or other material will depend on the
route of administration. [00234] Pharmaceutical
formulations comprising a protein of interest, e.g ,
an antibody, identified by the methods described
herein can be prepared for storage by mixing the
protein having the desired degree of purity with
optional physiologically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the
form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are
nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethomum chloride; benzalkonium
chloride, benzethomum chloride; phenol, butyl or
benzyl alcohol; alkyl parabens such as methyl or
propyl paraben, catechol; resorcinol; cyclohexanol;
3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such
as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagme,
histidine, argimne, or lysine; monosaccharides,
disaccharides, and other carbohydrates including
glucose, mannose, or dextrins, chelating agents such
as EDTA; sugars such as sucrose, mannitol, trehalose
or sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g., Zn-protem complexes); and/or
non-ionic surfactants such as TWEEN(r), PLURONICS(r)
or polyethylene glycol (PEG). [00235] The formulation
described herein can also contain more than one active
compound as necessary for the particular indication
being treated Such molecules are suitably present m
combination in amounts that are effective for the
purpose intended. [00236] Acceptable carriers are
physiologically acceptable to the administered patient
and retain the therapeutic properties of the compounds
with/m which it is administered. Acceptable carriers
and their formulations are and generally described in,
for example, Remington' pharmaceutical Sciences (18th
Edition, ed A. Gennaro, Macku is ing o., aston, . ne
exemp ary carrier is p ysio ogica sa ine. e phrase
"pharmaceutica y acceptable carrier" as used herein
means a pharmaceutically acceptable matepal,
composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating
material, involved in carrying or transporting the
subject compounds from the administration site of one
organ, or portion of the body, to another organ, or
portion of the body, or in an in vitro assay system.
Each carrier must be "acceptable" in the sense of
being compatible with the other ingredients of the
formulation and not injurious to a subject to whom it
is administered. Nor should an acceptable carrier
alter the specific activity of the subject compounds.
Exemplary carriers and excipients have been provided
elsewhere herein. [00237] In one aspect, provided
herein are pharmaceutically acceptable or
physiologically acceptable compositions including
solvents (aqueous or non-aqueous), solutions,
emulsions, dispersion media, coatings, isotonic and
absorption promoting or delaying agents, compatible
with pharmaceutical administration. Pharmaceutical
compositions or pharmaceutical formulations therefore
refer to a composition suitable for pharmaceutical use
in a subject. The pharmaceutical compositions and
formulations include an amount of a compound described
herein, for example, an effective amount of modified
fusion protein described herein, and a
pharmaceutically or physiologically acceptable
carrier. [00238] Compositions can be formulated to be
compatible with a particular route of administration,
systemic or local. Thus, compositions include
carriers, diluents, or excipients suitable for
administration by various routes. Pharmaceutical
compositions for oral administration may be in tablet,
capsule, powder or liquid form. A tablet may comprise
a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally comprise a
liquid carrier such as water, petroleum, animal or
vegetable oils, mineral oil or synthetic oil
Physiological saline solution, dextrose or other
saccharide solution or glycols such as ethylene
glycol, propylene glycol or polyethylene glycol may be
included. [00239] In a further embodiment, the
compositions can further comprise, if needed, an
acceptable additive in order to improve the stability
of the compounds in composition and/or to control the
release rate of the composition. Acceptable additives
do not alter the specific activity of the subject
compounds. Exemplary acceptable additives include, but
are not limited to, a sugar such as mannitol,
sorbitol, glucose, xylitol, trehalose, sorbose,
sucrose, galactose, dextran, dextrose, fructose,
lactose and mixtures thereof Acceptable additives can
be combined with acceptable carriers and/or excipients
such as dextrose. Alternatively, exemplary acceptable
additives include, but are not limited to, a
surfactant such as polysorbate 20 or polysorbate 80 to
increase stability of the peptide and decrease gellmg
of the solution. The surfactant can be added to the
composition in an amount of 0 01% to 5% of the
solution. Addition of such acceptable additives
increases the stability and half-life of the
composition in storage [00240] The pharmaceutical
composition can be administered subcutaneously,
intramuscularly, lntrapeptoneally, orally or
intravenously Aerosol delivery of the compositions is
also contemplated herein using conventional methods
For example, intravenous delivery is now possible by
cannula or direct injection or via ultrasound guided
fine needle. Mishra (Mishra et al , Expert Opin.
Biol., 3(7):1 173-1 180 (2003)) provides for
intratumoral injection. [00241] Formulations for
enteral (oral) administration can be contained in a
tablet (coated or uncoated), capsule (hard or soft),
microsphere, emulsion, powder, granule, crystal,
suspension, syrup or elixir Conventional non-toxic
solid carriers which include, for example,
pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum,
cellulose, glucose, sucrose, magnesium carbonate, can
be used to prepare solid formulations. Supplementary
active compounds (e g , preservatives, antibacterial,
antiviral and antifungal agents) can also be
incorporated into the formulations. A liquid
formulation can also be used for enteral
administration. The carrier can be selected from
various oils including petroleum, animal, vegetable or
synthetic, for example, peanutoi , soy ean o , minera
oi , sesame oi . ui a e p armaceutica excipients inc u
e e.g., starch, cellulose, ta c, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica
gel, magnesium stearate, sodium stearate, glycerol
monostearate, sodium chloride, dried skim milk,
glycerol, propylene glycol, water, ethanol. [00242]
Compositions for injection include aqueous solutions
(where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. For intravenous
administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor
EL(tm) (BASF, Parsippany, NJ.) or phosphate buffered
saline (PBS). The carrier can be a solvent or
dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene
glycol, and liquid polyetheylene glycol, and the
like), and suitable mixtures thereof. Fluidity can be
maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use
of surfactants. Antibacterial and antifungal agents
include, for example, parabens, chlorobutanol, phenol,
ascorbic acid and thimerosal. Isotonic agents, for
example, sugars, polyalcohols such as manitol,
sorbitol, and sodium chloride may be 



included in the composition. The resulting solutions
can be packaged for use as is, or lyophilized; the
lyophilized preparation can later be combined with a
sterile solution prior to administration. [00243]
Compositions can be conventionally administered
intravenously, such as by injection of a unit dose,
for example. For injection, an active ingredient can
be in the form of a parenterally acceptable aqueous
solution which is substantially pyrogen-free and has
suitable pH, isotonicity and stability. One can
prepare suitable solutions using, for example,
isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection.
Preservatives, stabilizers, buffers, antioxidants
and/or other additives may be included, as required.
[00244] In one embodiment, the composition is
lyophilized. When the compositions are considered for
medicaments, or use in any of the methods provided
herein, it is contemplated that the composition can be
substantially free of pyrogens such that the
composition will not cause an inflammatory reaction or
an unsafe allergic reaction. [00245] Acceptable
carriers can contain a compound that stabilizes,
increases or delays absorption or clearance. Such
compounds include, for example, carbohydrates, such as
glucose, sucrose, or dextrans; low molecular weight
proteins; compositions that reduce the clearance or
hydrolysis of peptides; or excipients or other
stabilizers and/or buffers. Agents that delay
absorption include, for example, aluminum monostearate
and gelatin. Detergents can also be used to stabilize
or to increase or decrease the absorption of the
pharmaceutical composition, including liposomal
carriers. To protect from digestion the compound can
be complexed with a composition to render it resistant
to acidic and enzymatic hydrolysis, or the compound
can be complexed in an appropriately resistant carrier
such as a liposome. Means of protecting compounds from
digestion are known in the art (see, e.g., Fix (1996)
Pharm Res. 13:1760 1764; Samanen (1996) J. Pharm.
Pharmacol. 48:119 135; and U.S. Pat. No. 5,391,377,
describing lipid compositions for oral delivery of
therapeutic agents). [00246] For intravenous,
injection, or injection at the site of affliction, the
active ingredient will be in the form of a
parenterally acceptable aqueous solution which is
pyrogen-free and has suitable pH, isotonicity and
stability. Those of relevant skill in the art are well
able to prepare suitable solutions using, for example,
isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection.
Preservatives, stabilizers, buffers, antioxidants
and/or other additives may be included, as needed.
[00247] The phrase "pharmaceutically acceptable"
refers to molecular entities and compositions that are
physiologically tolerable and do not typically produce
an allergic or similar untoward reaction, such as
gastric upset, dizziness and the like, when
administered to a human.e erm uni ose w en use in re
erence o a erapeu ic composi ion re ers to physically
discre e units suitable as unitary dosage for humans,
each unit containing a predetermined quantity of
active material calculated to produce the desired
therapeutic effect in association with the required
diluent, i.e , carrier, or vehicle. [00249] The
compositions can be administered in a manner
compatible with the dosage formulation, and in a
therapeutically effective amount. The quantity to be
administered depends on the subject to be treated,
capacity of the subject's immune system to utilize the
active ingredient, and degree of binding capacity
desired. Precise amounts of active ingredient required
to be administered depend on the judgment of the
practitioner and are peculiar to each individual
Suitable regimes for initial administration and
booster shots are also variable, but are typified by
an initial administration followed by repeated doses
at one or more hour intervals by a subsequent
injection or other administration. Alternatively,
continuous intravenous infusion sufficient to maintain
concentrations often nanomolar to ten micromolar in
the blood are contemplated. [00250] A physician or
veterinarian can readily determine and prescribe the
"effective amount" (ED5 ) of the composition required.
For example, the physician or veterinarian could start
doses of the compounds employed in the composition at
levels lower than that required in order to achieve
the desired therapeutic effect and gradually increase
the dosage until the desired effect is achieved.
[00251] A "therapeutically effective amount" as used
herein, is an amount that achieves at least partially
a desired therapeutic or prophylactic effect in an
organ or tissue. In one example, the amount of a
modified DT necessary to bring about prevention and/or
therapeutic treatment of the disease is not fixed per
se. The amount of modified DT fusion toxin
administered will vary with the type of disease,
extent of the disease, and size of species of the
mammal suffering from the disease. Generally, amounts
will be in the range of those used for other cytotoxic
agents used m the treatment of cancer, although m
certain instances lower amounts will be needed because
of the specificity and increased toxicity of the
modified DT fusion toxins. In certain circumstances
and as can be achieved by, currently available
techniques for example (cannulae or convection
enhanced delivery, selective release) attempts to
deliver enhanced locally elevated fusion toxin amounts
to specific sites may also be desired. (Laske et al.,
J Neurosurg., 87:586-5941(997); Laske et al., Nature
Medicine, 3:1362-1368 (1997), Rand et al., Clin.
Cancer Res., 6:2157-2165 (2000); Engebraaten et al.,
J. Cancer, 97:846-852 (2002), Prados et al., Proc.
ASCO, 21:69b (2002), Pickering et al , J CLin Invest,
91(2)-724-9 (1993)). [00252] One embodiment
contemplates the use of the compositions described
herem to make a medicament for treating a condition,
disease or disorder described herein. Medicaments can
be formulated based on the physical characteristics of
the patient/subject needing treatment, and can be
formulated in single or multiple formulations based on
the stage of the condition, disease or disorder.
Medicaments can be packaged in a suitable package with
appropriate labels for the distribution to hospitals
and clinics wherein the label is for the indication of
treating a subject having a disease described herein.
Medicaments can be packaged as a single or multiple
units. Instructions for the dosage and administration
of the compositions can be included with the packages
as described below. [00253] The invention is further
directed to pharmaceutical compositions comprising a
modified toxm or fusion protein thereof described
hereinabove and a pharmaceutically acceptable carrier.
[00254] Sterile injectable solutions can be prepared
by incorporating an active ingredient in the required
amount m an appropriate solvent with one or a
combination of ingredients enumerated above, as
required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating
the active ingredient into a sterile vehicle which
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of
preparation are vacuumrying an reeze rying w ic yie s
a pow er o t e active ingre ient p us any a itional
desired ingredient om a previously sterile-filtered
solution thereof [00255] In certain embodiments is the
further purification of this mixture to obtain
preparations essentially comprising fusion proteins
This purification is accomplished by further
chromatographic separation which can be accomplished
by affinity chromatography for example, using a salt
gradient to elute the various species of lmrnunotoxms
and gel filtration to separate the immunotoxms from
larger molecules [00256] A gel to be used in
purification of compounds described herein is a three
dimensional network which has a random structure
Molecular sieve gels are those cross-linked polymers
that do not bind or react with the material being
analyzed or separated For gel filtration purposes, a
gel material is generally uncharged The space within
the gel is filled with liquid and the liquid phase
constitutes the majority of the gel volume Materials
commonly used in gel filtration columns include
dextran, agarose and polyacrylamide [00257J Dextran is
a polysaccharide composed of glucose residues and is
commercially available under the name SEPHADEX
(Phamacia Fine Chemicals, Inc ) The beads are prepared
with various degrees of cross-linking in order to
separate different sized molecules by providing
various pore sizes Alkyl dextran is cross-linked with
N N'- methylenebisacrylarmde to form SEPHACRYL-S 100
to SlOOO which allows strong beads to be made that
fractionate in larger ranges than SEPHADEX can achieve
[00258] Polyacrylamide can also be used as a gel
filtration medium Polyacrylamide is a polymer of
cross-linked acrylamide prepared with
N,N'-methylenebisacrylamide as the cross-linking agent
Polyacrylamide is available in a variety of pore sizes
fromBio-Rad Laborato pes (USA) to be used for
separation of different size particles [00259] The gel
material swells in water and in a few organic solvents
Swelling is the process by which the pores become
filled with liquid to be used as eluant As the smaller
molecules enter the pores, their progress through the
gel is retarded relative to the larger molecules which
do not enter the pores, forming the basis of the
separation The beads are available in various degrees
of fineness to be used in different applications The
coarser the bead, the faster the flow and the poorer
the resolution Superfine can be used for maximum
resolution, but the flow is very slow Fme is used for
preparative work m large columns which require a
faster flow rate The coarser grades are for large
preparations in which resolution is less important
than time, or for separation of molecules with a large
difference in molecular weights [00260] Affinity
chromatography is generally based on the recognition
of a protein by a substance such as a hgand or an
antibody The column material can be synthesized by
covalently coupling a binding molecule, such as an
activated dye, for example to an insoluble matrix The
column material is then allowed to adsorb the desired
substance from solution Next, the conditions are
changed to those under which binding does not occur
and the substrate is eluted The requirements for
successful affinity chromatography are that the matrix
must adsorb molecules, the hgand must be coupled
without altering its binding activity, a hgand must be
chosen whose binding is sufficiently tight, and it
must be possible to elute the substance without
destroying it [00261] One embodiment of the compounds
described herein is an affinity chromatography method
where the matrix is a reactive dye-agarose matrix
Blue-SEPHAROSE, a column matrix composed of Cibacron
Blue 3GA and agarose or SEPHAROSE can be used as the
affinity chromatography matrix Alternatively,
SEPHAROSE CL-6B is available as Reactive Blue 2 from
Sigma Chemical Company This matrix binds fusion
proteins directly and allows their separation by
elution with a salt gradient [00262] Provided herein
are compositions containing modified toxins In one
embodiment, modified toxins comprise diphtheria
toxins, said modified diphtheria toxin comprising an
ammo acid sequence as recited in SEQ ID 



NO 2 or 200 with one or more amino acid modifications
therein, wherein at least one amino acid modification
isma e wit m a -ce epi ope, wi in an x y mo i in a
region se ecte rom among residues /-9, 29-i an 290-292
of SEQ ID NO: 2 or 200, within a B-cell epitope, or a
combination thereof, and wherein said modified
diphtheria toxin has cytotoxicity comparable to an
unmodified diphtheria toxin. In one non-limiting
example, a modified VLS (x)D/E(y) motif includes a
modification at position (x) that is a substitution of
V or I by an amino acid residue selected from among A,
S, E, F, C, M, T,W, Y, P, H, Q, D, N, K, R, G, L, and
a modified or unusual ammo acid from Table 1; and
wherein a modification at position D/E is a
substitution of D or E by an ammo acid residue
selected from among A, S, E, I, V, L, F, C, M, G, T,W,
Y, P, H, Q, N, K, R, and a modified or unusual amino
acid from Table 1 In one embodiment, a modification at
position (y) is a substitution by I, F, C, M, A, G, T,
W, Y, P, H, E, Q, D, N, K, R, S, L, V, and a modified
or unusual amino acid from Table 1 [00263] Unmodified
diphtheria toxms can have, for example, an amino acid
sequence of SEQ ID NO: 2, 200 or an amino acid
sequence of any one of SEQ ID NOS 4-147. [00264]
Compositions comprising modified diphtheria toxins,
said have reduced lmmunogenicity, reduced binding
activity to human vascular endothelial cells (HUVECs),
and combinations thereof compared to an unmodified
diphtheria toxin. Such compositions can further
comprise a non-diphthe pa toxm polypeptide including,
but not limited to, an antibody or antigen-binding
fragment thereof, EGF, IL-I, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL- 9, IL-10, IL-1 1, IL-12, IL-13,
IL-14, IL-15, INFa, INFg, GM-CSF, G-CSF, M-CSF, TNF,
VEGF, Ephrin, BFGF and TGF. The non-diphtheria toxin
polypeptide can also be a fragment of such
polypeptides, such as a cell-binding portion thereof.
In one embodiment, the non-diphtheria toxin
polypeptide is IL-2 or a cell binding portion thereof.
[00265] Modified toxms and fusion proteins thereof
having reduced lmmunogenicity, reduced bmdmg to
HUVECs, or a combination thereof while maintaining the
cytotoxicity can be used for the treatment of various
lymphoidde pved malignancies (e.g., cancers), solid
tumors and non-malignant diseases such as GVHD or
psoriasis. [00266] In an exemplary embodiment, the
T-cell epitope modified DT fusion toxins of the
invention are administered to a subject such as a
mammal (e.g., a human), suffering from a medical
disorder, e.g , a cancer such as a T cell lymphoma, or
non-malignant conditions characterized by the presence
of a class of unwanted cells to which a targeting
hgand can selectively bind. [00267] Denileukin
diftitox has been shown to be effective in treating a
subject having previously treated cutaneous T-cell
lymphoma (Chin and Foss (2006) Clinical Lymphoma and
Myeloma, 7(3): 199-204; Talpur et al. (2006) J .
Investigative Dermatology 126: 575-583). Briefly,
denileukin diftitox was administered intravenously for
3 or 5 consecutive days a dose of 4 mg/kg/day, 9
mg/kg/day or 18 mg/kg/day for 3-21 cycles. An overall
response rate of 51% was observed. Denileukin diftitox
has been approved by the FDA for treatment of
cutaneous T cell lymphoma in the United States.
[00268] Provided herein is a method of treating a
subject having cutaneous T-cell lymphoma by
administering a modified DT fusion protein as
described herein [00269] Denileukin diftitox has been
shown to be effective m treating subjects having
relapsed/refractory T-cell and B-cell non-Hodgkm
lymphoma (Dang et al. (2006) Br J. Haematology 136:
439-447; Dang et al. (2004) J. Clin. Oncol. 22:
4095-4102). Briefly, eligible patients received
denileukin diftitox (18 mg/kg/day) for 5 days every
three weeks for up to eight cycles. Such a regimen was
well tolerated in patients and was effective in
treating relapsed/refractory T-cell and B-cell
non-Hodgkin lymphoma [00270] Provided herein is a
method of treating a subject having
relapsed/refractory T-cell or B-cell non-Hodgkin
lymphoma by administering a modified DT fusion protein
as described herein. [00271] In a Phase II clinical
study, it was shown that ONTAK(r) in combination with
ptuximab was significantly effective in treating
patients having relapsed/refractory B-cell non-Hodgkm
lymphoma. Therefore, provided hereinis a me o o rea
ing a su jec aving re apse re rac ory -ce non- o g m
ymp oma Dy administering a modified DT fusion protein
as described herein. [00272] Demleukin diftitox has
been shown to be effective in treating a subject
having panniculitic T-cell lymphoma (McGinnis et al.
(2002) Arch. Dermatol. 138: 740-742) Briefly, a female
patient previously treated with bexarotene and
interferon alpha relapsed within 2 months of therapy.
The patient was then treated with 1 cycle of
intravenous demleukin diftitox (9 mg/kg/day for 5
days) Clinical remission was observed with resolution
of all cutaneous disease, and constitutional symptoms
was achieved 2 weeks after the completion of the third
cycle of demleukin diftitox. [00273] Provided herein
is a method of treating a subject having panniculitic
T-cell lymphoma by administering a modified DT fusion
protein as described herem. In one non-limiting
embodiment, if needed, the subject can be treated m
combination with one or more other therapies, such as,
for example, bexarotene and/or interferon alpha.
[00274] Denileukin diftitox has been shown to be
effective in treating a subject having extranodal
natural killer/T cell lymphoma, nasal type (Kerl et
al. (2006) Br. J Dermatology, 154: 988-991) Briefly, a
58-year old male with rapidly progressive Epstem-Barr
virus-positive nasal type extranodal natural killer/T
cell lymphoma was treated with a combination of
bexarotene and denileukin diftitox. A significant
regression of the cutaneous tumors was observed after
a first cycle of demleukin diftitox and was maintained
for a period of 5 months with monthly cycles of
denileukin diftitox. [00275] Provided herein is a
method of treating a subject having extranodal natural
killer/T cell lymphoma, nasal type by administering a
modified DT fusion protein as described herein in
combination with bexarotene. [00276] Denileukin
diftitox has been shown to be effective in treating a
subject having previously treated chrome lymphocytic
leukemia (Frankel et al. (2006) Cancer, 106(10):
2158-2164). Briefly, denileukin diftitox was
administered as a 60-minute intravenous infusion for 5
days every 2 1 days at a dose of 18 mg/kg/day for up
to 8 cycles. Overall, patients exhibited reduction of
peripheral chronic lymphocytic leukemia (CLL) cells,
reductions in lymph node size, and in some cases,
remission as identified over time from bone marrow
biopsies. In one instance, a patient treated was
chemorefractory against fludarabine (Morgan et al.
(2004) Clin. Cancer Res. 9(10 Pt 1). 3555- 3561)
[00277] Provided herein is a method of treating a
subject having chrome lymphocytic leukemia by
administering a modified DT fusion protem as described
herein. [00278] Denileukin diftitox has been shown to
be effective in treating a subject having human T-cell
lymphotrophic vuTis 1-associated acute T cell
leukemia/lymphoma (Venuti et al. (2003) Clin. Lymphoma
4(3)- 176-180). Briefly, 4 cycles of denileukin
diftitox was administered which resulted in
restoration of normal hematopiesis and a reduction in
bone marrow myelofibrosis. Following disease
progression, 4 cycles of hyper-CVAD (hyperfractionated
cyclophosphamide/doxorubicin/vincristme/decadron) were
administered and complete clinical remission was
achieved. The patient received maintenance therapy
with denileukin diftitox for 1 year. [00279] Provided
herein is a method of treating a subject having human
T-cell lymphotrophic virus 1-associated acute T cell
leukemia/lymphoma by administering a modified DT
fusion protein as described herein in combination with
hyper-CVAD therapy. [00280] Demleukin diftitox has
been shown to be effective in treating a subject
having a solid tumor (Eklund and Kuzel. Expert Rev.
Anticancer Ther , 2005 Feb;5(l):33-8). Therefore,
provided herein is a method of treating a subject
having one or more solid tumors by administering a
modified DT fusion protein as described herein
Exemplary solid tumors include, but are not limited
to, those of a tissue or organ selected from among
skin, melanoma, lung, pancreas, breast, ovary, colon,
rectum, stomach, thyroid, laryngeal, ovary, prostate,
colorectal,ea , nec , eye, mou , roa , esop agus, c es
one, es icu ar, ymp , marrow, one, sarcoma, renal,
swea gland, liver, kidney, brain, gastrointestinal
tract, nasopharynx, genito-urinary tract, muscle, and
the like tissues. [00281] Acute Graft-versus Host
Disease (aGVHD) is mediated partly through activated T
cells which express the high affinity receptor for
IL-2, which is recognized by denileukin diftitox. In a
phase II study of patients suffering from
steroid-resistant aGVHD, one group of patients were
treated with a dose regimen of 4.5 mg/kg daily on days
1- 5 and then weekly on study days 8, 15, 22 and 29.
Another group of patients were treated at with a dose
regimen of 9 mg/kg on the same schedule. Responses
were assessed at days 36 and 100. 41% of the patients
responded, all with a complete response at day 36 and
27% patients responding at day 100 (4 complete
responses and 2 partial responses). [00282) Provided
herein is a method of treating a subject having aGVHD
by administering a modified DT fusion protein as
described herein. [00283] Psoriasis is an
immune-mediated skin disease in which T-cells are
chronically stimulated by antigenpresenting cells in
the skin. Psoriasis is a chronic relapsing disease
that requires intermittent treatment. Denileukin
diftitox was shown to effectively target activated T
cells and improved psoriasis; however, a side effect
of the treatment was vascular leak syndrome (Walsh and
Shear. (2004) CMAJ, 170(13): 1933-1941). In a phase II
study of patients suffering from severe psoriasis, 35
patients were treated with one of three doses of
ONTAK(r) (0.5, 1.5 or 5 mg/kg/day) and received three
doses per week for eight weeks. Eight out of 15
patients (treated with 5 or 1.5 mg/kg/day) showed more
than 50% decrease in symptoms as measured by the
Psoriasis Area and Severity Index (PASI) and
Physician's Global Assessment (PGA). Four patients,
all treated with a dose of 5 mg/kg/day, benefited from
a 2-grade improvement on the 5-grade PGA scale.
[00284] Provided herein is a method of treating a
subject having psoriasis by administering a modified
DT fusion protein as described herein. [00285] Also
contemplated herein is a method of providing
maintenance therapy by administering a nonimmunogenic
DT fusion protein as described herein. [00286] As
described by Dannull et al. (J. Clin. Invest. 115(12):
3623-3633 (2005)), immunization with RNAtransfected
dendritic cells (DCs) is an effective strategy to
stimulate potent T cell responses in patients with
metastatic cancers (Su et al. 2003. Cancer Res. 63:
3127-2133; Heiser et al. 2002. J . Clin. Invest. 109:
409-417). 



CD4+ T cells constitutively expressing the IL-2
receptor -chain (CD25) act in a regulatory capacity by
suppressing the activation and function, of other T
cells (Shevach, E.M. 2001. J. Exp. Med. 193: F41-F46).
Their physiological role is to protect the host
against the development of autoimmunity by regulating
immune responses against antigens expressed by normal
tissues (Jonuleit et al. 2000. J. Exp. Med. 192:
1213-1222; Read and Powrie. 2001. Curr. Opin. Immunol.
13: 644-649). Since tumor antigens are largely self
antigens, T regulatory cells (Tregs) may also prevent
the tumor-bearing host from mounting an effective
anti-tumor immune response. Previous studies have
shown that elevated numbers of CD4+CD25+ Tregs can be
found in advanced cancer patients (Woo et al. 2002. J
. Immunol. 168: 4272-4276) and that high Treg
frequencies are associated with reduced survival
(Curiel et al. 2004. Nat. Med. 10: 942-949). The
important role of CD4+CD25+ Tregs in controlling tumor
growth was further highlighted by the demonstration
that depletion of Tregs using anti-CD25 antibodies can
evoke effective anti-rumor immunity in mice (Shimizu
et al. 1999. J . Immunol. 163: 521 1-5218; Onizuka et
al. 1999. Cancer Res. 59: 3128-3133). Moreover,
anti-CD25 therapy enhanced the therapeutic efficacy of
GM-CSF-secreting B 16 rumor cells and prolonged
survival of tumor-bearing animals (Sutmuller et al.
2001. J . Exp. Med. 194: 823-832). Cumulatively, these
experimental data suggest that the efficacy of cancer
treatment could be enhanced by administration of
agents that lead to thepreieren ia ep e ion o regs,
suc as compoun s a arge ce s expressing the IL-2
receptor subunit. [00287] Recombinant IL-2 diphtheria
toxin conjugate DAB389IL-2 (also known as demleukm
diftitox and ONTAK(r)) to eliminate CD25-expressing
Tregs in metastatic renal cell carcinoma (RCC)
patients. The cytotoxic action of DAB389IL-2 occurs as
a result of binding to the high-affinity IL-2
receptor, subsequent internalization, and enzymatic
inhibition of protein synthesis, ultimately leading to
cell death. [00288] DAB389IL-2 was shown to
selectively eliminate Tregs from human PBMCs m a
dose-dependent manner without apparent bystander
toxicity to other PBMCs or CD4+ T cells with
intermediate- or low-level expression of CD25 Treg
depletion resulted in enhanced stimulation of
proliferative and cytotoxic T cell responses m vitro
but only when DAB389IL-2 was used prior to and omitted
during the T cell priming phase. Depletion of Tregs in
RCC patients with DAB389IL-2 followed by immunization
with tumor RNA-transfected DCs led to improved
stimulation of tumor-specific T cells when compared
with administration of tumor RNA-transfected DCs
alone. CD4+CD25high Tregs can be eliminated using a
single dose of DAB389IL-2 without apparent bystander
toxicity and without having an impact on the function
of other cells expressing CD25. DAB389IL-2 profoundly
reduced the number of Tregs present in the peripheral
blood of RCC patients, reduced levels of peripheral
blood-derived FoxP3 transcripts, and abrogated
Treg-mediated immunosuppressive activity in vivo.
Moreover, significantly higher frequencies of
tumor-specific CD8+ T cells could be measured in
patients treated with combined DAB389IL-2 and DC
immunization when compared with subjects receiving the
DCs alone Also, there was a trend toward an improved
CD4+ T cell response after combined therapy. [00289]
Cognate immunity against neoplastic cells depends on a
balance between effector T cells and regulatory T
(Treg) cells. Treg cells prevent immune attack against
normal and neoplastic cells by directly suppressing
the activation of effector CD4+ and CD8+ T cells. The
use of a recombinant mterleukin 2/diphthepa toxm
conjugate (DAB/IL2; Denileukin Diftitox; ONTAK(r)) was
studied as a strategy to deplete Treg cells and break
tolerance against neoplastic tumors in humans. DAB/IL2
(12 microg/kg; four daily doses; 2 1 day cycles) was
administered to 16 patients with metastatic melanoma
and the effects on the peripheral blood concentration
of several T cell subsets and on tumor burden are
measured. [00290] Rasku et al (J. Translational
Medicine; 6: 12 (2008)) found that DAB/IL2 caused a
transient depletion of Treg cells as well as total
CD4+ and CD8+ T cells (< 2 1 days). T cell
repopulation coincided with the de novo appearance of
melanoma antigen-specific CD8+ T cells in several
patients as determined by flow cytometry using
tetramepc MART-I, tyrosinase and gplOO peptide/MHC
conjugates Sixteen patients received at least one
cycle of DAB/IL2 and five of these patients
experienced regressions of melanoma metastases as
measured by CT and/or PET imaging One patient
experienced a near complete response with the
regression of several hepatic and pulmonary metastases
coupled to the de novo appearance of MART-1-specific
CD8+ T cells. A single metastatic tumor remained in
this patient and, after surgical resection,
immunohistochemical analysis revealed MART1+ melanoma
cells surrounded by CD8+ T cells. The transient
depletion of T cells in cancer patients may disrupt
the homeostatic control of cognate immunity and allow
for the expansion of effector T cells with specificity
against neoplastic cells. [00291] Recent work
demonstrates that lack of naturally induced tumor
associated antigen (TAA)-specific immunity is not
simply a passive process. Barnett et al. (Am J Reprod
Immunol. 54(6).321 (2005)) demonstrated that tumors
actively prevent induction of TAA-specific immunity
through induction of TAA-specific tolerance. This
tolerance was mediated in part by regulatory T cells
(Tregs). Barnett et al. presented evidence that
depleting Tregs in human cancer, including ovarian
cancer, using demleukm diftitox (ONTAK(r)), improves
immunity.-- iv n i umor immunity (Litzinger et al.
(2007) Blood; 110(9): 3192-201). Denileukin diftitox
(DAB(389)IL-2), provides a means of targeting Treg
cells. Treg cells in spleen, peripheral blood, and
bone marrow of normal C57BL/6 mice were variously
reduced after a single intraperitoneal injection of
denileukin diftitox; the reduction was evident within
24 hours and lasted approximately 10 days. Injection
of denileukin diftitox 1 day before immunization with
another agent enhanced antigen-specific T-cell
responses above levels induced by immunization alone.
Litzinger et al. demonstrated in a murine model the
differential effects of denileukin diftitox on Treg
cells in different cellular compartments, the
advantage of combining denileukin diftitox with
another agent to enhance antigen-specific T-cell
immune responses, the lack of inhibition by denileukin
diftitox of host immune responses directed against a
live viral vector, and the importance of dose
scheduling of denileukin diftitox when used in
combination with an immunogen. [00293] Tregs have been
shown to be an integral part of regulating and even
suppressing an immune response to growing tumor cells.
Matsushita et al. (J. Immunol. Methods; 333(1-2):
167-79 (2008)) compared three methods of Treg
depletion and/or elimination, utilizing low dose
cyclophosphamide (CY), a specific antibody directed
against the IL-2 receptor found on Tregs (PC61) and
the use of denileukin diftitox (DD). Matsushita
demonstrated that utilization of DD resulted in a >50%
Treg cell reduction without parallel cytocidal effects
upon other T cell subsets but did not enhance
anti-tumor immunity against Bl 6 melanoma. Lastly, the
PC61 showed a moderate reduction of Tregs that lasted
longer than the other reagents, without a reduction in
the total number of CD8(+) T cells. [00294] Provided
herein is a method of enhancing activity of an
anti-cancer agent (e.g., RNA transfected DCs, anti-
CLTA4 antibodies, MISIIR scFvs, etc.), by
administering a DT variant-IL2 fusion protein
described herein. In one embodiment, a DT variant-IL2
fusion protein is administered followed by
administration of the anti-cancer agent. In one
non-limiting example, the DT variant-IL2 fusion
protein is administered at least four (4) days prior
to the anti-cancer agent. [00295] Also provided herein
is a method of treating a metastatic cancer via
reduction or elimination of Tregs by administering an
anti-cancer agent (e.g., RNA transfected DCs,
anti-CLTA4 antibodies, MISIIR scFvs, etc.) and a DT
variant-IL2 fusion protein described herein.
Metastatic tumors include, for example, metastatic
renal cell carcinoma, metastatic prostate cancer,
metastatic ovarian cancer and metastatic lung cancer.
In one embodiment, a DT variant-IL2 fusion protein is
administered followed by administration of the
anti-cancer agent. In one nonlimiting example, the DT
variant-IL2 fusion protein is administered at least
four (4) days prior to the anti-cancer agent. [00296]
In another aspect, provided herein is a method of
treating a prostate tumor, an ovarian tumor, a lung
tumor or a melanoma via reduction or elimination of
Tregs by administering an anti-cancer agent (e.g., RNA
transfected DCs, anti-CLTA4 antibodies, MISIIR scFvs,
etc.) and a DT variant-IL2 fusion protein described
herein. In one embodiment, a DT variant-IL2 fusion
protein is administered followed by administration of
the anti-cancer agent. In one non-limiting example,
the DT variant-IL2 fusion protein is administered at
least four (4) days prior to the anti-cancer agent.
[00297] Toxicity and therapeutic efficacy of such
ingredient can be determined by standard
pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50
(the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it
can be expressed as the ratio LD50/ED50. Compounds
which exhibit large therapeutic indices are preferred.
While compounds that exhibit toxic side effects may be
used, cares ou e a en o esign a e ivery sys em a arge
s suc compoun s o e si e o a ec e issue in or er o
minimize potential damage to non-cancerous and
otherwise healthy cells and, thereby, reduce side
effects. [00298] The data obtained from the cell
culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The
dosage of such compounds lies preferably within a
range of circulating concentrations that include the
ED50 with little or no toxicity. The dosage may vary
within this range depending upon the dosage form
employed and the route of administration utilized. For
any compound used in the method of the invention, the
therapeutically effective dose can be estimated
initially from cell culture assays. A dose may be
formulated in animal models to achieve a circulating
plasma concentration range that includes the IC50
(i.e., the concentration of the test compound which
achieves a half-maximal inhibition of symptoms) as
determined in cell culture and as presented below in
Example 4. Such information can be used to more
accurately determine useful doses in humans. Levels in
plasma may be measured, for example, by high
performance liquid chromatography. [00299] The
embodiments of the compounds and methods of the
present application are intended to be illustrative
and not limiting. Modifications and variations can be
made by persons skilled in the art in light of the
above teachings specifically those that may pertain to
alterations in the DT toxophore surrounding the
described modifications to T-cell epitope sequences,
described VLS sequences, and B-cell epitope sequences
that could result in reduced immunogenieity, and/or
reduced HUVEC binding while maintaining near native
functionally with 



respect to the ability to use as a DT toxophore in
protein fusion toxin constructions. [00300] It is also
conceivable to one skilled in the art that the
compounds and methods described herein can be used for
other purposes, including, for example, the delivery
of other novel molecules to a selected cell
population. [00301] The present application
contemplates compositions for use in immunization
embodiments. It is contemplated that proteinaceous
compositions that are less effective in promoting VLS
or other toxic effects by alterations in one or more
(x)D/E(y), (x)D/E(y)T and/or flanking sequences are
useful as antigens to stimulate an immune response to
the toxin. In particular embodiments, DT comprising
one or more modified (x)D/E(y), (x)D/E(y)T and/or
flanking sequences are contemplated as useful
antigens. Preferably the composition is extensively
dialyzed to remove undesired small molecular weight
molecules and/or lyophilized for more ready
formulation into a desired vehicle. In other
embodiments, it is also possible to use toxins lacking
one or more active site residues (i.e., a toxoid) for
immunization. [00302] The compounds and methods
described herein can be employed under those
circumstances in which amounts of a toxin would be
used to deliver such agents in a clinical setting or
in settings where it would be desirable to reduce as
much as possible the potential for immunogenicity,
VLS, or combinations thereof. In this setting the
catalytic domain or some portion thereof would be
replaced, rendered inactive and fused with the desired
agent or molecule. Acid sensitive or protease
sensitive cleavage sites could be inserted between the
remnant of the catalytic domain and the desired agent
or molecule. [00303] Agents or molecules that might be
coupled to modified toxins such as disclosed herein
include but are not limited to; peptides or protein
fragments, nucleic acids, oligonucleotides, acid
insensitive proteins, glycoproteins, proteins or novel
chemical entities that required selective delivery.
[00304] Therefore, it should be understood that
changes may be made in the particular embodiments
disclosed which are within the scope of what is
described. XI. PACKAGES AND KITS [00305] In still
further embodiments, the present application concerns
kits for use with the compounds described above.
Toxins exhibiting reduced immunogenicity, VLS
promoting or toxic effects, or combinations thereof
can be provided in a kit. Such kits may be used to
combine the toxin with a specific cell binding ligand
to produce a fusionpro ein a arge s a par icu ar recep
or on a ce e.g., - recep ors on cancer ce s m a ready
to use and stora e container. The kits will thus
comprise, in suitable container means, a composition
with reduced lmmunogenicity, VLS promoting or toxic
effects, or combinations thereof The kit may comprise
a modified DT or a fusion protein thereof in suitable
container means. [00306] The container means of the
kits will generally include at least one vial, test
tube, flask, bottle, syringe and/or other container
means, into which the at least one polypeptide can be
placed, and/or preferably, suitably ahquoted. The kits
can include a means for containing at least one fusion
protein, detectable moiety, reporter molecule, and/or
any other reagent containers in close confinement for
commercial sale. Such containers may include injection
and/or blow-molded plastic containers in which the
desired vials are stored. Kits can also include
printed material for use of the materials in the kit.
[00307] Packages and kits can additionally include a
buffering agent, a preservative and/or a stabilizing
agent in a pharmaceutical formulation. Each component
of the kit can be enclosed within an individual
container and all of the various containers can be
withm a single package. Invention kits can be designed
for cold storage or room temperature storage. [00308]
Additionally, the preparations can contain stabilizers
(such as bovine serum albumin (BSA)) to increase the
shelf-life of the kits. Where the compositions are
lyophihzed, the kit can contain further preparations
of solutions to reconstitute the lyophilized
preparations. Acceptable reconstitution solutions are
well known m the art and include, for example,
pharmaceutically acceptable phosphate buffered salme
(PBS). [00309] Additionally, the packages or kits
provided herein can further mclude any of the other
moieties provided herein such as, for example, one or
more reporter molecules and/or one or more detectable
moieties/agents. [00310] Packages and kits can further
include one or more components for an assay, such as,
for example, an ELISA assay, cytotoxicity assay,
ADP-Ribosyltransferase activity assay, etc. Samples to
be tested in this application include, for example,
blood, plasma, and tissue sections and secretions,
urine, lymph, and products thereof. Packages and kits
can further include one or more components for
collection of a sample (e.g., a syringe, a cup, a
swab, etc.). [00311] Packages and kits can further
include a label specifying, for example, a product
description, mode of administration and/or indication
of treatment. Packages provided herein can mclude any
of the compositions as described herem. The package
can further include a label for treating a cancer
[00312] The term "packaging material" refers to a
physical structure housing the components of the kit.
The packaging material can maintain the components
steplely, and can be made of material commonly used
for such purposes (e.g., paper, corrugated fiber,
glass, plastic, foil, ampules, etc ) . The label or
packaging insert can include appropriate written
instructions. Kits, therefore, can additionally
include labels or instructions for using the kit
components m any method of the invention. A kit can
include a compound in a pack, or dispenser together
with instructions for administering the compound in a
method described herein. [00313] Instructions can
include instructions for practicing any of the methods
described herem including treatment methods.
Instructions can additionally mclude indications of a
satisfactory clinical endpoint or any adverse symptoms
that may occur, or additional information required by
regulatory agencies such as the Food and Drug
Administration for use on a human subject [00314] The
instructions may be on "printed matter," e g , on
paper or cardboard within or affixed to the kit, or on
a label affixed to the kit or packaging material, or
attached to a vial or tube containing a component of
the kit. Instructions may additionally be included on
a computer readable medium, such as a disk (floppy
diskette or hardis , optica suc as - or - , magnetic
tape, e ectrica storage media such as RAM an ROM, IC
tip and hybrids of these such as magnetic/optical
storage media EXAMPLES [00315] The application may be
better understood by reference to the following
non-limiting examples, which are provided as exemplary
embodiments of the application The following examples
are presented in order to more fully illustrate
embodiments of the invention and should m no way be
construed, however, as limiting the broad scope of the
application While certain embodiments of the present
application have been shown and described herein, it
will be obvious that such embodiments are provided by
way of example only Numerous variations, changes, and
substitutions will now occur to those skilled in the
art without departing from the invention It should be
understood that various alternatives to the
embodiments described herein may be employed in
practicing the methods described herein. EXAMPLE 1
Construction, Expression and Purification of DT
Variant and DT-Fusion Proteins Construction of DT
Variant and DT-Fuswn Proteins [00316] A truncated
DT-based toxophore comprising a methionine residue at
the N-terminus and ammo acid residues 1 through 386
(SEQ ID NO 2) of the native DT (now residues 2-387 in
the truncated toxophore) is constructed as DT387 or
residues 1-382 of DT387 The DT-based toxophore can
also comprise a methionine residue at the N-termmus,
amino acid residues 1 through 386 (SEQ ID NO 2) of the
native DT (now residues 2-387 in the truncated
toxophore), and residues 484-485 of native DT,
constructed as DT389 DT387 and DT389 contains three
(x)D(y) motifs at residues 7-9 (VDS), residues 29-31
(VDS), and residues 290-292 (IDS) DT382 contains
residues 1-382 of DT387 or DT389 Other C-terminal
truncated DT constructs as described herein can be
used in the assays provided herein for testing
functionality of DT variants One would understand that
modifications made to DT389 also could be made in a
truncated construct (e g , DT382) and tested for
functionality Figure 31provides ammo acid sequences of
wild type DT382, DT382 variants, and null construct
DT382(G53E) underlined sequences are vector/tag
sequences, enterokinase cleavage site highlighted in
italicized text, and mutations from WT sequences are
shown in bold text [00317] Site directed mutagenesis
is employed to alter the (x)D(y) motif in DT A
Stratagene Quickchange mutagenesis kit is used to
construct the mutations Oligonucleotide primers are
designed to alter encoding residues within the (x)D(y)
motif implicated in VLS [00318] SEQ ID NOS 4-147
provides a list of non-limitmg exemplary modified DTs
and the corresponding amino acid sequences [00319] The
mutants are tested in the context of protein fusion
toxin genetically fused to sequences encoding human
mterleukm 2 (SEQ ID NO 3) or a cell binding portion
thereof DT-fusion proteins are expressed and purified
Expression and Purification of DT Variants and
DT-Fusion Proteins [00320] Plasmid constructs encoding
truncated and/or modified DT protein, modified DT
mutants, and modified DT-fusion protein are
transformed into E colt HMS 174 (DE3) cells E coll HMS
174 is a protease-deficient strain m which
over-expression of recombinant proteins can be
achieved Induction of the recombinant protein
expression is obtained by addition of
isopropylthiogalactosidase (IPTG) to E coh HMS 174
Following incubation, the bacterial cells are
harvested by centrifugation and lysed, and the
recombinant protein is further purified from inclusion
body preparations as descpbed by Murphy and
vanderSpek, Methods in Molecular Biology,
Bacterialoxms:met o s an protoco s, : - umana press,
otowa, . . t may e necessary to remove endotoxin from
the protein preparations to assure that effects on
HUVECs are from VLS and not due to the presence of the
endotoxins. Endotoxin is removed to <250 EU/ml by
passage over an ion-exchange resin. Separation of
breakdown products from full-length material also
occurs during ion-exchange chromatography. After
another final 



purification over ion exchange resm, endotoxin is
reduced to <25 EU/ml and the toxophore is tested for
VLS as a function of HUVEC cell binding in vitro.
Analysis of DT3s7 orDT 89 toxophore can be conducted
using Coomassie Blue staining and Western Blot when
samples from the process described above are resolved
by SDS Polyacrylamide Gel Electrophoresis (PAGE) using
conventional techniques described herein and known in
the art. [00321] Mutations that result in stable
constructs with adequate expression that do not affect
ribosyltransferase activity of the DT387 orDT389
toxophore can be subsequently tested for targeted
cytotoxicity in the corresponding VLS modified DT-EGF
and VLS modified DT-IL-2 protein fusion toxins
(Example 5, respectively). EXAMPLE 2 Cell Permeability
Assays [00322] Human vascular endothelial cells are
maintained in EGM media (obtained from Cambrex,
Walkersville, Md.). Sub-confluent early passage cells
are seeded at equivalent cell counts onto plastic
cover slips. Purified, endotoxin free wild type DT
toxophore and mutants are labeled with the fluorescent
tag F-150 (Molecular Probes, Eugene, Oreg ) through
chemical conjugation. HUVECs are incubated with
equivalent amounts of the labeled toxophores. The
media is then aspirated, and the cells are then
washed, fixed and prepared for analysis. Examination
of the cells on cover slips from different treatment
groups permits the analysis of the number of cells
labeled by the fluorescent toxophore. No targeting
ligand is present on the toxophore and, consequently,
the level of HUVEC interaction is proportional only to
the toxophores affinity for HUVECs. Comparisons are
carried out using a fluorescent microscope and
comparing the number of cells labeled from at least
ten independent fields, different cover slips or
different slides DAPI stain is used to localize cells,
particularly in the case of the mutant constructs as
cell labeling is not readily apparent.
4'-6-Diamidino-2-phenylindole (DAPI) is known to form
fluorescent complexes with natural double-stranded
DNA; as such DAPI is a useful tool m various
cytochemical investigations. When DAPI binds to DNA,
its fluorescence is strongly enhanced. Thus, DAPI
serves as a method of labeling cell nuclei. In
contrast, cells treated with F-150DT toxophore are
easily observed. To facilitate that quantification of
the mutant DT toxophore constructs the signal
intensity and changes m background signal are also
increased. [00323] Effect of the DT vapant IL-2 fusion
proteins on the morphology of HUVEC monolayers can
also be assessed according to methods described, by
example, Baluna et al. (Int. J. Immunopharm.,
18:355-361, 1996) and Soler-Rodpguez et al. (Exp. Cell
Res , 206-227-234, 1993). To determine whether the VLS
sequences in DT and IL- 2 damage HUVECs, monolayers
are incubated with different concentrations of DT
variants, DT variant-IL-2-fusion proteins, or controls
HUVECs are isolated, cultured and studied
microscopically. Briefly, HUVEC monolayers are
incubated at 37 C for 18 hours with 10 6 M of each
vapant, fusion protein, control, or medium-only and
then examined by phase-contrast microscopy
(magnification at 20 times). Normal monolayers consist
of highly packed cells with elongated shapes, whereas
damaged cells round up and detach from the plate.
Untreated HUVECs consist of tightly packed elongated
cells. Monolayers can be assessed after 2 hours for
cell rounding after 2 hr of incubation and after 18
hours for formation of gaps in the monolayer. Toxic
effects on HUVECs are assessed. [00324] Another method
for measuring permeability of endothelial monolayers
in vitro has been described m detail previously
(Friedman et al. J . Cell. Physiol., 129: 237-249
(1986); Dowme et al. Am. J. Resp. Cell. MoI. Biol ,
7(1): 58-65 (1992)). After incubation with the various
media described, the filters containing confluent
endothelial cellsare was e imes wi . e ers wi a ac e
en o e ia ce s are en moun e in mo i ie ux chambers,
and the chambers placed in a culture dish. The upper
well of the chamber is filled with serum-free medium
containing 50 mM Hepes. The dish is filled with the
same medium. A stirring bar is added to the lower
well, and the entire chamber placed on an electrical
stirring device and incubated at 37 C The chamber is
incubated until the level of media between the upper
well and the surrounding fluid in the beaker is equal.
Thus, no hydrostatic pressure difference is present
between the upper and lower wells. After this
equilibration period, a small aliquot of medium in the
upper well is removed and replaced with medium
containing [125I]bovine serum albumin (30,000 cpm/ml).
The radiolabeled albumin is extensively dialyzed
against 1M PBS immediately before use. Chromatographic
monitoring of the dialyzed [125I]albumm as well as the
media m the lower well after the end of the study is
demonstrated > 95% of the 125I to co-chromatograph
with albumin (Friedman et al. J. Cell. Physiol., 129:
237-249 (1986)). Small ahquots of media (in
triplicate) are removed serially from both the upper
and lower wells 10, 30, 60, 120, 180, and 240 mm after
the addition of the 125I probe. The 125I activity in
each aliquot is measured in a gamma counter, and the
average cpm/ml for the samples from the upper and
lower wells is determined. Appropriate corrections are
made for background using the experimental media. The
[125I]albumin transfer rate of the BPAEC monolayers is
expressed as the rate of appearance of counts in the
lower well relative to the number of counts in the
upper well/hour over the 90 to 240-min period of
steady-state clearance (Friedman et al. J. Cell.
Physiol , 129: 237-249 (1986)). Each albumin transfer
rate point (""") represents the average rate of
duplicate filters within a group. Each group of
filters included duplicate control filters (i.e.,
monolayers on filters incubated with diluent alone) In
additional filters, non-radiolabeled bovine serum
albumin (final concentration of 1%) is added along
with [125I]bovine serum albumin in the upper well. The
[125I]albumin transfer rate across the monolayer is
determined using the previously described method. The
endothelial monolayers is expected to be more intact
after exposure to DTvapant-IL-2 fusion proteins
compared to unmodified DT-IL-2 fusion proteins.
[00325] In yet another assay, channel-forming
activities of the mutants of DT-IL-2 are determined
using a planar lipid bilayer membrane system
(vanderSpek et al., J. Biol. Chem. 268. 12077-12082
(1993); Silverman et al., J . Membr. Biol 137 17-28
(1994); Hu et al. Prot. Eng 11(9): 8 11-817 (1998))
and compared to unmodified DT-IL-2. The membranes are
formed across 50-100 mm apertures are made in
polystyrene cups. A 1% hexane solution of lecithin
type IIS (Sigma) with the neutral lipids removed
(Kagawa and Racker, Biol. Chem 246. 5477-5487(1971))
is used to coat both sides of the aperture and allowed
to dry The outside of the aperture is then coated with
a 1.5% squalene solution prepared in light petroleum.
The cup is placed in the back chamber of a block
prepared by Warner Instruments (Hamden, CT). A buffer
solution ( 1 M KCl, 2 mM CaCl 2, 1mM EDTA, 50 mM
HEPES, pH 7.2) is added to the cup to above the level
of the aperture (0.5 ml). The front chamber of the
block is filled with 1 0 ml of the same buffer
solution, except with 30 mM MES, pH 5.3, instead of
the HEPES. A 50 ml aliquot of the lecithin hexane
solution is layered on top of the buffer in the front
chamber and the hexane is allowed to evaporate. The
buffer in the front chamber is then lowered and raised
above the level of the aperture and the planar lipid
bilayer is formed. Unmodified DT-IL-2 fusion proteins
and DT vapant-IL-2 fusion proteins thereof are added
to the front chamber at concentrations rangmg from 20
to 730 ng/ml. A voltage of +60 mV is applied across
the membrane using voltage clamp conditions. The back
chamber of the block, containing the cup, is held at
virtual ground and the voltages refer to the front
chamber to which the proteins are added. Current is
monitored using standard methods (Jakes et al., J.
Biol. Chem. 265: 6984-6991(1989)) Channel conductances
are determined using the equationg = HV, where g is
the conductance, /is the current flowing through the
membrane and Vis the voltage applied across the
membrane. The lipid bilayer is expected to be more
intact after exposure to DTvapant-IL-2 fusion proteins
compared to unmodified DT-IL-2 fusion proteins[00326]
This example describes a method for testing
ADP-Ribosyltransferase Activity. Ribosome inactivating
protein toxins, such as diphtheria toxin, catalyze the
covalent modification of translation elongation factor
2 (EF-2). Ribosylation of a modified histidine residue
in EF-2 halts protein synthesis at the ribosome and
results in cell death. Ribosyltransferase assays to
determine catalytic activity of the DT3 7 mutants are
performed in 50 mM Tris-Cl, pH8.0, 25 mM EDTA, 20 mM
Dithiothreitol, 0.4 mg/ml purified EF-2, and 1.0 pM
[32P]-NAD+ (10 mCi/ml, 1000 Ci.rpmol,
Amersham-Pharmacia). The purified mutant proteins are
tested in a final reaction volume of 40 ml. The
reactions are performed in 96 well, V-bottom
microliter plates (Linbro) and incubated at room
temperature for an hour. Proteins are precipitated by
addition of 200 ml 10% TCA and collected on glass
fiber filters, and radioactivity is determined by
standard protocols. Traditional methods for measuring
ADP-ribosylation use permeabilized cells treated with
double stranded (ds) activator DNA oligonucleotide;
subsequent measurement of radiolabeled NAD+ is
incorporated into acid insoluble material. FACS-based
methods such as those described by Kunzmann et al.
(Immunity & Ageing, 3:8 (2006)) are also available.
EXAMPLE 4 Cytotoxicity Assays on Crude Extracts of
Modified DT-IL-2 Fusion Proteins [00327] The DT387
orDT389 construct is initially used to demonstrate
that modified toxophores can be chemically coupled to
a number of targeting ligands and yield functional
targeted toxins. Single chain fusions toxins, as
exemplified by DT3871inker IL-2 or DT3891inker IL-2,
circumvent the scale-up purification problems
typically encountered in the development of conjugate
toxins. To confirm the effects of the engineered
changes, a number of modified DT387 IL-2 fusion or
DT389 IL-2 fusion toxins are produced and tested in
cytotoxicity assays. [00328] Amino acid substitutions
made, as described above; to determine that the
changes do not yield inactive toxophores incapable of
producing fusion toxins, cytotoxicity assays are
performed. Cytotoxicity Assays [00329] Cytotoxicity
assays are performed using HUT102/6TG cells, a human
HTLVl transformed T-cell line that expresses high
affinity Interleukin-2 receptors. HUT102/6TG cells are
maintained in RPMI 1640 (Gibco) media supplemented
with 10% fetal bovine serum, 2 mM glutamine, 50 IU/ml
penicillin and 50 mg/ml streptomycin. The cells are
seeded at a density of 5xlO4/well into 96 well,
V-microtiter plates. The fusion protein toxins are
typically added to the wells in molarities ranging
from 10 7 M down to 10 12 M. Final volume in the wells
is 200 ml. The plates are incubated for 18 hours, at
37 C. in a 5% CO2 environment. The plates are
subjected to centrifugation to pellet the cells, the
media removed and replaced with 200 ml leucine-free,
minimal essential medium containing 1.0 mCi/ml[14C]
leucine (<280 mCi/mmol, Amersham-Pharmacia) and 2 1 mM
glutamine, 50 IU/ml penicillin and 50 mg/ml
streptomycin. The cells are pulsed for 90 minutes and
then the plates subjected to centrifugation to pellet
the cells. The supernatant is removed and the cells
are lysed in 60 ml, 0.4 M KOH followed by a 10 minute
incubation at 



room temperature. 140 ml of 10% TCA is then added to
each well and another 10 minute, room temperature
incubation is performed. The precipitated proteins are
collected on glass fiber filters using a PHD cell
harvester and the incorporated radioactivity is
determined using standard methods. The results are
reported as a percentage of control (no fusion protein
added to inhibit protein synthesis) [14C]-leucine
incorporation. Toxilight(tm), Vialight(tm) and
ALAMARBLUE(tm) kits are non-radioactive, commercial
assays which can be used to assess the variants. The
assays are conducted in a 96-well plate format,
titrating toxin (10~7 - 10 12 M) over time using
susceptible and resistant cell lines.narmaceu ica gra
e puri ie 389 - pro uce rom con ypica y yie s an 50 o
e ween 5x10 " M to IxIO 12 M. Partially purified toxms
exhibit activity between 10-100 fold lower in
partially purified nonhomogenous extracts.
Pharmaceutical grade toxins are purified to
homogeneity and the active fractions of refolded
fusion toxins are used as biologically active drug In
the example above we utilize a moderate through put
analysis to determine the receptor specific
cytotoxicity of partially purified modified DT-IL-2
fusion toxins and compared them to the activity of
similarly purified DAB389IL-2. These assays
demonstrate comparable activity of the modified
DT387lmker IL-2 fusion to DAB389IL-2. It should be
noted that the calculation of specific cytotoxicity
was based upon the total amount of protein in the
samples of partially fusion toxm. For assays equimolar
concentrations of fusion toxins were tested. [00331]
The relative amounts of non-fusion toxins protein in
each sample could artificially alter the IC50 of any
given construct. That is, the presence of non full
length or non fusion toxm protein in the samples used
in this analysis could potentially account for small
differences in IC50. [00332] Purified DAB389IL-2
produced in E coll typically yields an IC50 of between
5xlO u M and IxIO 12 M [00333] A moderate throughput
cytotoxicity assay is used to analyze crude
purifications of modified DT-IL-2 fusion toxins and
compare them to the activity of similarly purified
DT387linkerIL-2. [00334] It should be noted that there
is one (x)D/E(y) motif m IL-2 located at residues
19-21 (LDL). The contribution of IL-2 to VLS can be
determined by modifying the (x)D/E(y) motif in the
IL-2 and test the modified protein using the
cytotoxicity assay described above. For example, using
modified DT mutants derived from DT38 or DT387linker
IL-2, it is possible to distinguish between effects of
the mutations on catalytic activity, VLS activity and
effective delivery of the targeted toxm to the cytosol
of target cells The comparison between modified DT
mutants OfDT387 and DT387linker IL2 will also separate
the effects of modified sequences of the toxophore
alone from the IL-2 targeting hgand present in
DT387lmker IL-2. In another example, using modified DT
mutants derived from both DT3 9 and DT389lmker IL-2,
it is possible to distinguish between effects of the
mutations on catalytic activity, VLS activity and
effective delivery of the targeted toxin to the
cytosol of target cells. The comparison between
modified DT mutants OfDT389 and DT3g9linker IL2 will
also separate the effects of modified sequences of the
toxophore alone from the IL-2 targeting hgand present
in DT389linker IL-2. EXAMPLE 5 [00335] This example
describes an in vivo method to test the effect of
fusion proteins described herein. A model has been
developed to study the effect of toxm-contaming fusion
proteins on human endothelium in vivo by grafting
vascularized human skin onto SCID mice, injecting the
mice with toxin-containmg fusion proteins and
measuring fluid accumulation mthe graft as the wet/dry
weight ratio (Baluna et al , J. Immunother., 22(1)
41-47 (1999)). Fluid accumulation m the human skin is
measured by weighing punch biopsies of the skin grafts
before and after freeze drying. This model can be used
to evaluate the effect of the modified DT fusion
proteins described herein in vivo [00336] The fluid
accumulation in the lungs of normal SCID mice is also
used as a surrogate model for VLS. IL-2 has been shown
to induce fluid accumulation m the lungs of mice
(Orucevic and LaIa, J Immunother Emphasis Tumor
Immunol , 18(4):210-220 (1995)). The water content of
the lungs or skin grafts is calculated as the wet/dry
weight ratio. In this model, pulmonary vascular leak
can also be assessed by measurmg the accumulation in
the lungs of 12SI-albumin injected intravenously
(Smallshaw et al., Nature Biotechnology 2 1:387-39 1
(2003)).[00337] Multiple assays are available to test
the function of DT variants described herein such as,
for example, in vitro cytotoxicity assays, in vitro
vascular toxicity, in vivo mouse models as well as any
other assay described herein or known in the art. In
vitro cytotoxicity assays [00338] The cytotoxic
activities of the different modified DT fusion
proteins are determined using CD22+ Daudi cells and
[3H]-leucine incorporation as described previously
(Ghetie et al , 1988) The concentration of fusion
protein which reduces [3 H]-leucme incorporation by
50% relative to an untreated control culture is
defined as the IC50 Vascular toxicity [00339] As a
first step in evaluating the ability of fusion
proteins prepared with modified DTs to induce vascular
damage, a series of in vitro studies using HUVECs can
be conducted For in vitro assays, the effect of
modified DT fusion proteins on the morphology of HUVEC
monolayers is tested as described previously (Baluna
et al , 1996) In vivo assays [00340] The effects of
modified DT fusion proteins can be determined in the
SCID/Daudi tumor model (Ghetie et al , 1992) Briefly,
female SCID mice are injected lntraveneously (I V ,
lateral tail vein) with 5X106 Daudi cells on day zero.
Fusion proteins are injected I V on days 1, 2, 3 and 4
Groups of 5 mice are used for each treatment and
studies are repeated Treatment groups receive (1) no
treatment (control); (2) unmodified DT fusion
proteins, or (3) modified DT fusion proteins Mice are
followed and sacrificed when the paralysis of their
hind legs occurs Pulmonary vascular leak in SCID mice
is evaluated as described (Baluna et al , 1999) The
water content of the lungs is calculated as the
wet/dry weight ratios of lungs removed from mice
injected with 10 mg modified DT fusion protein/g of
mouse weight EXAMPLE 7 [00341] This example describes
a method of screening a toxin for T-cell epitopes The
interaction between MHC, polypeptide and T cell
receptor (TCR) provides the structural basis for the
antigen specificity of T cell recognition T cell
proliferation assays test the binding of polypeptides
to MHC and the recognition of MHC/polypeptide
complexes by the TCR In vitro T cell proliferation
assays of the present example, involve the stimulation
of peripheral blood mononuclear cells (PBMCs),
containing antigen presenting cells (APCs) and T cells
Stimulation is conducted in vitro using synthetic
peptide antigens Stimulated T cell proliferation is
measured using 3H-thymidine (3H -Thy) and the presence
of incorporated 3H -Thy is assessed using
scintillation counting of washed fixed cells [00342]
Buffy coats from a donor pool of human blood stored
for less than 12 hours are obtained, and polypeptide
libraries corresponding to the amino acid residue
sequence of the toxm are synthesized via known methods
or obtained from an appropriate source. Erythrocytes
and leukocytes are separated from plasma and platelets
by gentle centrifugation of buffy coats The top phase
(containing plasma and platelets) is removed and
discarded Erythrocytes and leukocytes were diluted 1.1
in phosphate buffered salme (PBS) before layenng onto
15 ml ficollpaque (GE Healthcare) Centrifugation is
done according to the manufacturers recommended
conditions and PBMCs are harvested from the
serum+PBS/ficoll plaque interface. PBMCs are mixed
with PBS ( 1 1) and collected by centrifugation The
supernatant is removed and discarded and the PBMC
pellet is resuspended in 50 ml PBS Cells are again
pelleted by centrifugation and the PBS supernatant
discarded Cells are then resuspended using 50 ml AIM V
media and at this point counted and viability assessed
using trypan blue dye exclusion Cells are again
collected by centrifugation and the supernatant
discarded Cells are resuspended for cryogenic storage
at a density of 3x107per m . e storage me um s v v eat
nact vate uman serum nv trogen) and 10% (v v) DM
(Invitrogen). Cells are transferred to a regulated
freezing container and placed at -70 C. overnight
before transferring to liquid N2 for long term
storage. When required for use, cells are thawed
rapidly in a water bath at 37 C before transferring to
10 ml pre-warmed AIM V medium. [00343] PBMCs are
stimulated with polypeptide antigens in a 96 well flat
bottom plate at a density of 2xlO5 PBMC per well. PBMC
were incubated for 7 days at 37 0C before pulsing with
3H-Thy. Synthetic polypeptides (15mers) that
overlapped by increments of 12 amino acids are
generated that span the entire sequence of the toxin.
[00344] Each polypeptide is screened individually
against PBMCs isolated from 20 naive donors. Two
control polypeptides that have previously been shown
to be immunogenic and a potent non-recall antigen,
KLH, are used in each donor assay. The control
antigens used are Flu haemagglutinin; Chlamydia HSP 60
peptide and Keyhole Limpet hemocyanin. Polypeptides
are dissolved in DMSO to a final concentration of 10
mM, these stock solutions are then diluted 1/500 in
AIM V media (final concentration 20 mM). Polypeptides
are added to a flat bottom 96 well plate to give a
final concentration of 2 and 20 mM in a 100 ml . The
viability of thawed PBMCs is assessed by trypan blue
dye exclusion, and cells are then resuspended at a
density of 2x106 cells/ml, and 100 ml (2x105
PBMC/well) is transferred to each well containing
peptides. Triplicate well cultures are assayed at each
peptide concentration. Plates are incubated for 7 days
in a humidified atmosphere of 5% CO2 at 37 C. Cells
are pulsed for 18-21 hours with 1 mCi 3H-Thy/well
before harvesting onto filter mats. CPM values are
determined using a microplate beta top plate counter.
Results are expressed as stimulation indices, where
the stimulation index (SI) is derived by division of
the proliferation score (e.g. counts per minute of
radioactivity) measured to the test peptide by the
score measured in cells not contacted with a test
peptide. Example 8 [00345] Deimmunization has been
successfully applied to generate T cell
epitope-depleted variants of several proteins
including plant (EP1737961) and bacterial
(WO2004/018684) toxins. Deimmunization technology has
been improved, such as through the development of
EpiScreen(tm) (Antitope, Ltd., Cambridge, UK) which is
more sensitive for measuring T cell epitopes. [00346]
T cell epitopes can be removed by replacement with
sequence segments from other proteins using Composite
Protein(tm) technology (Antitope, Ltd.) rather than
introduction of point mutations which, as a result, 



provides a more flexible solution in removing T cell
epitopes while retaining protein function. [00347] The
methods described herein are to generate variants of
DT with reduced VLS and reduced immunogenicity using
the following seven stages: Stage 1 - T cell epitope
mapping of DT and the junction with a selected ligand,
e.g., human IL-2; Stage 2 -assays for VLS and DT
activity; Stage 3 - gene synthesis, expression and
purification of whole DT in E. coli in a format
suitable for screening multiple variants
(approximately 100-250 variants); Stage 4 - generation
and testing of DT variants for reduced VLS (HUVEC
binding assay) - variants are tested in two rounds
(single locus / multiple loci); Stage 5 - generation
and testing of DT variants after removal of T cell
epitopes -variants are tested in rounds (single
epitope, multiple epitope, optimization) with the
second round involving combination with VLS variants
(stage 4); Stage 6 - generation of lead DT-fusion
variant by fusion of lead DT variant from stage 5 with
a protein ligand such as human IL-2 and purification /
testing of protein (this stage is optional); andtage -
mmunogen c ty test ng o ea - truncate var ant y p
creen contro of wild-type truncated DT (DR)). [00348]
Testing of the DT variants containing mutations in VLS
motifs in the HUVEC binding assay as well as testing
of all DT variants for potency in the IVTT assay is
done with, for example, truncated DT variants without
the wild-type receptor binding (R) domain (DT (DR)).
Testing of leads for potency in cytotoxicity assays is
performed with both full length DT versions as well as
fusion proteins in which DT(DR) is fused to IL-2. For
EpiScreen(tm) validation of one or more lead DT
variants (stage 7), the optimized DT variants with
modified C and I domains are tested by expression of
truncated DT (DR), Example 9 EpiScreen(tm) T Cell
Epitope Mapping of DT EpiScreen Donor Selection
[00349] Peripheral Blood Mononuclear cells (PBMC) were
isolated from healthy community donor buffy coats
(from blood drawn within 24 hours) which were obtained
from the UK National Blood Transfusion Service
(Addenbrooke's Hospital, Cambridge, UK) according to
approval granted by Addenbrooke's Hospital Local
Research Ethics Committee. PBMC were isolated from
buffy coats by Lymphoprep (Axis-shield, Dundee,
Scotland) density centrifugation and CD8+ T cells were
depleted using CD8+ RossetteSep(tm) (StemCell
Technologies, Inc.). Donors were characterized by
identifying HLA-DR haplotypes using a Biotest HLA
SSP-PCR based tissue-typing kit (Biotest,
Landsteinerstrabe, Denmark). T cell responses to a
control antigen, Keyhole Limpet Haemocyanin (KLH)
(Pierce, Rockford, USA) were also determined. A cohort
of 54 donors was selected to best represent the number
and frequency of HLA-DR allotypes expressed in the
world population (Table 1 and Figure 1). Analysis of
the allotypes expressed in the cohort against those
expressed in the world population revealed that
coverage of >80% was achieved and that all major
HLA-DR alleles (individual allotypes with a frequency
>5% expressed in the world population) were well
represented. Table 1 shows donor haplotypes and a
comparison of responses to KLH obtained during the
processing and isolation of donor PBMC (test 1)
against donor responses obtained after re-testing
during this study (ANGOl). A summary of donor
haplotypes is provided in Table 2, and a comparison of
the frequency of donor allotypes used in the study
versus those present in the world population is shown
in Figure 1.DRb r OI DRBI d DRB 5.29 2.15 Table 2.
Donor details and haplotypes. Donor responses (SI) to
KLH are shown for two independent tests. Test 1 was
performed on freshly isolated PBMC and ANGOl is the
re-test in the current study. Responses that did not
produce the same result (i.e., positive or negative)
in both tests are highlighted in grey. Three donors
with very low basal cpm (<150cpm) were excluded from
the analysis. EpiScreen Analysis: Proliferation Assays
[00350] EpiScreen(tm) was used to test overlapping
peptides derived from the sequence of DT 1-389
including the DT C and I domains with 10 amino acids
of human IL-2 at the C terminus. Overlapping peptides
were designed spanning residues 1-389 of DT-I together
with 10 amino acids of human IL-2 at the C terminus
(DT 1-389/IL-2 2- 10). A series of 128xl5mer peptides
overlapping by 12 amino acids were synthesized
together with lxHmer and 1x1 lmer and used to
stimulate peripheral blood mononuclear cells (PBMC)
derived from a cohort of 5 1 healthyonors using ipi
creen ce epi ope mapping n ivi ua pep i es were es e m
rep ica e cu ures an responses were assessed using T
cell proliferation assays to identify the precise
location of epitopes PBMC from each donor were thawed,
counted and assessed for viability. Cells were revived
in room temperature AIM V culture medium (Invitrogen,
Carlsbad, California) before adjusting the cell
density to 2.5x1 06 PBMC/ml (proliferation cell
stock). Peptides were dissolved in DMSO
(Sigma-Aldrich, St Louis, MO, USA) to a final
concentration of 1OmM Peptide culture stocks were then
prepared by diluting into AIM V culture medium to a
final concentration of 5 mM. For each peptide and each
donor, sextuphcate cultures were established by adding
100 ml of the peptide culture stocks to lOOml of
proliferation cell stock in a flat bottomed 96 well
plate. Both positive and negative control cultures
were also established in sextuphcate. A total of 9 x
96 well plates were used for each donor, and each
plate was sufficient to test 15 peptides with one
negative control (carrier alone) in sextuplicate. On
the final plate, the positive control KLH was added
[00351] Cultures were incubated for a total of 6 days
before adding 0.5 mCi 3[H]-Thyrmdine (Perkin Elmer(r),
Waltham, Massachusetts, USA) to each well. Cultures
were incubated for a further 18 hours before
harvesting onto filter mats using a TomTec Mach III
cell harvester Counts per minute (cpm) for each well
were determined by Meltilex(tm) (Perkin Elmer(r),
Waltham, Massachusetts, USA) scintillation counting on
a Microplate Beta Counter (Perkin Elmer(r), Waltham,
Massachusetts, USA) in paralux, low background
counting mode. [00352] For proliferation assays, an
empirical threshold of a stimulation index (SI) equal
to or greater than 2 (SI 2) has been previously
established whereby samples inducing proliferative
responses above this threshold are deemed positive
(where included, borderline SIs >1.90 are
highlighted). Extensive assay development and previous
studies have shown that this is the minimum signal to
noise threshold allowing maximum sensitivity without
detecting large numbers of false positive responses.
Positive responses are defined by the following
statistical and empirical thresholds- 1. Significance
(p<0.05) of the response by comparing cpm of test
wells against medium control wells using unpaired two
sample student's t-test. 2. Stimulation index greater
than 2 (SI 2), where SI = mean of test wells
(cpm)/mean medium control wells (cpm). [00353] In
addition, intra-assay variation was assessed by
calculating the coefficient of variance and standard
deviation (SD) of the raw data from replicate
cultures. [00354] Proliferation assays were set up in
sextuplicate cultures ("non adjusted data"). To ensure
that intra assay variability was low, data was also
analyzed after removing the maximum and minimum cpm
values ("adjusted data") and the SI of donor responses
were compared using both data sets Details of donor
SIs from both adjusted and non-adjusted data sets are
presented in Figures 12 and 13. T cell epitopes were
identified by calculating the average frequency of
responses to all peptides m the study + 2 x SD
(background response rate). Any rertide(s) that
induced proliferation above this threshold was
considered to contain a T cell epitope. In Silico
iTope(tm) Analysis of Peptides [00355] The sequences
of peptides that were positive in the proliferation
assay were analyzed using Antitope's predictive
iTope(tm) software. This software predicts favorable
interactions between amino acid side chains of the
peptide and specific binding pockets within the MHC
class II binding groove. The location of key binding
residues was determined by generating 1Omer peptides
that overlapped by one amino acid spanning the long
peptide sequence. Each lOmer was tested against
Antitope's database of MHC class II allotypes (32
total) and scored based on their fit and interactions
with the MHC class II molecules. Peptides that
produced a high binding score against a large number
of alleles were considered to contain the core 9mer.
Such testing provided a comprehensive T cellep tope
ana ys s o - - - nc u ng a a u ce ep tope map o - - -
- IL-2 2-10; (b) assessment of the potency of
individual T cell epitopes and prioritization for
removal from DT; and (c) assessment of T cell epitope
association with MHC class II allotypes.
Identification of T cell epitopes [00356] All one
hundred thirty peptides identified using the
EpiScreen(tm) Analysis described above were
successfully synthesized for testing against 5 1
healthy donors (54 donors were originally selected,
but donors 13, 20 and 38 were excluded from the
analysis due to low basal cpm, i.e., below the cut off
value of 150cpm). Positive responses were defined by
donors that produced a significant (p<0.05) response
with a SI 2 to any given peptide. Borderline responses
(a significant (p<0.05) response with an SI > 1.90)
were also included. The outputs from nonadjusted and
adjusted data analyses were compared to ensure that
intra-assay variability was low and that positive
responses were not the result of spurious
proliferation in individual wells. The results from
each analysis showed little difference between the
methods; consequently, the T cell epitope map was
compiled using the adjusted data analysis. Donor
stimulation indices from both non-adjusted and
adjusted analyses are shown in Figures 12 and 13,
respectively. T cell epitopes were identified by
calculating the average frequency of the responses to
all peptides in the study plus twice the standard
deviation (termed 'background response rate'). This
was calculated to be 5.6% and was the equivalent of
inducing a positive response in three or more donors.
Peptides inducing proliferative responses above this
threshold were considered to contain a T cell epitope.
[00357] Table 3 provides a summary of the individual
donor responses to each of the peptides. A graph
showing the frequency of responses to the peptides can
be found in Figure 2. Nine peptides induced
proliferative responses 



above the background response rate (peptides 2, 31,
35, 39, 40, 41, 42, 49, and 100) and were therefore
considered to contain a T cell epitope. From these
nine peptides, a total of seven T cell epitopes were
identified within the DT- 1 sequence and are discussed
in further detail below.STIMULI RESPONSIVE NANOFIBERS
TECHNICAL FIELD The present invention generally
relates to stimuli responsive nanofibers and stimuli
responsive nanofiber modified surfaces. More
particularly, the present invention is directed to
nanofibers including a thermally responsive polymer, a
multi-functional cross-linking agent, and optionally a
biologically active material or a functional polymer
that is reactive with a biologically active material.
The stimuli responsive nanofibers can be used to
modify a surface of a substrate, such as a cell
culture device. BACKGROUND Nanofibers are being
considered for a variety of applications because of
their unique properties including high surface area,
small fiber diameter, layer thinness, high
permeability, and low basis weight. More attention has
been focused on functionalized nanofibers having the
capability of incorporating active chemistry,
especially in biomedical applications such as wound
dressing, biosensors and scaffolds for tissue
engineering. Nanofibers may be fabricated by
electrostatic spinning (also referred to as
electrospinning). The technique of electrospinning of
liquids and/or solutions capable of forming fibers, is
well known and has been described in a number of
patents, such as, for example, U.S. Pat. Nos.
4,043,331 and 5,522,879. The process of
electrospinning generally involves the introduction of
a solution or liquid into an electric field, so that
the solution or liquid is caused to produce fibers.
These fibers are generally drawn to a conductor at an
attractive electrical potential for collection. During
the conversion of the solution or liquid into fibers,
the fibers harden and/or dry. This hardening and/or
drying may be caused by cooling of the liquid, i.e.,
where the liquid is normally a solid at room
temperature; by evaporation of a solvent, e.g., by
dehydration (physically induced hardening); or by a
curing mechanism (chemically induced hardening). The
process of electrostatic spinning has typically been
directed toward the use of the fibers to create a mat
or other non-woven material, as disclosed, for
example, in U.S. Pat. No. 4,043,331 . Nanofibers
ranging from 50 nm to 5mm in diameter can be
electrospun into a nonwoven or an aligned nanofiber
mesh. Due to the small fiberdiameters, electrospun
textiles inherently possess a very high surface area
and a small pore size. These properties make
electrospun fabrics potential candidates for a number
of applications including: membranes, tissue
scaffolding, and other biomedical applications.
Nanofibers can be used to modify the surface of a
substrate to achieve a desired surface characteristic.
Most nanofiber surfaces have to be engineered to
obtain the ability to immobilize biomolecules. Surface
modification of synthetic biomaterials, with the
intent to improve biocompatibility, has been
extensively studied, and many common techniques have
been considered for polymer nanofiber modification.
For example, Sanders et al in "Fibro-Porous Meshes
Made from Polyurethane Micro-Fibers: Effects of
Surface Charge on Tissue Response" Biomaterials 26,
813-8 18 (2005) introduced different surface charges
on electrospun polyurethane (PU) fiber surfaces
through plasma-induced surface polymerization of
negatively or positively charged monomers. The surface
charged PU fiber mesh was implanted in rat
subcutaneous dorsum for 5 weeks to evaluate tissue
compatibility, and it was found that negatively
charged surfaces may facilitate vessel ingrowth into
the fibroporous mesh biomaterials. Ma et al. in
"Surface Engineering of Electrospun Polyethylene
Terephthalate (PET) Nanofibers Towards Development of
aNew Material for Bloodvessel Engineering"
Biomaterials 26, 2527-2536 (2005) conjugated gelatin
onto formaldehyde pretreated polyethylene
terephthalate (PET) nanofibers through a grafted
polymethacrylic acid spacer and found that the gelatin
modification improved the spreading and proliferation
of endothelial cells (ECs) on the PET nanofibers, and
also preserved the EC's phenotype. Chua et al. in
"Stable Immobilization of Rat Hepatocyte Spheroids on
Galactosylated Nanofiber Scaffold" Biomaterials 26,
2537- 2547 (2005) introduced galactose ligand onto
poly(e-caprolactone-co-ethyl ethylene phosphate)
(PCLEEP) nanofiber scaffold via covalent conjugation
to a poly( acrylic acid) spacer UV-grafted onto the
fiber surface. Hepatocyte attachment, ammonia
metabolism, albumin secretion and cytochrome P450
enzymatic activity were investigated on the 3-D
galactosylated PCLEEP nanofiber scaffold as well as
the functional 2-D film substrate. SUMMARY The methods
and techniques summarized above are costly,
complicated, or material specific. Thus, there is a
need for a surface modification approach that is
moregeneral and easy to use and can be applied under
mild conditions to a wide variety of nanofibers.
According to one embodiment, the present invention is
a stimuli responsive nanofiber including a stimuli
responsive polymer. One example of a stimuli
responsive nanofiber is a thermally responsive
nanofiber including a thermally responsive polymer. In
either of these embodiments, the stimuli responsive
nanofiber may include a crosslinking agent having at
least two latent reactive activatable groups. In use,
photochemically, electrochemically or thermally latent
reactive groups will form covalent bonds when
subjected to a source of energy. Suitable energy
sources include radiation, electrical and thermal
energy. In some embodiments, the radiation energy is
visible, ultraviolet, infrared, x-ray or microwave
electromagnetic radiation. The cross-linking agent may
have at least two latent reactive activatable groups.
These latent reactive groups may be the same or may be
different. For example, all of the latent reactive
groups may be photochemically reactive groups.
Alternatively, in other embodiments of the invention
the cross-linking agent may include both
photochemically and thermally reactive groups.
Further, the cross-linking agent may be monomeric or
polymeric materials or may be a mixture of both
monomeric and polymeric materials. According to a
further embodiment of the present invention, the
thermally responsive polymer is
poly(isopropylacrylamide) as well as derivatives of
poly(isopropylacrylamide) such as graft copolymer
derivatives with polyethylene glycol derivatives.
According to another embodiment, the present invention
is a method of treating a surface of a substrate
including the steps of combining a stimuli responsive
polymer, such as a thermally responsive polymer, and a
cross-linking agent having at least two latent
reactive activatable groups; forming at least one
nanofiber from the combined mixture; contacting the
surface with the nanofiber; and forming a bond between
the nanofiber and the surface. According to another
embodiment, the present invention is a surface coating
for a surface of an article. The surface coating
includes a stimuli responsive nanofiber including a
nanofiber coated with a stimuli responsive polymer,
such as a thermally responsive polymer, and a
cross-linking agent having at least two latent
reactiveactivatable groups. Optionally, the coated
nanofiber or the coated surface may include a
biologically active material or, alternatively, a
functional polymer. According to yet another
embodiment, the present invention is an article
including a surface coating having a thermally
responsive nanofiber. According to a further
embodiment, the thermally responsive nanofiber
includes a thermally responsive polymer and a
cross-linking agent having at least two latent
reactive activatable groups. According to still yet
another embodiment, the present invention is a cell
culture device including a surface coating having a
thermally responsive nanofiber. The thermally
responsive nanofiber includes a thermally responsive
polymer, a cross-linking agent having at least two
latent reactive activatable groups, and a biologically
active material. According to other embodiments of the
present invention, the stimuli responsive nanofiber
may have a diameter ranging from 1 to 100 microns and
still other embodiments may have a diameter ranging
from 1 nm to 1000 nm. The stimuli responsive nanofiber
may have an aspect ratio in a range of about at least
10 to at least 100. According to yet a further
embodiment of the present invention, the thermally
responsive nanofiber has first physical property at a
first predetermined temperature range and a second
physical property at a second predetermined
temperature range. The 



thermally responsive nanofiber is capable of
transitioning from a first physical property to a
second physical property upon the application or
removal of heat to or from the system Various
modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while
the embodiments described above refer to particular
features, the scope of this invention also includes
embodiments having different combinations of features
and embodiments that do not include all of the
described features. Accordingly, the scope of the
present invention is intended to embrace all such
alternatives, modifications, and variations as fall
within the scope of the claims, together with all
equivalents thereof. DESCRIPTION OF THE DRAWINGS
Figure 1 is an electronic image of a polycaprolactone
nanofiber described in Example 1.Figure 2 is an
electronic image of a polyisopropylacrylamide
nanofiber described in Example 3. Figures 3 and 4
illustrate protein absorption profiles of
polyisopropylacrylamide coated polystyrene and
polyisopropylacrylamide nanofibers described in
Example 4. Figures 5 and 6 are electronic images of
cell lift up times from various surfaces described in
Example 5. Figure 7 is an electronic image of T47-D
cells cultured on nanofiber and flat surfaces. Figure
8 is an electronic image of replated BAEC cells.
DETAILED DESCRIPTION Stimuli responsive or "smart"
materials are materials that have one or more
properties that can be altered in a controlled fashion
by the application of external stimuli, such as
stress, temperature, moisture, pH, applied electric or
magnetic fields, ionic strength, or biomolecules such
as glucose or antigens. Representative stimuli
responsive materials and polymers as well as their
physical characteristic are reported by Gil et al,
"Stimuli-responsive polymers and their bioconjugates,"
Prog. Polym. ScL, 29, 1173-1222 (2004) which is
incorporated by reference herein. A thermally
responsive polymer is one example of these materials.
A thermally responsive material is a material in which
a physical property is altered in response to a change
in temperature in the surrounding environment or
system. A thermally responsive polymer may change from
a hydrophilic state to hydrophobic state when the
temperature of the system or its surroundings rises
above a lower critical solution temperature (LCST).
When in a hydrophilic state, the polymer chains become
swollen. Conversely, in a hydrophobic state, the
polymer chains collapse, and the polymer becomes
insoluble in water. In most cases, the process can be
reversible. One embodiment of the present invention is
directed to a thermally responsive nanofiber. The
thermally responsive nanofiber can be used to modify a
surface of a substrate to provide a functionalized
surface. More particularly, the thermally responsive
nanofiber can be used to provide a thermally
responsive surface on a substrate. The physical
property of the thermally responsive nanofiber
modified surface of the substratechanges in response
to a change in temperature in the system. Biologically
active materials can be immobilized on the nanofiber
modified surface by reacting with the functional
groups accessible or exposed on the surface of the
substrate. Typically, the biologically active
materials retain all or a portion of their bioactivity
after having been immobilized on the thermally
responsive nanofiber modified surface. The ability of
biologically active materials to bond with the surface
of the substrate can be affected depending on the
physical state of the modified surface. Thus, by
controlling the temperature of the modified surface,
the ability to bind to a biological material can be
controlled. According to one embodiment of the present
invention the thermally responsive nanofiber includes
a thermally responsive polymer, a biologically active
material, and a cross-linking agent having at least
two latent reactive activatable groups. The thermally
responsive nanofiber can be used to modify the surface
of a substrate by bonding the nanofiber to the surface
by the formation of a covalent bond between the
surface of the substrate and the nanofiber. At least
one of the latent reactive activatable groups
undergoes activation when subjected to a suitable
energy source to form a covalent bond between the
surface of the substrate and the thermally responsive
nanofiber. The remaining latent reactive group(s) are
left accessible or exposed on the surface of the
substrate. The biologically active material included
in the nanofiber or the accessible or exposed latent
reactive groups on the surface may be used for further
surface modification of the substrate. A number of
processing techniques such as drawing, template
synthesis, phase separation, self-assembly or
electrospinning have been used to prepare nanofibers.
For example, a thermally responsive nanofiber can be
formed by electrospinning a fiber-forming combination
that includes a thermally responsive polymer, a
biologically active material, and a cross-linking
agent having at least two latent reactive activatable
groups. Electrospinning generally involves the
introduction of a polymer or other fiberforming
solution or liquid into an electric field, so that the
solution or liquid is caused to produce fibers. When a
strong electrostatic field is applied to a
fiber-forming combination held in a syringe with a
capillary outlet, a pendant droplet of the
fiber-forming mixture from the capillary outlet is
deformed into a Taylor cone. When the voltage
surpasses a threshold value, the electric forces
overcome the surface tension on the droplet, and
acharged jet of the solution or liquid is ejected from
the tip of the Taylor cone. The ejected jet then moves
toward a collecting metal screen that acts as a
counterelectrode having a lower electrical potential.
The jet is split into small charged fibers or fibrils
and any solvent present evaporates leaving behind a
nonwoven fabric mat formed on the screen. In one
embodiment, electrostatically spun fibers can be
produced having very thin diameters. Parameters that
influence the diameter, consistency, and uniformity of
the electrospun fibers include the thermally
responsive polymer, the molecular weight of the
polymer; the cross-linker concentration (loading) in
the fiber-forming mixture, the flow rate of the
polymer solution, the applied voltage, and the needle
collector distance. According to one embodiment of the
present invention, a stimuli responsive nanofiber has
a diameter ranging from about 1 nm to about 100 mm. In
other embodiments, the stimuli responsive nanofiber
has a diameter in a range of about 1 nm to about 1000
nm. Further, the nanofiber may have an aspect ratio in
a range of about at least 10 to about at least 100. It
will be appreciated that, because of the very small
diameter of the fibers, the fibers have a high surface
area per unit of mass. This high surface area to mass
ratio permits fiberforming material solutions to be
transformed from solvated fiber-forming materials to
solid nanofibers in fractions of a second. The stimuli
responsive polymer used to form the nanofiber may be
selected from any stimuli responsive, fiber-forming
material that is compatible with the cross-linking
agent. In one embodiment, a selected thermally
responsive polymer should be capable of undergoing a
rapid change from a first physical property to a
second physical property when the temperature of the
system has risen above a lower critical solution
temperature. Exemplary thermally responsive, fiber
forming polymers include, but are not limited to,
poly(isopropylacrylamide) and mixtures and copolymers
thereof. Other thermally responsive polymers include
random copolymers of 2-(2-methoxyethoxy)ethyl
methacrylate and oligo(ethylene glycol) methacrylate.
According to one embodiment of the present invention,
the thermally responsive polymer is
poly(isopropylacrylamide). Poly(isopropylacrylamide)
changes from a primarily hydrophobic state to a
primarily hydrophilic state upon reaching a lower
critical solution temperature of approximately 20 to
32C. Poly-N-isopropylacrylamide (PIPAAm) has been one
of the most studied thermo-responsive polymer not only
because it displays a low critical solution
temperature (LCST) of around 32C, close to
bodytemperature, but also because its LCST is
relatively insensitive to environmental conditions.
Slight variations of pH, concentration or chemical
environment affect the LCST by only a few degrees. The
main mechanism of PIPAAm's aqueous phase separation is
the thermally induced release of water molecules bound
to polymer isopropyl side groups, resulting in intra-
and intermolecular hydrophobic interactions between
isopropyl groups above the LCST. The inclusion of
cross-linking agents within the composition forming
the 



thermally responsive nanofiber, allows the thermally
responsive nanofiber to be compatible with a wide
range of support surfaces. The latent reactive
cross-linking agents can be used alone or in
combination with other materials to provide a desired
surface characteristic. Suitable cross-linking agents
include either monomeric (small molecule materials) or
polymeric materials having at least two latent
reactive activatable groups that are capable of
forming covalent bonds with other materials when
subjected to a source of energy such as radiation,
electrical or thermal energy. In general, latent
reactive activatable groups are chemical entities that
respond to specific applied external energy or stimuli
to generate active species with resultant covalent
bonding to an adjacent chemical structure. Latent
reactive groups are those groups that retain their
covalent bonds under storage conditions but that form
covalent bonds with other molecules upon activation by
an external energy source. In some embodiments, latent
reactive groups form active species such as free
radicals. These free radicals may include nitrenes,
carbine or excited states of ketones upon absorption
of externally applied electric, electromagnetic or
thermal energy. Various examples of known latent
reactive groups are reported in United States patents
4,973,493; 5,258,041 ; 5,563,056; 5,637,460; or
6,278,01 8. Eight commercially available
multifunctional photocrosslinkers based on
trichloromethyl triazine are available either from
Aldrich Chemicals, Produits Chimiques Auxiliaires et
de Syntheses, (Longjumeau, France), Shin-Nakamara
Chemical, Midori Chemicals Co., Ltd. or Panchim S.A.
(France). The eight compounds include 2,4,6-
tris(trichloromethyl)-l,3,5 triazine,
2-(methyl)-4,6-bis(trichloromethyl)-l,3,5-triazine, 2-
(4-methoxynaphthyl)-4,6-bis(trichloromethyl)-l
,3,5-triazine, 2-(4-ethoxynaphthyl)-4,6-
bis(trichloromethyl)-l ,3,5-triazine,
4-(4-carboxylphenyl)-2,6-bis(trichloromethyl)-l ,3,5-
triazine,
2-(4-methoxyphenyl)-4,6-bis(trichloromethyl)-l,3,5-tri
azine,
2-(l-ethen-2-2'-furyl)-4,6-bis(trichloromethyl)-
1,3,5-triazine and 2-(4-methoxystyryl)-4,6-
bis(trichloromethyl)- 1,3,5-triazine. In some
embodiments, the latent reactive groups are the same,
while in other embodiments the latent reactive groups
may be different. For example, the latent reactive
groups may be two different groups that are both
activated by radiation. In other embodiments one
latent reactive group may by activated by radiation
while another latent reactive group may be activated
by heat. Suitable cross-linking agents include bi-,
triand multi-functional monomeric and polymeric
materials. Latent reactive groups that are reactive to
thermal or heat energy include a variety of reactive
moieties and may include known compounds that
decompose thermally to form reactive species that will
then form covalent bonds. The covalent bonds allow the
cross-linking to bind to adjacent materials. Suitable
thermally-reactive groups typically have a pair of
atoms having a heat sensitive or labile bond. Heat
labile bonds include oxygen-oxygen bonds such as
peroxide bonds, nitrogen-oxygen bonds , and
nitrogennitrogen bonds. Such bonds will react or
decompose at temperatures in a range of not more than
80 - 2000C. Both thermally generated carbenes and
nitrenes undergo a variety of chemical reactions,
including carbon bond insertion, migration, hydrogen
abstraction, and dimerization. Examples of carbene
generators include diazirines and diazo-compounds.
Examples of nitrene generators include aryl azides,
particularly perfluorinated aryl azides, acyl azides,
and triazolium ylides. In addition, groups that upon
heating form reactive triplet states, such as
dioxetanes, or radical anions and radical cations may
also be used to form the thermally-reactive group. In
one embodiment the thermally-reactive group of the
cross-linking agent includes a peroxide --(0--O)--
group. Thermally-reactive peroxide-containing groups
include, for example, thermally-reactive diacyl
peroxide groups, thermally-reactive peroxydicarbonate
groups, thermally-reactive dialkylperoxide groups,
thermally-reactive peroxyester groups,
thermally-reactive peroxyketal groups, and
thermally-reactive dioxetane groups. Dioxetanes are
four-membered cyclic peroxides that react or decompose
at lower temperatures compared to standard peroxides
due to the ring strain of the molecules. The initial
step in the decomposition of dioxetanes is cleavage of
the 0-0 bond, the secondstep breaks the C--C bond
creating one carbonyl in the excited triplet state,
and one in an excited singlet state. The excited
triplet state carbonyl can extract a hydrogen from an
adjacent material, forming two radical species, one on
the adjacent material and one on the carbon of the
carbonyl with the oxygen and will form a new covalent
bond between the thermally reactive dioxetane and the
adjacent material. Representative thermally reactive
moieties are reported in US 20060030669 and other
representative thermal latent reactive groups are
reported in US 5,258,041 . Both of these documents are
hereby incorporated by reference. Latent reactive
groups that are reactive to electromagnetic radiation,
such as ultraviolet or visible radiation, are
typically referred to as photochemical reactive
groups. The use of latent reactive activatable species
in the form of latent reactive activatable aryl
ketones is useful. Exemplary latent reactive
activatable aryl ketones include acetophenone,
benzophenone, anthraquinone, anthrone, anthrone-like
heterocycles (i.e., heterocyclic analogs of anthrone
such as those having N, O, or S in the 10-position),
and their substituted (e.g., ring substituted)
derivatives. Examples of aryl ketones include
heterocyclic derivatives of anthrone, including
acridone, xanthone, and thioxanthone, and their ring
substituted derivatives. In particular, thioxanthone,
and its derivatives, having excitation energies
greater than about 360 nm are useful. The functional
groups of such ketones are suitable since they are
readily capable of undergoing an
activation/inactivation/reactivation cycle.
Benzophenone is an exemplary photochemically reactive
activatable group, since it is capable of
photochemical excitation with the initial formation of
an excited singlet state that undergoes intersystem
crossing to the triplet state. The excited triplet
state can insert into carbon-hydrogen bonds by
abstraction of a hydrogen atom (from a support
surface, for example), thus creating a radical pair.
Subsequent collapse of the radical pair leads to
formation of a new carbon-carbon bond. If a reactive
bond (e.g., carbon-hydrogen) is not available for
bonding, the ultraviolet light-induced excitation of
the benzophenone group is reversible and the molecule
returns to ground state energy level upon removal of
the energy source. Photochemically reactive
activatable aryl ketones such as benzophenone and
acetophenone are of particular importance inasmuch as
these groups are subject to multiple reactivation in
water and hence provide increased coating
efficiency.In some embodiments of the invention,
photochemically reactive cross-linking agents may be
derived from three different types of molecular
families. Some families include one or more
hydrophilic portions, i.e., a hydroxyl group (that may
be protected), amines, alkoxy groups, etc. Other
families may include hydrophobic and amphiphilic
portions. In one embodiment, the family has the
formula: L-((D-T-C(R 1)(XP)CHR2GR3C(=O)R4))m. L is a
linking group. D is O, S, SO, SO2, NR5 or CR6R7. T is
(-CH 2-)X, (-CH2CH2-O-X (-CH2CH2CH2-O-)Xor
(-CH2CH2CH2CH2-O-)X. R1 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl
group. X is O, S, OrNR8R9. P is a hydrogen atom or a
protecting group, with the proviso that P is absent
when X is NR8R9. R2 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxylalkyl or aryloxyaryl
group. G is O, S, SO, SO2, NR10 , (CH2X-O- or C=O. R3
and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or a heteroarylalkyl group or
when R3 and R4 are tethered together via (-CH 2-)q,
(-CH 2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s, (-CH
2-)rS=O(- CH2-)S, (-CH 2-)rS(O)2(-CH 2-)s, or (-CH
2-)rNR(-CH 2-)s. R5 and R10 are each independently a
hydrogen atom or an alkyl, aryl, or arylalkyl group.
R6 and R7 are each independently a hydrogen atom, an
alkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl
group. R8 and R9 are each independently a hydrogen
atom, an alkyl, aryl, or arylalkyl group, R is a
hydrogen atom, an alkyl group or an aryl group, q is
an integer from 1 to about 7, r is an integer from Oto
about 3, s is an integer from Oto about 3, m is an
integer from 2 to about 10, t is an integer from 1 to
about 10 and x is an integer from 1 to about 500. In
one embodiment, L is a branched or unbranched alkyl
chain having between about 2 and about 10 carbon
atoms. 



In another embodiment, D is an oxygen atom (O). In
still another embodiment, T is (-CH 2-)Xor
(-CH2CH2-O-)Xand x is 1 or 2. In still yet another
embodiment, R1 is a hydrogen atom. In yet another
embodiment, X is an oxygen atom, O, and P is a
hydrogen atom. In another embodiment, R2 is a hydrogen
atom. In still another embodiment, G is an oxygen
atom, O.In still yet another embodiment, R3 and R4 are
each individually aryl groups, which can be further
substituted, and m is 3. In one particular embodiment,
L is , D is O, T is (-CH 2-)X, R1 is a hydrogen atom,
X is O, P is a hydrogen atom, R2 is a hydrogen atom, G
is O, R3 and R4 are phenyl groups, m is 3 and x is 1.
In yet another particular embodiment, L is (-CH2-)y, D
is O, T is (-CH2-)X, R1 is a hydrogen atom, X is O, P
is a hydrogen atom, R2 is a hydrogen atom, G is O, R3
and R4 are phenyl groups, m is 2, x is 1 and y is an
integer from 2 to about 6, and in particular, y is 2,
4 or 6. In certain embodiments, x is an integer from
about 1 to about 500, more particularly from about 1
to about 400, from about 1 to about 250, from about 1
to about 200, from about 1 to about 150, from about 1
to about 100, from about 1 to about 50, from about 1
to about 25 or from about 1 to about 10. In another
embodiment, the family has the formula: L-((T-C(R
1)(XP)CHR 2GR3C(=O)R4))m and L, T, R1, X, P, R2, G,
R3, R4, R8, R9, R10, R, q, r, s, m, t and x are as
defined above. In one embodiment, L has a formula
according to structure (I): A and J are each
independently a hydrogen atom, an alkyl group, an aryl
group, or together with B form a cyclic ring, provided
when A and J are each independently a hydrogen atom,
an alkyl group, or an aryl group then B is not
present, B is NR11, O, or (- CH2-)Z, provided when A,
B and J form a ring, then A and J are (-CH2-)Zor C=O,
R11 is a hydrogen atom, an alkyl group, an aryl group
or denotes a bond with T, each z independently is an
integer from 0 to 3 and provided when either A or J is
C=O, then B is NR11, O, or (-CH2-)Zand z must be at
least 1. In another embodiment, T is -CH 2- .In
another embodiment, the family has the formula:
L-((GTZR3C(=O)R4))m and L, T, G, R3, R4, R10 , R, q,
r, s, m, t and x are as defined above. Z can be a C=O
,COO or CONH when T is (-CH 2-)X. In one embodiment, L
has a formula according to structure (I): and A, B, J,
R11 , and z are as defined above. In another
embodiment, L has a formula according to structure
(II): R12, R13 , R14 , R15 , R16, R17 are each
independently a hydrogen atom, an alkyl or aryl group
or denotes a bond with T, provided at least two of
R12, R13 , R14 , R15 , R16, R17 are bonded with T and
each K, independently is CH or N. In another
embodiment, the family has the formula:
L-((TGQR3C(=O)R4))m L, G, R3, R4, R10 , R, q, r, s, m,
t and x are as defined above. T is (-CH 2-)X,
(-CH2CH2-O- )x (-CH2CH2CH2-O- , (-CH2CH2CH2CH2-O- or
forms a bond. Q is (-CH 2-)P, (- CH2CH2-O-)P
(-CH2CH2CH2-O-)p or (-CH2CH2CH2CH2-O-)P and p is an
integer from 1 to about 10. In one embodiment, L has a
formula according to structure (I): > N N> (I) A, B,
J, R11, and z are as defined above.In another
embodiment, L has a formula according to structure
(II): NR12R13 16R17RN K NR14R15 (II). R12, R13 , R14 ,
R15 , R16, R17 are each independently a hydrogen atom,
an alkyl or aryl group or denotes a bond with T,
provided at least two of R12, R13 , R14 , R15 , R16,
R17 are bonded with T and each K, independently is CH
or N. In still yet another embodiment, compounds of
the present invention provide that R3 and R4 are both
phenyl groups and are tethered together via a CO, a S
or a CH2. In yet another embodiment, compounds of the
present invention provide when R3 and R4 are phenyl
groups, the phenyl groups can each independently be
substituted with at least one alkyloxyalkyl group,
such as CH3O-(CH2CH2O )n-, or CH3O(-CH2CH2CH2O- )n-a
hydroxylated alkoxy group, such as HO-CH2CH2O-,
HO(-CH2CH2O-)n - or H0(- CH2CH2CH2O-)n-, etc. wherein
n is an integer from 1 to about 10. In another
embodiment the family has the formula:
L-(((-CH2-)xxC(R1)((G)R3C(=O)R4)2)m. L, each R, R1,
each G, each R3, each R4, each R10, each q, each r,
each s, each t and m are as defined above and xx is an
integer from 1 to about 10. In one embodiment, L has a
formula according to structure (I): A, B, J, R11, and
z are as defined above. In another embodiment, A and B
are both hydrogen atoms. In still another embodiment,
xx is 1. In yet another embodiment, R1 is H. In still
yet another embodiment, G is (-CH2-)tO- and t is 1. In
another embodiment, R3 and R4 are each individually
aryl groups.In still yet another embodiment, xx is 1,
R1 is H, each G is (-CH2-)tO-, t is 1 and each of R3
and R4 are each individually aryl groups. In another
embodiment of the invention, the family has the
formula: L-((-C(R1)(XP)CHR2GR3C(=O)R4)m L, R, R1, R2,
R3, R4, R8, R9, R10 , X, P, G, q, r, s, t, and m are
as defined above. In one embodiment, L is and R20 and
R2 1 are each individually a hydrogen atom, an alkyl
group or an aryl group. In another embodiment, R1 is
H. In still another embodiment, wherein X is O. In yet
another embodiment, P is H. In still yet another
embodiment, R2 is H. In another embodiment, G is
(-CH2-)tO- and t is 1. In still another embodiment, R3
and R4 are each individually aryl groups. In yet
another embodiment, R1 is H, X is O, P is H, R2 is H,
G is (-CH2-)tO-, t is 1, R3 and R4 are each
individually aryl groups and R20 and R2 1 are both
methyl groups. In yet another embodiment, the present
invention provides a family of compounds having the
formula: L-((GR3C(=O)R4))m L is a linking group; G is
O, S, SO, SO2, NR10, (CH2)t-O- or C=O; R3 and R4 are
each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or when R3 and
R4 are tethered together via (-CH 2-)q, (-CH
2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s, (-
CH2-)rS=O(-CH 2-)s or (-CH 2-)rS(O)2(-CH 2-)s, (-CH
2-)rNR(-CH 2-)s; R10 is a hydrogen atom or an alkyl,
aryl, or an arylalkyl group; R is a hydrogen atom, an
alkyl or an aryl group; q is an integer from 1 to
about 7; r is an integer from Oto about 3; s is an
integerfrom 0 to about 3; m is an integer from 2 to
about 10; and t is an integer from 1 to about 10. In
one embodiment, L is In another embodiment, G is C=O.
In still another embodiment, R3 and R4 are each
individually aryl groups. In yet another embodiment, G
is C=O and R3 and R4 are each individually aryl
groups. "Alkyi" by itself or as part of another
substituent refers to a saturated or unsaturated
branched, straight-chain or cyclic monovalent
hydrocarbon radical having the stated number of carbon
atoms (i.e., C1-C6 means one to six carbon atoms) that
is derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkane, alkene or
alkyne. Typical alkyl groups include, but are not
limited to, methyl; ethyls such as ethanyl, ethenyl,
ethynyl; propyls such as propan-1-yl, propan-2-yl,
cyclopropan-1-yl, prop-1-en-l-yl, prop-l-en-2-yl,
prop-2-en-l-yl, cycloprop-1-en-l-yl;
cycloprop-2-en-l-yl, prop- 1-yn- 1-yl , prop-2-yn-
1-yl, etc. ; butyls such as butan- 1-yl, butan-2-yl,
2-methyl-propan-l-yl, 2-methyl-propan-2-yl,
cyclobutan-1-yl, but-1-en-l-yl, 



but-l-en-2-yl, 2-methyl-prop-l-en-l-yl, but-2-en-l-yl
, but-2-en-2-yl, buta-l,3-dien-l-yl,
buta-l,3-dien-2-yl, cyclobut-1-en-l-yl,
cyclobut-l-en-3-yl, cyclobuta-l,3-dien-l-yl,
but-1-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc.; and
the like. Where specific levels of saturation are
intended, the nomenclature "alkanyl," "alkenyl" and/or
"alkynyl" is used, as defined below. "Lower alkyl"
refers to alkyl groups having from 1 to 6 carbon
atoms. "Alkanyl " by itself or as part of another
substituent refers to a saturated branched,
straight-chain or cyclic alkyl derived by the removal
of one hydrogen atom from a single carbon atom of a
parent alkane. Typical alkanyl groups include, but are
not limited to, methanyl; ethanyl; propanyls such as
propan-1-yl, propan-2-yl (isopropyl),
cyclopropan-1-yl, etc.; butanyls such as butan- 1-yl,
butan-2-yl (sec-butyl), 2-methyl-propan-l-yl
(isobutyl), 2-methyl-propan-2-yl (7-butyl),
cyclobutan-1-yl, etc.; and the like."Alkenyl " by
itself or as part of another substituent refers to an
unsaturated branched, straight-chain or cyclic alkyl
having at least one carbon-carbon double bond derived
by the removal of one hydrogen atom from a single
carbon atom of a parent alkene. The group may be in
either the cis or trans conformation about the double
bond(s). Typical alkenyl groups include, but are not
limited to, ethenyl; propenyls such as prop-1-en-l-yl,
prop-l-en-2-yl, prop-2-en-l-yl, prop-2-en-2-yl,
cycloprop-1-en-l-yl; cycloprop-2-en-l-yl ; butenyls
such as but-1-en-l-yl, but-l-en-2-yl,
2-methyl-prop-l-en-l-yl, but-2-en-l-yl, but-2-en-2-yl,
buta-l,3-dien-l-yl, buta-l,3-dien-2-yl,
cyclobut-1-en-l-yl, cyclobut-l-en-3-yl,
cyclobuta-l,3-dien-l-yl, etc.; and the like.
"Alkyloxyalkyl " refers to a moiety having two alkyl
groups tethered together via an oxygen bond. Suitable
alkyloxyalkyl groups include polyoxyalkylenes, such as
polyethyleneoxides, polypropyleneoxides, etc. that are
terminated with an alkyl group, such as a methyl
group. A general formula for such compounds can be
depicted as R'- (OR' ')n or (RO) n-R' ' wherein n is
an integer from 1 to about 10, and R' and R' ' are
alkyl or alkylene groups. "Alkynyl" by itself or as
part of another substituent refers to an unsaturated
branched, straight-chain or cyclic alkyl having at
least one carbon-carbon triple bond derived by the
removal of one hydrogen atom from a single carbon atom
of a parent alkyne. Typical alkynyl groups include,
but are not limited to, ethynyl; propynyls such as
prop-1-yn-l-yl, prop-2-yn-l-yl, etc.; butynyls such as
but-1-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc.; and
the like. "Alkyldiyl " by itself or as part of another
substituent refers to a saturated or unsaturated,
branched, straight-chain or cyclic divalent
hydrocarbon group having the stated number of carbon
atoms (i.e., C1-C6 means from one to six carbon atoms)
derived by the removal of one hydrogen atom from each
of two different carbon atoms of a parent alkane,
alkene or alkyne, or by the removal of two hydrogen
atoms from a single carbon atom of a parent alkane,
alkene or alkyne. The two monovalent radical centers
or each valency of the divalent radical center can
form bonds with the same or different atoms. Typical
alkyldiyl groups include, but are not limited to,
methandiyl; ethyldiyls such as ethan-l,l-diyl,
ethan-l,2-diyl, ethen-l,l-diyl, ethen-l,2-diyl;
propyldiyls such as propan-l,l-diyl, propan-l,2-diyl,
propan-2,2-diyl, propan-l,3-diyl,
cyclopropan-l,l-diyl,cyclopropan- 1,2-diyl, prop-
1-en- 1,1-diyl, prop- 1-en- 1,2-diyl, prop-2-en-
1,2-diyl, prop- 1-en- 1,3-diyl, cycloprop- 1-en-
1,2-diyl, cycloprop-2-en- 1,2-diyl, cycloprop-2-en-
1,1 -diyl, prop-l-yn-l,3-diyl, etc.; butyldiyls such
as, butan- 1,1 -diyl, butan-l,2-diyl, butan- 1,3
-diyl, butan- 1,4-diyl, butan-2,2-diyl,
2-methyl-propan- 1,1 -diyl, 2-methyl-propan- 1,2-diyl,
cyclobutan- 1,1-diyl; cyclobutan- 1,2-diyl,
cyclobutan- 1,3-diyl, but- 1-en- 1,1-diyl, but- 1-en-
1,2-diyl, but- 1-en- 1,3-diyl, but- 1-en- 1,4-diyl,
2-methyl-prop- 1-en- 1,1-diyl, 2-methanylidene-propan-
1,1-diyl, buta- 1,3-dien- 1,1-diyl, buta- 1,3-dien-
1,2-diyl, buta- 1,3-dien- 1,3-diyl, buta- 1,3-dien-
1,4-diyl, cyclobut- 1-en- 1,2-diyl, cyclobut- 1-en-
1,3-diyl, cyclobut-2-en- 1,2-diyl,
cyclobuta-l,3-dien-l,2-diyl,
cyclobuta-l,3-dien-l,3-diyl, but-l-yn-l,3-diyl, but-
1-yn- 1,4-diyl, buta- 1,3-diyn- 1,4-diyl, etc.; and
the like. Where specific levels of saturation are
intended, the nomenclature alkanyldiyl, alkenyldiyl
and/or alkynyldiyl is used. Where it is specifically
intended that the two valencies be on the same carbon
atom, the nomenclature "alkylidene" is used. A "lower
alkyldiyl" is an alkyldiyl group having from 1 to 6
carbon atoms. In some embodiments the alkyldiyl groups
are saturated acyclic alkanyldiyl groups in which the
radical centers are at the terminal carbons, e.g.,
methandiyl (methano); ethan-l,2-diyl (ethano); propan-
1,3 -diyl (propano); butan- 1,4-diyl (butano); and the
like (also referred to as alkylenes, defined infra).
"Alkylene " by itself or as part of another
substituent refers to a straight-chain saturated or
unsaturated alkyldiyl group having two terminal
monovalent radical centers derived by the removal of
one hydrogen atom from each of the two terminal carbon
atoms of straight-chain parent alkane, alkene or
alkyne. The location of a double bond or triple bond,
if present, in a particular alkylene is indicated in
square brackets. Typical alkylene groups include, but
are not limited to, methylene (methano); ethylenes
such as ethano, etheno, ethyno; propylenes such as
propano, prop[l]eno, propa[l,2]dieno, prop[l]yno,
etc.; butylenes such as butano, but[l]eno, but[2]eno,
buta[l,3]dieno, but[l]yno, but[2]yno, buta[l,3]diyno,
etc.; and the like. Where specific levels of
saturation are intended, the nomenclature alkano,
alkeno and/or alkyno is used. In some embodiments, the
alkylene group is (C1-C6) or (C1-C3) alkylene. Other
embodiments include straight-chain saturated alkano
groups, e.g., methano, ethano, propano, butano, and
the like."Aryl" by itself or as part of another
substituent refers to a monovalent aromatic
hydrocarbon group having the stated number of carbon
atoms (i.e., C5-C15 means from 5 to 15 carbon atoms)
derived by the removal of one hydrogen atom from a
single carbon atom of a parent aromatic ring system.
Typical aryl groups include, but are not limited to,
groups derived from aceanthrylene, acenaphthylene,
acephenanthrylene, anthracene, azulene, benzene,
chrysene, coronene, fluoranthene, fluorene, hexacene,
hexaphene, hexalene, as-indacene, s-indacene, indane,
indene, naphthalene, octacene, octaphene, octalene,
ovalene, penta-2,4-diene, pentacene, pentalene,
pentaphene, perylene, phenalene, phenanthrene, picene,
pleiadene, pyrene, pyranthrene, rubicene,
triphenylene, trinaphthalene, and the like, as well as
the various hydro isomers thereof. In some
embodiments, the aryl group is (C5-Ci 5) aryl or,
alternatively, (C5-Ci0) aryl. Other embodiments
include phenyl and naphthyl. "Arylalkyl " by itself or
as part of another substituent refers to an acyclic
alkyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp
carbon atom, is replaced with an aryl group. Typical
arylalkyl groups include, but are not limited to,
benzyl, 2-phenylethan-l-yl, 2-phenylethen-l-yl,
naphthylmethyl, 2-naphthylethan- 1-yl,
2-naphthylethen-l-yl, naphthobenzyl,
2-naphthophenylethan-l-yl and the like. Where specific
alkyl moieties are intended, the nomenclature
arylalkanyl, arylalkenyl and/or arylalkynyl is used.
In some embodiments, the arylalkyl group is (C7-C30)
arylalkyl, e.g., the alkanyl, alkenyl or alkynyl
moiety of the arylalkyl group is (Ci-Ci 0) and the
aryl moiety is (C6-C20) or, alternatively, an
arylalkyl group is (C7-C20) arylalkyl, e.g., the
alkanyl, alkenyl or alkynyl moiety of the arylalkyl
group is (C1-C8) and the aryl moiety is (C6-Ci2) .
"Aryloxyalkyl " refers to a moiety having an aryl
group and an alkyl group tethered together via an
oxygen bond. Suitable aryloxyalkyl groups include
phenyloxyalkylenes, such as methoxyphenyl or
ethoxyphenyl. "Cycloalkyl" by itself or as part of
another substituent refers to a cyclic version of an
"alkyl" group. Typical cycloalkyl groups include, but
are not limited to, cyclopropyl; cyclobutyls such as
cyclobutanyl and cyclobutenyl; cyclopentyls such as
cyclopentanyl and cycloalkenyl; cyclohexyls such as
cyclohexanyl and cyclohexenyl; and the like.
"Cycloheteroalkyl " by itself or as part of another
substituent refers to a saturated or unsaturated
cyclic alkyl radical in which one or more carbon atoms
(and any associatedhydrogen atoms) are independently
replaced with the same or different heteroatom.
Typical heteroatoms to replace the carbon atom(s)
include, but are not limited to, N, P, O, S or Si.
Where a specific level of saturation is intended, the
nomenclature "cycloheteroalkanyl" or
"cycloheteroalkenyl" is used. Typical cycloheteroalkyl
groups include, but are not limited to, groups derived
from epoxides, imidazolidine, morpholine, piperazine,
piperidine, pyrazolidine, pyrrolidine, quinuclidine,
and the like. 



"Halogen " or "Halo " by themselves or as part of
another substituent, unless otherwise stated, refer to
fluoro, chloro, bromo and iodo. "Haloalkyl " by itself
or as part of another substituent refers to an alkyl
group in which one or more of the hydrogen atoms are
replaced with a halogen. Thus, the term "haloalkyl" is
meant to include monohaloalkyls, dihaloalkyls,
trihaloalkyls, etc. up to perhaloalkyls. For example,
the expression "(C1-C2) haloalkyl" includes
fluoromethyl, difluoromethyl, trifluoromethyl,
1-fluoroethyl, 1,1-difluoroethyl, 1,2-difluoroethyl,
1,1,1 -trifluoroethyl or perfluoroethyl. "Heteroalkyl,
Heteroalkanyl, HeteroalkenyL Heteroalkynyl " by itself
or as part of another substituent refer to alkyl,
alkanyl, alkenyl and alkynyl radical, respectively, in
which one or more of the carbon atoms (and any
associated hydrogen atoms) are each independently
replaced with the same or different heteroatomic
groups. Typical heteroatomic groups include, but are
not limited to, -O-, -S-, -O-O-, -S-S-, -O-S-, -NR'-,
=N-N=, -N=N-, -N=N-NR'-, -PH-, -P(O)2-, -0-P(O) 2-,
-S(O)-, -S(O)2-, -SnH2- and the like, where R' is
hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, aryl or substituted aryl.
"Heteroaryi" by itself or as part of another
substituent, refers to a monovalent heteroaromatic
radical derived by the removal of one hydrogen atom
from a single atom of a parent heteroaromatic ring
system. Typical heteroaryi groups include, but are not
limited to, groups derived from acridine, arsindole,
carbazole, b-carboline, benzoxazine, benzimidazole,
chromane, chromene, cinnoline, furan, imidazole,
indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquinoline,
isothiazole, isoxazole, naphthyridine, oxadiazole,
oxazole, perimidine, phenanthridine, phenanthroline,
phenazine, phthalazine, pteridine, purine, pyran,
pyrazine, pyrazole, pyridazine, pyridine, pyrimidine,
pyrrole, pyrrolizine, quinazoline, quinoline,
quinolizine, quinoxaline, tetrazole, thiadiazole,
thiazole, thiophene, triazole, xanthene, and the
like.The heteroaryl group may be from 5-20 membered
heteroaryl or, alternatively, from 5-10 membered
heteroaryl. In some embodiments, the heteroaryl groups
are those derived from thiophene, pyrrole,
benzothiophene, benzofuran, indole, pyridine,
quinoline, imidazole, oxazole and pyrazine.
"Heteroarylalkyl " by itself or as part of another
substituent refers to an acyclic alkyl group in which
one of the hydrogen atoms bonded to a carbon atom,
typically a terminal or sp3 carbon atom, is replaced
with a heteroaryl group. Where specific alkyl moieties
are intended, the nomenclature heteroarylalkanyl,
heteroarylakenyl and/or heteroarylalkynyl is used. In
some embodiments, the heteroarylalkyl group is a 6-21
membered heteroarylalkyl, e.g., the alkanyl, alkenyl
or alkynyl moiety of the heteroarylalkyl is (Ci-C6)
alkyl and the heteroaryl moiety is a 5-15-membered
heteroaryl. In other embodiments, the heteroarylalkyl
is a 6-13 membered heteroarylalkyl, e.g., the alkanyl,
alkenyl or alkynyl moiety is (C1-C3) alkyl and the
heteroaryl moiety is a 5-10 membered heteroaryl.
"Hydroxyalkyl " by itself or as part of another
substituent refers to an alkyl group in which one or
more of the hydrogen atoms are replaced with a
hydroxyl substituent. Thus, the term "hydroxyalkyl" is
meant to include monohydroxyalkyls, dihydroxyalkyls or
trihydroxyalkyls. "Parent Aromatic Ring System" refers
to an unsaturated cyclic or polycyclic ring system
having a conjugated p electron system. Specifically
included within the definition of "parent aromatic
ring system" are fused ring systems in which one or
more of the rings are aromatic and one or more of the
rings are saturated or unsaturated, such as, for
example, fluorene, indane, indene, phenalene,
tetrahydronaphthalene, etc. Typical parent aromatic
ring systems include, but are not limited to,
aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, coronene,
fluoranthene, fluorene, hexacene, hexaphene, hexalene,
indacene, s-indacene, indane, indene, naphthalene,
octacene, octaphene, octalene, ovalene,
penta-2,4-diene, pentacene, pentalene, pentaphene,
perylene, phenalene, phenanthrene, picene, pleiadene,
pyrene, pyranthrene, rubicene, tetrahydronaphthalene,
triphenylene, trinaphthalene, and the like, as well as
the various hydro isomers thereof. "Parent
Heteroaromatic Ring System" refers to a parent
aromatic ring system in which one or more carbon atoms
(and any associated hydrogen atoms) are
independentlyreplaced with the same or different
heteroatom. Typical heteroatoms to replace the carbon
atoms include, but are not limited to, N, P, O, S, Si,
etc. Specifically included within the definition of
"parent heteroaromatic ring systems" are fused ring
systems in which one or more of the rings are aromatic
and one or more of the rings are saturated or
unsaturated, such as, for example, arsindole,
benzodioxan, benzofuran, chromane, chromene, indole,
indoline, xanthene, etc. Typical parent heteroaromatic
ring systems include, but are not limited to,
arsindole, carbazole, b-carboline, chromane, chromene,
cinnoline, furan, imidazole, indazole, indole,
indoline, indolizine, isobenzofuran, isochromene,
isoindole, isoindoline, isoquinoline, isothiazole,
isoxazole, naphthyridine, oxadiazole, oxazole,
perimidine, phenanthridine, phenanthroline, phenazine,
phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine,
quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene, triazole, xanthene, and the like. "Leaving
group" is a group that is displaced during a reaction
by a nucleophilic reagent. Suitable leaving groups
include S(O)2Me, -SMe or halo (e.g., F, Cl, Br, I).
"Linking group" is a group that serves as an
intermediate locus between two or more end groups. The
nature of the linking group can vary widely, and can
include virtually any combination of atoms or groups
useful for spacing one molecular moiety from another.
For example, the linker may be an acyclic hydrocarbon
bridge {e.g., a saturated or unsaturated alkyleno such
as methano, ethano, etheno, propano, prop[l]eno,
butano, but[l]eno, but[2]eno, buta[l,3]dieno, and the
like), a monocyclic or polycyclic hydrocarbon bridge
{e.g., [l,2]benzeno, [2,3]naphthaleno, and the like),
a simple acyclic heteroatomic or heteroalkyldiyl
bridge {e.g., -O-, -S-, -S-O-, -NH-, -PH-, -C(O)-,
-C(O)NH-, -S(O)-, -S(O)2-, -S(O)NH-, -S(O)2NH-, -0-CH
2-, -CH2-O-CH2-, -0-CH=CH-CH 2-, and the like), a
monocyclic or polycyclic heteroaryl bridge {e.g.,
[3,4]furano, pyridino, thiopheno, piperidino,
piperazino, pyrazidino, pyrrolidino, and the like) or
combinations of such bridges. "Protecting group" is a
group that is appended to, for example, a hydroxyl
oxygen in place of a labile hydrogen atom. Suitable
hydroxyl protecting group(s) include esters (acetate,
ethylacetate), ethers (methyl, ethyl), ethoxylated
derivatives (ethylene glycol, propylene glycol) and
the like that can be removed under either acidic or
basic conditions so that the protecting group is
removed and replaced with a hydrogen atom. Guidance
forselecting appropriate protecting groups, as well as
synthetic strategies for their attachment and removal,
may be found, for example, in Greene & Wuts,
Protective Groups in Organic Synthesis, 3d Edition,
John Wiley & Sons, Inc., New York (1999) and the
references cited therein (hereinafter "Greene &
Wuts"). Plastics or porous membranes such as
polyolefms, polystyrenes, poly(methyl)methacrylates,
polyacrylonitriles, poly(vinylacetates), poly (vinyl
alcohols), chlorine-containing polymers such as
poly(vinyl) chloride, polyoxymethylenes,
polycarbonates, polyamides, polyimides, polyurethanes,
phenolics, amino-epoxy resins, polyesters, silicones,
cellulose-based plastics, fluoropolymers and
rubber-like plastics can all be used as supports,
providing surfaces that can be modified as described
herein. In addition, supports such as those formed of
pyrolytic carbon, parylene coated surfaces, and
silylated surfaces of glass, ceramic, or metal are
suitable for surface modification. The method of the
present invention may involve the attachment of a
biologically active material to a support surface. For
example, a thermally responsive nanofiber including a
cross-linking agent is provided having two or more
latent reactive activatable groups in the presence of
a support surface. According to an alternative
embodiment, the nanofiber may also include a
biologically active material or a functional polymer
that is reactive with a biologically active material.
At least one of the latent reactive groups is
activated and covalently bonded to the surface. The
remaining latent reactive groups are allowed to remain
in their inactive state and are later activated in
order to bind a biologically active material or a
functional polymer in order to attach the biologically
active material to the surface of the substrate. 



A functional polymer is a polymer having one or more
functional groups that will react with a biologically
active material. Representative functional groups
include carboxy, ester, epoxy, hydroxyl, amido, amino,
thio N-hydroxy succinimide, isocyanate, anhydride,
azide, aldehyde, cyanuryl chloride or phosphine groups
that will react with a biologically active material
Alternatively, the biologically active material or
functional polymer provided in the thermally
responsive nanofiber composition may bind to a second
biological material in order to attach the second
biological material to the surface of the substrate
through manipulation of the physical properties of the
support surface via, for example, the application or
removal of heat from the system.The steps of the
method can be performed in any suitable order. For
example, a thermally responsive nanofiber including a
thermally responsive polymer and crosslinking agent,
as described herein, may be physically absorbed in or
adsorbed to a suitable support surface by hydrophobic
interactions. Upon photoactivation, at least one of
the photoactivatable groups (e.g., benzophenone
groups) undergoes covalent bond formation at the
support surface. With the absence of abstractable
hydrogens in the proximity of the remaining unbonded
photoactivatable group(s), and removal of the
photoactivation source, the photoactivatable group
returns from an excited state to a ground state. These
remaining photoactivatable groups are then capable of
being reactivated when a biologically active material
intended for immobilization is present, and when the
treated surface is exposed to another round of
illumination. This method can be described as a
"two-step" approach, where the thermally responsive
nanofiber is applied in the first step to create a
latent reactive surface, and in the second step, the
biologically active material is added for attachment
to the activated surface. Alternatively, the method,
described as a "one-step" method, provides that the
thermally responsive nanofibers of the present
invention are mixed together with the biologically
active material to form a composition. The resultant
composition is used to surface modify materials in a
single photoactivation step. In this case,
photoactivation triggers not only covalent bond
formation of at least one photoactivatable group with
the surface of the substrate, but also simultaneously
triggers covalent bond formation with any adjacent
biologically active materials residing on the surface.
In an alternative embodiment, the thermally responsive
nanofiber is formed from a combination or mixture
including a thermally responsive polymer, a
cross-linking agent having at least two latent
activatable groups, and a biologically active
material. At least one of the latent reactive groups
undergoes covalent bond formation at the support
surface to bond the nanofiber to the surface of the
substrate. The remaining latent reactive group(s) can
undergo photoactivation to react with a second
biologically active material. Alternatively, the
biologically active material incorporated into the
nanofiber can itself react with a second biologically
active material to provide for further
functionalization of the substrate. In another
alternative method, the thermally responsive
nanofibers of the present invention are used to
pretreat a substrate surface prior to the application
and bonding ofmolecules that have themselves been
functionalized with latent reactive groups. This
method is useful in situations where a particularly
difficult substrate requires maximal coating
durability. In this manner, the number of covalent
bonds formed between the substrate surface and the
target molecule derivatized with latent reactive
groups can typically be increased, as compared to
surface modification with a desired latent reactive
group-containing target molecule alone. After the
surface of a substrate has been coated or treated with
the thermally responsive nanofibers of the present
invention, the thermally responsive surface can then
be fine tuned by the application or removal of heat to
the system to selectively bind and release a
biological material of interest. Heat can be applied
to the system to transition the thermally responsive
nanofiber bound to the surface from a hydrophilic
state to a hydrophobic state. In a hydrophobic state
at a temperature higher than LCST, the polymer chains
collapse and the surface becomes hydrophobic. In this
state the thermally responsive nanofiber surface may
attract or repel select target molecules.
Alternatively, heat can also be removed from the
system by cooling the substrate below the LCST. Once
cooled, the thermally responsive nanofiber may revert
back to its initial hydrophilic state, once again
showing an altered affinity for a particular target
molecule. Suitable biologically active or target
molecules for use in the present invention encompass a
diverse group of materials or substances. These
materials may be used in either an underivatized form
or previously derivatized. Moreover, target molecules
can be immobilized singly or in combination with other
types of target molecules. Target molecules can be
immobilized to the surface after (e.g., sequentially)
the surface has been primed with the thermally
responsive nanofibers of the present invention.
Alternatively, target molecules are immobilized during
(e.g., simultaneously with) attachment of the
thermally responsive nanofibers to the surface of the
substrate. Typically, target molecules are selected so
as to confer particular desired properties to the
surface and/or to the device or article bearing the
surface. According to one embodiment of the present
invention, the target molecule or material is a
biologically active material. Biologically active
materials which may be immobilized on the surface of
the nanofiber modified substrate, or alternatively,
provided as a part of the nanofiber composition,
generally include, but are not limited to, the
following: enzymes, proteins, carbohydrates, nucleic
acids, and mixtures thereof. Further examples of
suitable targetmolecules, including biological
materials, and the surface properties they are
typically used to provide, is represented by the
following nonlimiting list. TARGET MOLECULE FUNCTIONAL
ACTIVITY Synthetic Polymers Sulfonic acid-substituted
Lubricity, negatively charged surface, polyacrylamide
hydrophilicity Polyacrylamide Lubricity, protein
repulsion, hydrophilicity Lubricity, cell and protein
repulsion, Polyethylene glycol hydrophilicity
Polyethyleneimine Positively charged surface
Polylactic acid Bioerodible surface Polyvinyl alcohol
Lubricity, hydrophilicity Polyvinyl pyrrolidone
Lubricity, hydrophilicity Quaternary amine-substituted
Lubricity, positively charged surface polyacrylamide
Silicone Lubricity, hydrophobicity Conductive
polymeric materials, e.g., Electric conductivity
polyvinylpyridine, polyacetylene, polypyrrole)
Carbohydrates Alginic acid Lubricity, hydrophilicity
Lubricity, hydrophilicity, bio- degradable glucose
Cellulose source Chitosan Positively charged surface,
hydrophilicity, hemostatsis Glycogen Hydrophilicity,
biodegradable glucose source Antithrombogenicity,
hydrophilicity, cell and Heparin growth factor
attachment, protein affinity Hyaluronic acid
Lubricity, negatively charged surface Pectin
Lubricity, hydrophilicity Mono-, di- saccharides
Hydrophilicity Dextran sulfate Chromatography media,
hydrophilicityTARGET MOLECULE FUNCTIONAL ACTIVITY
Proteins 



Antibodies Antigen binding, immunoassay Antithrombotic
agents (e.g. Antithrombogenic surface antithrombin
III) Albumin Nonthrombogenic surface Attachment
proteins/peptides Cell attachment (e.g. collagen)
Enzymes Catalytic surface Extracellular matrix Cell
attachment and growth proteins/peptides Growth
factors, Cell growth proteins/peptides Hirudin
Antithrombogenic surface Thrombolytic proteins (e.g.,
streptokinase, plasmin, Thrombolytic activity
urokinase) Lipids Fatty acids Hydrophobicity,
biocompatibility Hydrophobicity, lubricity, bio-
degradable fatty Mono-, di- and triglycerides acid
source Hydrophobicity, lubricity, bio-degradable fatty
Phospholipids acid source Nonthrombogenic
surface/immobilized Prostaglandins/ leukotrienes
messenger Nucleic Acids Substrate for
nucleases/affnity binding, genomic DNA assay Substrate
for nucleases/affnity binding, genomic RNA assay
Nucleosides, nucleotides Source of purines,
pyrimidines, enzyme cofactor Drugs/Vitamins/Cofactors
Enzyme cofactors Immobilized enzyme Heme compounds
Globin bindings/surface oxygenation Drugs Drug
activityTARGET MOLECULE FUNCTIONAL ACTIVITY
Nonpolymeric Materials Dyes (e.g., azo dyestuffs)
Coloring agent Fluorescent compounds , . K Fuorescence
(e.g., fluorescein) The thermally responsive
nanofibers of the present invention can be used in a
wide variety of applications including: filters,
scaffolds for tissue engineering, protective clothing,
reinforcement of composite materials, and sensor
technologies. Medical articles that can be fabricated
from or coated or treated with the thermally
responsive nanofibers of the present invention can
include, but are not limited to, the following:
catheters including urinary catheters and vascular
catheters (e.g., peripheral and central vascular
catheters), wound drainage tubes, arterial grafts,
soft tissue patches, gloves, shunts, stents, tracheal
catheters, wound dressings, sutures, guide wires and
prosthetic devices (e.g., heart valves and LVADs).
Vascular catheters which can be prepared according to
the present invention include, but are not limited to,
single and multiple lumen central venous catheters,
peripherally inserted central venous catheters,
emergency infusion catheters, percutaneous sheath
introducer systems, thermodilution catheters,
including the hubs and ports of such vascular
catheters, leads to electronic devices such as
pacemakers, defibrillators, artificial hearts, and
implanted biosensors. Additional articles that can be
fabricated from or have a surface that can be coated
or treated with the thermally responsive nanofibers of
the present invention can include, but are not limited
to, the following: slides, multi-well plates, Petri
dishes, tissue culture slides, tissue culture plates,
tissue culture flasks, cell culture devices, or column
supports and/or chromatography media. In another
embodiment, the thermally responsive nanofibers of the
present invention can be applied to a microscope slide
or "chip" for biomolecule immobilization. In yet
another embodiment, the thermally responsive
nanofibers of the present invention can be applied to
a surface of a cell culture device to provide a
thermally responsive surfaceVarious types of mammalian
cells have been seeded on tissue culture polystyrene
(TCPS) coated with poly-isopropylacrylamide (PIPAAm).
The cells adhered, proliferated and differentiated in
the same manner as uncoated TCPS. With the cells on
bare TCPS, digestive trypsin treatment is carried out
to dissolve the extracellular matrix and to chelate
and remove Ca ions to release the cells, which in the
process lose their cell surface receptors, gap
junctions and underlying extracellular matrix. Another
alternative for cell release is the use of cell
scrapers, the mechanical use of which generates
irregularly shaped tissue fragments. With
thermo-responsive polymer coated dishes the cells are
detached in a non invasive fashion only by reducing
the culture temperature from 20 - 32C at a temperature
at which the polymer hydrates. In contrast to
enzymatic digestion, both adhesive proteins and
cell-cell junctions between the confluent cells are
preserved, enabling generation of a three dimensional
functional tissue that lacks any scaffold. Cell sheet
engineering is a unique technique that has arisen from
the use of thermo-responsive polymer as a cell culture
substrate. At 37C, PIPAAm becomes hydrophobic,
promoting protein adsorption and thereby cell
adhesion. By lowering the temperature to 20 - 32C,
cells can be released from the underlying substrate.
The change from hydrophobic to hydrophilic character
over this transition results in the release of
proteins and adherent cells from the culture
substrate. Through this technique, cell-cell contacts,
gap junctions and surface receptors are maintained as
well as the underlying extracellular matrix (ECM). The
intact ECM serves as glue to layer cell sheets to form
homogenous tissue grafts for example highly pulsatile
cardiac tissue grafts or heterogeneous tissue grafts
by layering sheets from various different cell types,
for example endothelial cells and hepatocytes. The
cell sheets thus generated have been highly applicable
to animal transplant studies. Transplant experiments
have been done to compare the response of dissociated
cells versus cell sheet injections. Dissociated
cardiomyocytes equivalent to four cell sheets were
injected into left subcutaneous dorsal tissue and four
cell sheet layers obtained from low temperature lift
off mediated by thermo-responsive polymer, were
transplanted into the right subcutaneous tissue. The
isolated cells formed a lump under the skin while the
sheet transplanted site remained smooth. One week
after the transplant, the respective sites were opened
and cross sectional views of the right side indicated
a flat square cardiac graft with no visiblenecrosis
and connexin 43 (a gap junction marker) staining
revealed the presence of numerous gap junctions. The
left side showed cell dense graft surface zones with
central cell-void areas and only a few depositions
were seen when stained for connexin 43. The grafting
of PIPAAm on tissue culture polystyrene and its
success with the culture and harvest of various cell
types has led to the development of commercially
available tissue culture polystyrene dishes by Cell
Seed Inc. (Tokyo, Japan). The use of these surfaces
completely abandons the use of trypsin when collecting
cells as detachment is achieved by lowering the
culture temperature. This eliminates the use of
laborious pipetting, saving on both labor, time and
cell/tissue damage. The culture surfaces can also be
functionalized by co-polymerization of PIPAAm with its
carboxylate derivatized analog,
2-carboxyisopropylacrylamide (CIPAAm). Insulin was
immobilized on culture surfaces by standard amide bond
formation with the CIPAAm carboxylate group. The
surfaces with immobilized insulin showed an increase
in proliferation of bovine carotid artery endothelial
(BAEC) cells even without the addition of serum.
Similarly, the carboxyl groups on CIPPAm sequences can
be used to immobilize cell adhesive sequences such as
RGDS which promotes BAEC cell adhesion and
proliferation without the addition of fetal bovine
serum in the culture medium. Thus, 



the culture of cells and their low temperature lift
off obviates the need of using serum which has both
cost and safety (prions and bovine spongiform
encephalopathy) concerns regarding its use. These
surfaces would be useful for serum free culture of
cells and cell sheets which can then be used in
various tissue engineering and transplant
applications. The spontaneous cell sheet generation
from PIPAAm- grafted TCPS is a relatively slow
process, occurring gradually from the sheet periphery
toward the interior. Thus, significant incubation time
is required to lift up the intact, viable cell sheet
completely. Rapid recovery of cell sheets is
considered important to maintain biological function
and viability of recovered cell sheets, as well as for
practical assembly of tissue structures. The rate
limiting step to cell recovery is the hydration of
hydrophobized PIPAAm segments interacting with the
cell sheet, incorporation of a highly water permeable
substrate to interface is desirable between cell
sheets and the thermo-responsive surfaces. Several
approaches have been tried in this regard to make the
detachment of cell sheets a faster process. It has
been shown that placing hydrophilically -modified PVDF
membraneson confluent Madin-Darby canine kidney (MDCK)
cells incubated at 20C for one hour helps in the easy
lift of cells. Another set of experiments has utilized
porous membranes (PET) grafted with PIPAAm. As
mentioned earlier, on PIPAAm-grafted TCPS dishes,
water required to hydrate PIPAAm at a lower
temperature can readily penetrate the culture matrix
from only the periphery of each cell to the interface
between the cell and grafted PIPAAm chains. On porous
membranes, water hydration of PIPAAm is supplied
through pores underneath adherent cells, as well as
from the periphery of each cell. Ready, rapid access
of bulk water to PIPAAm grafts through pores beneath
attached cells should accelerate single cell and cell
sheet detachment. The pore size of a membrane is an
important factor in determining the cell adhesion and
growth. In general, cells do not grow on surfaces
which have a pore size greater than their
pseudopodium. On membranes with pore size greater than
5mm the fibroblast adhesion and suppression was found
to be greatly reduced. Nanofibers produced via the
process of electrospinning may have unprecedented
porosity (>70%), a high surface to volume ratio, and a
wide range of pore diameter distribution and high
interconnectivity, all physical properties ideal for
promoting cell attachment and growth. Furthermore, the
nanotopography of electrospun nanofibers closely
resembles the nanofibrillar and nanoporous 3D geometry
of the ECM and basement membrane. The higher surface
area allows for a higher percentage of cellular
attachment as well as for multiple focal adhesion
points on different fibers due to nanosized fiber
diameters. Because the diameters of nanofibers are
orders of magnitude smaller than the size of the
cells, cells are able to organize, spread or attach to
adsorbed proteins at multiple focal points.
Electrospun nanofibers are capable of supporting a
wide variety of cell types. Human umbilical cord
endothelial cells attached and proliferated better
when seeded onto 50:50 poly (L-lactic acid-co-
e-caprolactone) (PLCL) fibers with a diameter of 300
nm compared to 7mm microfibers. Cells attached to
microfibers were round in shape and non proliferative,
whereas on nanofibers, the cells were nicely spread
out and anchored on multiple fibers. Elias and
co-workers have reported osteoblast adhesion,
proliferation, alkaline phosphatase activity and ECM
secretion on carbon nanofibers increased with
decreasing fiber diameter in the range of 60-200 nm.
Nanogrooved surfaces can induce contact guidance of
human corneal epithelial cells, causing them to
elongate and aligntheir cytoskeleton along the
topological features. Highly porous PLLA scaffolds
with nanoscale pores created using a liquid-liquid
phase separation have been used for the culture of
neural stem cells and were shown to have a positive
effect on neurite outgrowth. Recent studies show that
the growth of NIH 3T3 fibroblasts and normal rat
kidney cells on polyamide nanofibrillar surfaces
resulted in changes in morphology, actin organization,
focal adhesion assembly, fibronectin secretion and
rates of cell proliferation that are more
representative of fibroblast phenotype in vivo. Breast
epithelial cells on the same surface underwent
morphogenesis to form multicellular spheroids unlike
the same cells cultured on glass. It has also been
shown that the commercially available polyamide
nanofibers provide a better substrate for cell
attachment for weakly adherent cell lines, for example
PC12, a neuronal cell line. Polyamide electrospun
nanofibers have also been shown to support the
attachment and proliferation of mouse embryonic stem
cells (ESD3). These cells differentiated into neurons,
oligodendrocytes and astrocytes based upon the culture
media selected. Fetal bovine chondrocytes seeded on
nanofibers poly (e- caprolactone) (PCL) scaffolds were
able to maintain the chondrocytic phenotype during
three weeks of culture, specifically upregulating
collagen type HB expression, indicative of mature
chondrocyte phenotype. These studies demonstrate that
nanofiber scaffolds are not only cytocompatible but
can also be used to stimulate and encourage cell
proliferation and phenotypic behavior. To induce
specific biological responses from the attached cells,
the nanofibers may also be functionalized using
bioactive molecules. Functionalization is typically
carried out by either conjugating the molecules to the
surface of the nanofibers or by incorporating the
bioactive molecules in the spinning solution.
Polyacrylic acid (PAA) grafted onto poly
(e-caprolactone-coethyl ethylene phosphate) (PCLEEP)
allows for the conjugation of galactose ligand, which
mediates hepatocytes attachment. Hepatocytes cultured
on these PCLEEP functionalized nanofiber scaffolds
formed 20-100 mm spheroid aggregates that engulfed the
nanofibers. To underscore the importance of culture
substrate, others have shown that aminated nanofiber
meshes supported a higher degree of cell adhesion and
proliferation of hematopoietic stem/progenitor cells
compared to aminated films. Similarly conjugation of
bone morphogenetic protein-2 (BMP-2) on chitosan
nanofibers resulted in better proliferation, alkaline
phosphatase activity and calcium deposition of
osteoblastic cells.In sum, the nanoscale nature of the
electrospun polymeric nanofibers mimics the natural
ECM. ECM- like properties of the nanofibers can be
used to stimulate and encourage cell proliferation and
differentiation. Moreover, the cells are able to
maintain their in vivo like morphology and function.
Thus, the combination of fiber composition,
morphology, alignment and the capacity to incorporate
bioactive molecules or growth factors helps recreate
the functions of native ECM. The invention will be
further described with reference to the following
nonlimiting examples. It will be apparent to those
skilled in the art that many changes can be made in
the embodiments described without departing from the
scope of the present invention. Thus the scope of the
present invention should not be limited to the
embodiments described in this application, but only by
embodiments described by the language of the claims
and the equivalents of those embodiments. Unless
otherwise indicated, all percentages are by weight.
EXAMPLES Example 1. Electrospinning of PCL and PS
Nanofibers Poly (e- caprolactone) (PCL), with an
average molecular weight of 80 kDa and Polystyrene
(350,000 Da) were purchased from Aldrich chemicals
(Milwaukee, WI). 0.14g/ml solutions were prepared by
dissolving 14g of PCL or PS in 100 ml of organic
solvent mixture (1:1) composed of tetrahydrofuran
(Fisher Scientific) and NJSfdimethylformamide (Alfa
Aesar, Ward Hill, MA) and mixing it well by shaking
the mixture for 24 h at room temperature. The polymer
solution was placed in a plastic syringe fitted with a
27G blunt needle (Strategic Applications, Inc.,
Libertyville, IL). A syringe pump (KL) Scientific,
USA) was used to feed the polymer solution into the
needle tip. Nanofiber meshes were fabricated by
electrospinning using a high voltage power supply
(Gamma High Voltage Research, USA). The nanofibers
were collected onto grounded aluminum foil located at
a fixed distance from the needle tip. The meshes were
then removed, placed in a vacuum chamber for at least
48 h to remove organic solvent residue and then stored
in a dessicator. The nanofibers were evaluated with a
microscope (Olympus BX 60). Parameters that
significantly influence the diameter, consistency and
uniformity of the electrospun PCL and PS fibers were
polymer concentration, applied voltage,
solutionfeeding rate and needle-collector distance.
These parameters were optimized until unbeaded and
uniform fibers were spun continuously without needle
clogging. Three polymer concentrations (0.10 g/ml,
0.12 g/ml, and 0.14 g/ml), two voltages (17 kv, 20 kv)
and three needle-collector distances (8 cm, 12 cm, 15
cm) were investigated to obtain 



non-defect nanofibers. The optimized conditions are
shown in Table 1. Table 1. Electrospinning Parameters
Figure 1. shows the typical SEM image of PCL
nanofibers. The average fiber diameter of nanofibers
is, 453  146 nm. Highly porous structure was observed
in the formulation tested. The porosity measured by a
liquid displacement method was 0.90 Example 2. Coating
of Nanofiber Meshes with (PIPAAm) Various coating
approaches were employed to obtain a thin coating of
the thermoresponsive polymer on different culture
substrates. The substrates included TCPS, Thermanox
coverslips (Nunc), commercially available nanofiber
meshes (Surmodics Inc., Corning Inc.) and in-house PCL
nanofibers. The Thermanox coverslips and nanofiber
inserts were dip coated in an IPA (isopropyl alcohol)
solution of 20mg/ml PIPAAm (polyisopropylacrylamide
Aldrich chemicals, Mw+ 20-25KDa, WI) and 0.8 mg/ml
TriLite
(tris[2-hydroxy-3-(4-benzoylphenoxy)propl]isocyanurate
. The pieces were dip coated by immersing in the
coating solution for 10 seconds and then extracted at
a speed of 0.5cm/sec. The meshes were air dried and
then UV illuminated (300-400 nm, Harland Medical
UVM400, MN) for 5 minutes. Various dipping speeds,
concentrations, number of dips and immerse times were
tried. The efficacy of the coated surfaces was tested
by the attachment and detachment behavior of the BAEC
cells (Lonza Biosciences, NJ, USA) at 37C and 200C
respectively. Although the above mentioned conditions
worked well for cell attachment and detachment, this
dipping method could not coat the tissue culture
formatted surfaces (for example, multi well dishes or
100mm dishes). Therefore, another approach was tried
where the multi well dishes, nanofiber inserts,
commerciallyavailable nanofiber 96 well and 100 mm
dishes were first coated with 0.8mg/ml solution of
TriLite. The TriLite solution was immediately
withdrawn and UV illuminated for 30 seconds. PIPAAm
solution (20 mg/ml in IPA) was then added to the
wells, immediately withdrawn and UV illuminated for
2.0 minutes. The treated surfaces were rinsed with IPA
and tissue culture grade sterile water before plating
the cells. Example 3. Smart Polymer Nanofibers Four
formulations containing 1.0 wt% TriLite were prepared
to synthesize smart polymer photoreactive nanofibers.
These formulations were PS in (DMF/THF), PCL in
(DMF/THF), PIPAAm in (IPA/DMF), PIPAAm-co-PEG (1%) in
water. The nanofibers were fabricated by the
electrospinning process of Example 2. The parameters
such as, polymer concentration, solvent ratio, applied
voltage and needle-collector distance, were optimized
until unbeaded and uniform fibers with an average
diameter under 500 nm can be spun continuously without
needle clogging. The optimized conditions are shown in
Table 2. After drying, all the nanofibers except PS
and PCL were illuminated for 5 minutes under a UV lamp
(Harland Medical UVM400, Eden Prairie, MN). The
nanofibers were evaluated under a microscope.
PEG-PIPAAm was synthesized by free radical
copolymerization of N-isopropylacrylamide (Aldrich)
with poly (ethyleneglycol) methyl ether methacrylate
(Mw 2,000, Aldrich) in water using ammonium persulfate
(Sigma) as initiator and N,N,N',N'-
tetramethylethylenediamine (Aldrich) as a catalyst.
Table 2Example 4. Surface Characterization and
Screening of PIPAAm Coated Nanofibers As the coated
nanofiber meshes were completed they were examined for
surface topography, protein adsorption, and contact
angle. Initially they were screened in house for
uniformity by microscopic examination (looking for
changes in pore size, and obvious delamination or
uncoated areas) and for contact angles. Comparison
between bulk PIPAAm, the coated and uncoated nanofiber
mesh, and the hydrophobic polystyrene core will
provide evidence for surface changes. Microscopic
examination of the coated nanofibers showed no obvious
delamination or changes in the morphology compared to
the uncoated nanofibers. Coatings which passed initial
screening were assessed for protein adsorption. PIPAAm
surfaces at 37C should adsorb considerably more
protein than at 25C because of the phase transition.
Coated and uncoated TCPS coverslips, incubated in IX
PBS buffer at 37C and 4C for two hours, then quickly
removed and placed in a solution of 1 mg/ml BSA for 6
hours at 37C and 4C. This time period should be enough
for protein adsorption to occur. Following the BSA
incubation, the pieces were rinsed three times with IX
PBS and placed in HRP-labeled anti-BSA antibody
(Sigma) for 30 minutes, followed by a standard rinse
and HRP colorimetric assay. Pieces were considered
coated with the thermo-responsive polymer if the
difference in protein adsorption between 37C and 25C
incubated coated pieces exceeds one standard deviation
and differs significantly from that of uncoated
pieces. Alternatively, we also adsorbed a cell
adhesive protein, Fibronectin (FN). Bovine plasma FN
(Biomedical Technology Inc, MA) was adsorbed onto the
nanofibrillar surfaces by incubation of 1Omg/ml FN in
PBS solution at 37C and 25C for 6 hours. The coated
pieces were then vigorously washed with PBS for five
times. They were blocked with 0.1% bovine serum
albumin (BSA) in PBS for one hour and reacted with
2.0mg/ml rabbit polyclonal anti bovine FN antibody
(Biogenesis, Inc, UK) at a 1:200 dilution (final
concentration, 1Omg/ml) for 2 hours at 37C and 25C
respectively. Following five washes with PBS,
containing 0.1% BSA, they were incubated for an
additional one hour with anti rabbit IgG-HRP antibody
(Chemicon International, CA) with a 1:1000 dilution
(final concentration 15ug/ml) and incubated with HRP
substrate for 10 minutes. The colordevelopment was
quenched with LON H2S04 and absorbance measurements
were taken at 450nm with a spectrophotometer
(Spectramax M2). A ten fold difference in protein
adsorption was seen on PIPAAm coated surfaces
incubated at 37C and 25C respectively. Surfaces that
showed a difference in protein adsorption at 37C and
25C were further evaluated for their cell attachment
and detachment profile by plating different cell
lines. Example 5. Cultured Bovine and Human Cells
Bovine Aortic Endothelial Cells (BAEC) and T47-D cells
were pre-cultured in 75cm2 flasks in DMEM-F12 +10%
FBS. The cells were trypsinized and plated on PIPAAm
coated nanofibrillar and TCPS surfaces. The cells were
also plated on commercially available PIPAAm coated
TCPS surfaces (Cell Seed Inc). Both cell lines were
plated at a density of 100,000 cells /well in a 6-well
PIPAAm coated dishes. Bare TCPS and Cell Seed surfaces
were used as control surfaces and similar numbers of
cells were plated on them. The cells were cultured for
a period of 48 hours in a humidified atmosphere with
5% C02 at 37C. Both the cell lines attached well to
the coated surfaces which indicate that the coating is
thin enough for the cells to attach. Forty eight hours
later, the cells were moved to room temperature. The
BAEC cells plated on PIPAAm coated nanofibers, TCPS
and Cell seed surfaces started to lift up in about 15-
20 minutes. Approximately, after about 35 minutes
complete cell sheets lifted up (Figure 4). The results
were more dramatic with T47-D cells. After 25 minutes
incubation at room temperature, the cells begun to
sheet off from the PIPAAm/TriLite coated nanofibrillar
and TCPS surfaces while the cells plated on Cell Seed
surfaces failed to lift up even after 120 minutes of
incubation at room temperature. It was observed that
on Cell Seed surfaces, there was no cell detachment
while 50-70% of the cells lifted up from
PIPAAm/TriLite coated surfaces in about half the time
(Figure 5). Example 6. Cultured Human Epithelial Cells
It has been shown that cells growing on nanofibrillar
surfaces form more in vivo like morphologies. These
surfaces are also permissive for epithelial cells to
undergo morphogenesis. We have shown that our coating
on smart polymer surfaces does not interfere with the
nanofibrillar properties of the matrix and cells still
undergomorphogenesis or form more in vivo like
structures in addition to being detached by mere
temperature reduction. For morphogenesis studies,
T47-D breast epithelial cells were cultured on
nanofibrillar and flat surfaces coated with
PIPAAm/TriLite. The controls were bare nanofibers and
TCPS. The cells were cultured in DMEM + 10% fetal
bovine serum (FBS) in an atmosphere of 5% CO2 95% air
at 37C. This particular cell line has been selected as
it has shown to demonstrate tubular and spheroidal
structures under conditions that promote three
dimensional interactions with collagen or matrigel.
After, 10 days in culture, cells were fixed with 4%
paraformaldehyde and incubated with Phalloidin Alexa
Fluor 594 ( 1:500, Molecular Probes, OR) for 30
minutes at room temperature. The cells 



were rinsed three times with PBS and observed under an
inverted fluorescent microscope (Zeiss Axiovert 200M).
Phalloidin binds to filamentous actin (F-actin) and
provides visualization of cytoskeletal organization of
the cells. After 5 days in culture, a mixed population
of spheroids and tubular cells was observed on
nanofibers. By day 8, multicellular spheroids were
dominant although some tubules still persisted. In
contrast, the growth of T47-D cells on flat surfaces
showed a monolayer with a group of stress fibers. We
have shown that our coating on the nanofiber surface
with the thermoresponsive polymer does not affect the
nanofibrillar topology and hence morphogenesis of
T47-D cells or more in vivo like cells can be obtained
on these surfaces by mere reduction of temperature. To
show that detached cells recover quickly on fresh
surfaces and still retain their morphology after
temperature reduction, the second set of cells was
grown to confluency for about 5-10 days at 37C. The
cells were then moved to room temperature for about
15-40 minutes. The detached cell sheet was gently
removed with the help of a 10.0 ml pipette to a fresh
tissue culture surface. The cells were allowed to
settle down and were then fixed with 4%
paraformaldehyde after 30 minutes incubation at 37C.
Replated cells were stained with phalloidin F-actin to
show that the advantage of growing cells on
thermo-responsive nanofibrillar surfaces as opposed to
flat thermoresponsive surfaces is the ability to
achieve and retain in vivo like morphology (D). Figure
7A shows the T47-D cells cultured on PIPAAm/TriLite
coated nanofibers for a period of 10 days and stained
with Phalloidin F-actin. Note the presence of
multicellular spheroids and the peripheral
organization of actin filaments. A magnified image
(400 mm) of the spheroid of Figure 7B shows the lumen
extending through thespheroid. T47-D cells cultured on
PIPAAm/TriLite coated TCPS for period of 10 days were
also fixed and stained for phalloidin F-actin. Note
the spread out morphology and organization of stress
fibers in the cells of Figure 1C T47-D cells lifted up
through temperature reduction were replated on fresh
nanofibers. Figure 7D shows that replated T47-D cells
maintain their tubular and spheroidal morphology and
peripheral organization of actin (200mm). Replated
cell sheets were also analyzed for conexxin 43
expression which is considered to be a major component
of gap junctional channel. BAEC cells were plated at a
density of 50,000 cells/ 22mm well. The cells were
cultured until confluency and then lifted up by moving
the dish to 200C for 15 minutes. The sheets were
transferred onto fresh nanofibrillar surfaces with the
help of a 10 ml pipette and the curled up edges were
uncurled by adding a drop of medium onto the sheet.
The sheet was then transferred to the 5% CO2
humidified incubator at 37C and were allowed to
attach. Thirty minutes later the cells were fixed with
4% paraformaldehyde and stained with 1:1000 dilution
of anti connexin 43 (Sigma). Staining for Connexin 43
showed diffused expression of connexin 43 through out
the entire sheet suggesting the presence of intact gap
junctions (Figure 8).CLAIMS 1. A nanofiber or coated
surface comprising a stimuli responsive polymer, a
crosslinking agent having at least two latent reactive
activatable groups and, optionally, a biologically
active material. 2. The nanofiber of claim 1, wherein
the nanofiber has a diameter ranging from about 1 nm
to 100 microns. 3. The nanofiber of claim 1, wherein
the nanofiber has an aspect ratio in a range of at
least 10 to about at least 100. 4. The nanofiber of
claim 1, wherein the stimuli responsive polymer
comprises a polymer that responds to stress,
temperature, moisture, pH, applied electric or
magnetic fields, ionic strength, orbiomolecules. 5.
The nanofiber of claim 1, wherein the stimuli
responsive polymer is a thermally responsive polymer.
6. The nanofiber of claims 5 wherein the thermally
responsive polymer comprises
poly(isopropylacrylamide), graft copolymers of
polyethylene glycol and poly(isopropylacrylamide), or
mixtures thereof. 7. The nanofiber of claim 5, wherein
the thermally responsive polymer has a first physical
property at a first predetermined temperature range
and a second physical property at a second
predetermined temperature range. 8. The nanofiber
according to claim 1, wherein the nanofiber is adapted
to be covalently bonded to a surface of a substrate
upon activation of at least one latent reactive
activatable group.9. A method of producing a latent
reactive material comprising the steps of combining a
stimuli responsive polymer with a cross-linking agent
having at least two latent reactive activatable groups
and, optionally, a biologically active material to
form a combination and forming at least one nanofiber
from the combination, wherein the nano fiber has a
diameter ranging from 1 nm to 100 microns and an
aspect ratio in a range of about at least 10 to about
at least 100. 10. The method of claim 9 wherein the
stimuli responsive polymer comprises
poly(isopropylacrylamide), graft copolymers of
polyethylene glycol and poly(isopropylacrylamide), or
mixtures thereof 11. A method of treating a surface of
a substrate comprising the steps of: (a) combining a
stimuli responsive polymer and a cross-linking agent
having at least two latent reactive activatable groups
and, optionally, a biologically active material to
form a combination; (b) forming at least one nanofiber
from the combination, wherein the nanofiber has a
diameter ranging from about 1 nm to 100 microns and an
aspect ratio in a range of about at least 10 to at
least 100; (c) contacting the surface with the
nanofiber; and (d) forming a bond between the
nanofiber and the surface. 12. The method of claim 11,
wherein forming the bond between the nanofiber and the
surface includes activating at least one of the latent
reactive activatable groups with an energy source to
bond the nanofiber to the surface. 13. The method
according to claim 11, further comprising the step of
activating at least one of the latent reactive
activatable groups to bond the nanofiber to a
biologically active material.14. The method according
to claim 11, further comprising the step of
simultaneously activating a first latent reactive
activatable group to bond the nanofiber to the surface
and a second latent reactive activatable group to
covalently bond the nanofiber to a biologically active
material. 15. The method according to claim 11,
wherein the stimuli responsive polymer comprises
poly(isopropylacrylamide), graft copolymers of
polyethylene glycol and poly(isopropylacrylamide), or
mixtures thereof. 16. The method according to claim
11, further comprising combining a biologically active
material with the thermally responsive polymer and the
cross-linking agent. 17. The method according to claim
11, further comprising attaching a biologically active
material to the surface. 18. The method according to
claim 11, further comprising applying heat to
transition a physical property of the thermally
responsive nanofiber from a first physical property at
a first predetermined temperature range to a second
physical property at a second predetermined
temperature range. 19. The method according to claim
11, further comprising removing heat to transition a
physical property of the thermally responsive
nanofiber from a second physical property at a second
predetermine temperature range to a first physical
property at a first predetermined temperature range.
20. A surface coating comprising a thermally
responsive nanofiber. 21. The surface coating of claim
20, wherein the thermally responsive nanofiber further
comprises a cross-linking agent having at least two
latent reactive activatable groups and, optionally, a
biologically active material.22. The surface coating
of claim 20, wherein the thermally responsive polymer
comprises poly(isopropylacrylamide), graft copolymers
of polyethylene glycol and poly(isopropylacrylamide),
or mixtures thereof. 23. An article having a surface
coating comprising a thermally responsive nanofiber.
24. The article of claim 23, wherein the thermally
responsive nanofiber comprises a nanofiber coated with
thermally responsive polymer, a cross-linking agent
having at 



least two latent reactive activatable groups and,
optionally, a biologically active material. 25. The
article of claim 23, wherein a physical property of
the surface coating changes by changing the
temperature of the article. 26. The article of claim
23, wherein the nanofiber comprises
poly(isopropylacrylamide), graft copolymers of
polyethylene glycol and poly(isopropylacrylamide), or
mixtures thereof. 27. The article of claim 23, wherein
the nanofiber is covalently bonded to the surface of
the article. 28. The article of claim 23, wherein the
article is urinary catheters, vascular catheters, a
wound drainage tubes, arterial grafts, soft tissue
patches, gloves, shunts, stents, tracheal catheters,
pacemakers, defibrillators, artificial heart
replacement valves, artificial hearts, or implanted
biosensors. 29. The article of claim 23, wherein the
article is slides, multi-well plates, Petri dishes,
tissue culture slides, tissue culture plates, cell
culture devices, tissue culture flasks, or
chromatography and bioreactor matrices. 30. A cell
culture device comprising a surface coating including
a thermally responsive nanofiber.31. The cell culture
device of claim 30, wherein the nanofiber comprises a
thermally responsive polymer and a biologically active
material. 32. The cell culture device of claim 30,
wherein the nanofiber comprises a thermally responsive
polymer, a cross-linking agent having at least two
latent reactive activatable groups and, optionally, a
biologically active material. 33. The cell culture
device of claim 30, wherein the thermally responsive
polymer comprises poly(isopropylacrylamide), graft
copolymers of polyethylene glycol and
poly(isopropylacrylamide), or mixtures thereof. 34.
The cell culture device of claim 30, wherein the
thermally responsive nanofiber has a first physical
property at a first predetermined temperature range
and a second physical property at a second
predetermined temperature range. 35. A cross-linking
agent of any one of preceding claims 1-34, wherein the
crosslinking agent is a compound of the formulas a -
f: a) L-((D-T-C(R 1)(XP)CHR2GR3C(=O)R4))m wherein L is
a linking group; D is O, S, SO, SO2,NR5 or CR6R7; T is
(-CH 2-)X, (-CH2CH2-O-)x (-CH2CH2CH2-O-)x or
(-CH2CH2CH2CH2- O-)x; R1 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl
group; X is O, S, OrNR8R9; P is a hydrogen atom or a
protecting group, with the proviso that P is absent
when X is NR8R9;R2 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl
group; G is O, S, SO, SO2,NR10, (CH2X-O- or C=O; R3
and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or an heteroarylalkyl group or
when R3 and R4 are tethered together via (- CH2-X1,
(-CH 2-)rC=O(-CH 2-X, (-CH 2-)rS(-CH 2-)s, (-CH
2-)rS=O(-CH 2-)s or (-CH 2-XS(OM-CH2-X,
(-CH2-XNR(-CH2-)S; R5 and R10 are each independently a
hydrogen atom or an alkyl, aryl or arylalkyl group; R6
and R7 are each independently a hydrogen atom, an
alkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl
group; R8 and R9 are each independently a hydrogen
atom, an alkyl, aryl, or arylalkyl group; R is a
hydrogen atom, an alkyl or an aryl group; q is an
integer from 1 to about 7; r is an integer from Oto
about 3; s is an integer from Oto about 3; m is an
integer from 2 to about 10; t is an integer from 1 to
about 10; and x is an integer from 1 to about 500; b)
L-((T-C(R 1)(XP)CHR2GR3C(=O)R4))m wherein L is a
linking group;T is (-CH 2-X, (-CH2CH2-O) x,
(-CH2CH2CH2-O-)Xor (-CH2CH2CH2CH2- 0-) x; R1 is a
hydrogen atom, an alkyl, alkyloxyalkyl, aryl,
aryloxyalkyl or aryloxyaryl group; X is O, S, OrNR8R9;
P is a hydrogen atom or a protecting group, with the
proviso that P is absent when X is NR8R9; R2 is a
hydrogen atom, an alkyl, alkyloxyalkyl, aryl,
aryloxylalkyl or aryloxyaryl group; G is O, S, SO,
SO2,NR10, (CH2X-O- or C=O; R3 and R4 are each
independently an alkyl, aryl, arylalkyl, heteroaryl,
or an heteroarylalkyl group or when R3 and R4 are
tethered together via (- CH2-)q, (-CH 2-XC=O(-CH 2)S,
(-CH 2-)rS(-CH2-)s, (-CH 2-)rS=O(-CH 2-)s or (-CH
2-XS(O)2(-CH 2-)S, (-CH2-)rNR(-CH 2-)s; R10 is a
hydrogen atom or an alkyl, aryl or arylalkyl group; R8
and R9 are each independently a hydrogen atom, an
alkyl, aryl, or arylalkyl group; R is a hydrogen atom,
an alkyl or aryl group; q is an integer from 1 to
about 7; r is an integer from Oto about 3; s is an
integer from Oto about 3; m is an integer from 2 to
about 10; t is an integer from 1 to about 10; andx is
an integer from 1 to about 500; c) L-((GTZR3C(=O)R4))m
wherein L is a linking group; T is (-CH 2-)X,
(-CH2CH2-O) x (-CH2CH2CH2-O-)X, (-CH2CH2CH2CH2- O )x
or forms a bond; G is O, S, SO, SO2,NR10, (CH2X-O- or
C=O; Z is C=O, COO, or CONH when T is (-CH 2-)X; R3
and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or an heteroarylalkyl group or
when R3 and R4 are tethered together via (- CH2-)q,
(-CH 2-XC=O(-CH2-X, (-CH 2-)rS(-CH 2-)s, (-CH
2-)rS=O(-CH 2-)s or (-CH 2-XS(OM-CH2-X, (-CH2-)rNR(-CH
2-)s; R10 is a hydrogen atom or an alkyl, aryl, or an
arylalkyl group; R is a hydrogen atom or an alkyl or
aryl group; q is an integer from 1 to about 7; r is an
integer from Oto about 3; s is an integer from Oto
about 3; m is an integer from 2 to about 10; t is an
integer from 1 to about 10; and x is an integer from 1
to about 500; d) L-((TGQR3C(=O)R4))m wherein L is a
linking group;T is (-CH 2-X, (-CH2CH2-O) x,
(-CH2CH2CH2-O-)X, (-CH2CH2CH2CH2- O-)x or forms a
bond; G is O, S, SO, SO2,NR10, (CH2X-O- or C=O; Q is
(-CH 2-)p, (-CH2CH2-O-)P (-CH2CH2CH2-O- or (-
CH2CH2CH2CH2-O-)P; R3 and R4 are each independently an
alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R3 and R4 are tethered
together via (- 



CH2-)q, (-CH 2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s,
(-CH 2-)rS=O(-CH 2-)s or (-CH 2-)rS(O)2(-CH 2-)s,
(-CH2-XNR(-CH2-)S; R10 is a hydrogen atom or an alkyl,
aryl, or an arylalkyl group; R is a hydrogen atom or
an alkyl or aryl group; q is an integer from 1 to
about 7; r is an integer from Oto about 3; s is an
integer from Oto about 3; m is an integer from 2 to
about 10; p is an integer from 1 to about 10; t is an
integer from 1 to about 10; and x is an integer from 1
to about 500 e) L-((-CH2-)xxC(R1)((G)R3C(=O)R4))2)m
wherein L is a linking group; R1 is a hydrogen atom,
an alkyl, alkyloxyalkyl, aryl, aryloxyalky, or
aryloxyaryl group; each G is O, S, SO, SO2,NR10,
(CH2X-O- or C=O;each R3 and R4 are each independently
an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R3 and R4 are tethered
together via (-CH 2-),, (-CH 2)rC=O(-CH 2-)s, (-CH
2-)rS(-CH2-)s, (-CH 2- )rS=O(-CH 2-)s or (-CH
2-)rS(O)2(-CH 2-)s, (-CH 2-)rNR(-CH 2-)s; each R10 is
a hydrogen atom or an alkyl, aryl, or an arylalkyl
group; each R is a hydrogen atom or an alkyl or aryl
group; each q is an integer from 1 to about 7; each r
is an integer from 0 to about 3; each s is an integer
from 0 to about 3; m is an integer from 2 to about 10;
each t is an integer from 1 to about 10; and xx is an
integer from 1 to about 10; and f)
L-((-C(R1)(XP)CHR2GR3C(=O)R4))m wherein L is a linking
group; R1 is a hydrogen atom, an alkyl, alkyloxyalkyl,
aryl, aryloxyalkyl or aryloxyaryl group; X is O, S,
OrNR8R9; P is a hydrogen atom or a protecting group,
with the proviso that P is absent when X is NR8R9; R2
is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl,
aryloxyalkyl or aryloxyaryl group; G is O, S, SO,
SO2,NR10, (CH2X-O- or C=O.R3 and R4 are each
independently an alkyl, aryl, arylalkyl, heteroaryl,
or an heteroarylalkyl group or when R3 and R4 are
tethered together via (- CH2-)q, (-CH 2-)rC=O(-CH
2-)s, (-CH 2-)rS(-CH 2-)s, (-CH 2-)rS=O(-CH 2-)s or
(-CH 2-)rS(O)2(-CH 2-)s, (-CH2-)rNR(-CH 2-)s; R8 and
R9 are each independently a hydrogen atom, an alkyl,
aryl, or arylalkyl group; R10 is a hydrogen atom or an
alkyl, aryl, or an arylalkyl group; R is a hydrogen
atom, an alkyl or an aryl group; q is an integer from
1 to about 7; r is an integer from 0 to about 3; s is
an integer from 0 to about 3; m is an integer from 2
to about 10; and t is an integer from 1 to about 10.
36. The cross-linking agent of any one of preceding
claims 1-34, wherein the crosslinking agent is a
compound of the formula: L-((D-T-C(R
1)(XP)CHR2GR3C(=O)R4))m wherein L is a linking group;
D is O, S, SO, SO2,NR5 or CR6R7; T is (-CH 2-)X,
(-CH2CH2-O-)X (-CH2CH2CH2-O-)Xor (-CH2CH2CH2CH2- O-)x;
R1 is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl,
aryloxyalkyl or aryloxyaryl group;X is O, S, OrNR8R9;
P is a hydrogen atom or a protecting group, with the
proviso that P is absent when X is NR8R9: R2 is a
hydrogen atom, an alkyl, alkyloxyalkyl, aryl,
aryloxyalkyl or aryloxyaryl group; G is O, S, SO,
SO2,NR10, (CH2X-O- or C=O; R3 and R4 are each
independently an alkyl, aryl, arylalkyl, heteroaryl,
or an heteroarylalkyl group or when R3 and R4 are
tethered together via (- CH2-X1, (-CH 2-)rC=O(-CH 2-X,
(-CH 2-)rS(-CH 2-)s, (-CH 2-)rS=O(-CH 2-)s or (-CH
2-XS(O)2(-CH 2-X, (-CH2-)rNR(-CH 2-X; R5 and R10 are
each independently a hydrogen atom or an alkyl, aryl
or arylalkyl group; R6 and R7 are each independently a
hydrogen atom, an alkyl, aryl, arylalkyl, heteroaryl
or heteroarylalkyl group; R8 and R9 are each
independently a hydrogen atom, an alkyl, aryl, or
arylalkyl group; R is a hydrogen atom, an alkyl or an
aryl group; q is an integer from 1 to about 7; r is an
integer from Oto about 3; s is an integer from Oto
about 3; m is an integer from 2 to about 10; t is an
integer from 1 to about 10; and x is an integer from 1
to about 500.37. The cross-linking agent of claim 36,
wherein L is a branched or unbranched alkyl chain
having between about 2 and about 10 carbon atoms. 38.
The cross-linking agent of claim 36, wherein L is , D
is O, T is (-CH 2-)X, R1 is a hydrogen atom, X is O, P
is a hydrogen atom, R2 is a hydrogen atom, G is O, R3
and R4 are phenyl groups, m is 3 and x is 1. 39. The
photochemical cross-linking agent of claim 36, wherein
L is (-CH2-)y, D is O, T is (-CH 2-)X, R1 is a
hydrogen atom, X is O, P is a hydrogen atom, R2 is a
hydrogen atom, G is O, R3 and R4 are phenyl groups, m
is 2, x is 1 and y is an integer from 2 to about 6.
40. A cross-linking agent of any one of preceding
claims 1-34, wherein the crosslinking agent is a
compound of the formula: L-((T-C(R
1)(XP)CHR2GR3C(=O)R4))m wherein L is a linking group;
T is (-CH 2-)X, (-CH2CH2-O) x, (-CH2CH2CH2-O-)Xor
(-CH2CH2CH2CH2- 0-) x; R1 is a hydrogen atom, an
alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or
aryloxyaryl group; X is O, S, OrNR8R9; P is a hydrogen
atom or a protecting group, with the proviso that P is
absent when X is NR8R9; R2 is a hydrogen atom, an
alkyl, alkyloxyalkyl, aryl, aryloxylalkyl or
aryloxyaryl group; G is O, S, SO, SO2,NR10 , (CH2)t-0-
or C=O;R3 and R4 are each independently an alkyl,
aryl, arylalkyl, heteroaryl, or an heteroarylalkyl
group or when R3 and R4 are tethered together via (-
CH2-)q, (-CH 2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s,
(-CH 2-)rS=O(-CH 2-)s or (-CH 2-)rS(O)2(-CH 2-)s,
(-CH2-)rNR(-CH 2-)s; R10 is a hydrogen atom or an
alkyl, aryl or arylalkyl group; R8 and R9 are each
independently a hydrogen atom, an alkyl, aryl, or
arylalkyl group; R is a hydrogen atom, an alkyl or
aryl group; 



q is an integer from 1 to about 7; r is an integer
from 0 to about 3; s is an integer from 0 to about 3;
m is an integer from 2 to about 10; t is an integer
from 1 to about 10; and x is an integer from 1 to
about 500. 41. The cross-linking agent of claim 40,
wherein L has a formula according to structure (I):
(I) wherein A and J are each independently a hydrogen
atom, an alkyl group, an aryl group, or together with
B form a cyclic ring, provided when A and J are each
independently a hydrogen atom, an alkyl group, or an
aryl group then B is not present;B is NR11 , O, or
(-CH2-)Z; provided when A, B and J form a ring, then A
and J are (-CH2-)Zor C=O; R11 is a hydrogen atom, an
alkyl group, an aryl group or denotes a bond with T;
each z independently is an integer from 0 to 3; and
provided when either A or J is C=O, then B is NR11, O,
or (-CH2-)Zand z must be at least 1. 42. A
photochemical cross-linking agent of any one of
preceding claims 1-34, wherein the photochemical
cross-linking agent is a compound of the formula:
L-((GTZR3C(=O)R4))m wherein L is a linking group; T is
(-CH 2-X, (-CH2CH2-O-)X (-CH2CH2CH2-O-)X,
(-CH2CH2CH2CH2- 0-) x or forms a bond; G is O, S, SO,
SO2,NR10, (CH2)t-0- or C=O; Z is C=O, COO, or CONH
when T is (-CH 2-X; R3 and R4 are each independently
an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R3 and R4 are tethered
together via (-CH 2-)q, (-CH 2-)rC=O(-CH 2-)s, (-CH
2-)rS(-CH 2-)s, (-CH 2- )rS=O(-CH 2-)s or (-CH
2-XS(OM-CH 2-X, (-CH2-XNR(-CH2-)S; R10 is a hydrogen
atom or an alkyl, aryl, or an arylalkyl group; R is a
hydrogen atom or an alkyl or aryl group; q is an
integer from 1 to about 7;r is an integer from Oto
about 3; s is an integer from 0 to about 3; m is an
integer from 2 to about 10; t is an integer from 1 to
about 10; and x is an integer from 1 to about 500. 43.
The cross-linking agent of claim 42, wherein L has a
formula according to structure (I): wherein A and J
are each independently a hydrogen atom, an alkyl
group, an aryl group, or together with B form a cyclic
ring, provided when A and J are each independently a
hydrogen atom, an alkyl group, or an aryl group then B
is not present; B is NR11 , O, or (-CH2-)z; provided
when A, B and J form a ring, then A and J are
(-CH2-)Zor C=O; R11 is a hydrogen atom, an alkyl
group, an aryl group or denotes a bond with T each z
independently is an integer from 0 to 3; and provided
when either A or J is C=O, then B is NR11 , O, or
(-CH2-)Z and z must be at least 1. 44. The
cross-linking agent of claim 42, wherein L has a
formula according to structure (II):(II) wherein R12 ,
R13 , R14 , R15 , R16, R17 are each independently a
hydrogen atom, an alkyl or aryl group or denotes a
bond with T, provided at least two of R12 , R13 , R14
, R15, R16 , R17 are bonded with T and each K,
independently, is CH or N. 45. A cross-linking agent
of any one of preceding claims 1-34, wherein the
crosslinking agent is a compound of the formula:
L-((TGQR3C(=O)R4))m wherein L is a linking group; T is
(-CH 2-)X, (-CH2CH2-O) x (-CH2CH2CH2-O-)X,
(-CH2CH2CH2CH2- O )x or forms a bond; G is O, S, SO,
SO2,NR10, (CH2)t-0- or C=O; Q is (-CH 2-)P,
(-CH2CH2-O-V (-CH2CH2CH2-O- or (- CH2CH2CH2CH2-O-)P;
R3 and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or an heteroarylalkyl group or
when R3 and R4 are tethered together via (-CH 2-),,
(-CH 2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s, (-CH 2-
)rS=O(-CH 2-)s or (-CH 2-)rS(O)2(-CH 2-)s,
(-CH2-)rNR(-CH 2-)s; R10 is a hydrogen atom or an
alkyl, aryl, or an arylalkyl group; R is a hydrogen
atom or an alkyl or aryl group; q is an integer from 1
to about 7; r is an integer from Oto about 3;s is an
integer from Oto about 3; m is an integer from 2 to
about 10; p is an integer from 1 to about 10; t is an
integer from 1 to about 10; and x is an integer from 1
to about 500. 46. The cross-linking agent of claim 45,
wherein L has a formula according to structure (I):
wherein A and J are each independently a hydrogen
atom, an alkyl group, an aryl group, or together with
B form a cyclic ring, provided when A and J are each
independently a hydrogen atom, an alkyl group, or an
aryl group then B is not present; B is NR11 , O, or
(-CH2-)z; provided when A, B and J form a ring, then A
and J are (-CH2-)Zor C=O; R11 is a hydrogen atom, an
alkyl group, an aryl group or denotes a bond with T
each z independently is an integer from 0 to 3; and
provided when either A or J is C=O, then B is NR11, O,
or (-CH2-)Z and z must be at least 1.47. The
cross-linking agent of claim 45, wherein L has a
formula according to structure (II): (H) wherein R12 ,
R13 , R14 , R15 , R16, R17 are each independently a
hydrogen atom, an alkyl or aryl group or denotes a
bond with T, provided at least two of R12 , R13 , R14
, R15, R16 , R17 are bonded with T and each K,
independently, is CH or N. 48. A cross-linking agent
of any one of claims 1-34, wherein the cross-linking
agent is a compound of the formula:
L-((-CH2-)xxC(R1)((G)R3C(=O)R4))2)m wherein L is a
linking group; R1 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalky, or aryloxyaryl
group; each G is O, S, SO, SO2,NR10, (CH2)t-O- or C=O;
each R3 and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or an heteroarylalkyl group or
when R3 and R4 are tethered together via (-CH 2-),,
(-CH 2-)rC=O(-CH 2-)s, (-CH 2-)rS(-CH 2-)s, (-CH 2- 



)rS=O(-CH 2-)s or (-CH 2-)rS(O)2(-CH 2-)s,
(-CH2-)rNR(-CH 2-)s; each R10 is a hydrogen atom or an
alkyl, aryl, or an arylalkyl group; each R is a
hydrogen atom or an alkyl or aryl group; each q is an
integer from 1 to about 7; each r is an integer from 0
to about 3; each s is an integer from 0 to about 3;m
is an integer from 2 to about 10; each t is an integer
from 1 to about 10; and xx is an integer from 1 to
about 10. 49. The cross-linking agent of claim 48,
wherein L has a formula according to structure (I):
wherein A and J are each independently a hydrogen
atom, an alkyl group, an aryl group, or together with
B form a cyclic ring, provided when A and J are each
independently a hydrogen atom, an alkyl group, or an
aryl group then B is not present; B is NR11 , O, or
(-CH2-)z; provided when A, B and J form a ring, then A
and J are (-CH2-)Zor C=O; R11 is a hydrogen atom, an
alkyl group, an aryl group or denotes a bond with T
each z independently is an integer from 0 to 3; and
provided when either A or J is C=O, then B is NR11, O,
or (-CH2-)Z and z must be at least 1. 50. A
cross-linking agent of any one of preceding claims
1-34, wherein the crosslinking agent is a compound of
the formula: L-((-C(R 1)(XP)CHR2GR3C(=O)R4))mwherein L
is a linking group; R1 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl
group; X is O, S, OrNR8R9; P is a hydrogen atom or a
protecting group, with the proviso that P is absent
when X is NR8R9; R2 is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl
group; G is O, S, SO, SO2,NR10, (CH2X-O- or C=O; R3
and R4 are each independently an alkyl, aryl,
arylalkyl, heteroaryl, or an heteroarylalkyl group or
when R3 and R4 are tethered together via (- CH2-X1,
(-CH 2-XC=O(-CH 2-X, (-CH 2-)rS(-CH 2-)s, (-CH
2-)rS=O(-CH 2-)s or (-CH 2-XS(O)2(-CH 2-X,
(-CH2-)rNR(-CH 2-X; R8 and R9 are each independently a
hydrogen atom, an alkyl, aryl, or arylalkyl group; R10
is a hydrogen atom or an alkyl, aryl, or an arylalkyl
group; R is a hydrogen atom, an alkyl or an aryl
group; q is an integer from 1 to about 7; r is an
integer from Oto about 3; s is an integer from Oto
about 3; m is an integer from 2 to about 10; and t is
an integer from 1 to about 10.51. The cross-linking
agent of claim 50, wherein L is and R20 and R2 1 are
each individually a hydrogen atom, an alkyl group or
an aryl group. 52. A cross-linking agent of any one of
the proceeding claims 1-34, wherein the cross linking
agent is a compound of the formula: L-((GR3C(=O)R4))m;
wherein L is a linking group; G is O, S, SO, SO2,NR10,
(CH2X-O- or C=O; R3 and R4 are each independently an
alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R3 and R4 are tethered
together via (-CH 2-)q, (-CH 2- XC=O(-CH2-X, (-CH
2-XS(-CH2-)S, (-CH 2-XS=O(-CH2-)Sor (-CH 2-)rS(O)2(-CH
2-)s, (- CH2-XNR(-CH2-X; R10 is a hydrogen atom or an
alkyl, aryl, or an arylalkyl group; R is a hydrogen
atom, an alkyl or an aryl group; q is an integer from
1 to about 7; r is an integer from 0 to about 3; s is
an integer from 0 to about 3; m is an integer from 2
to about 10; and t is an integer from 1 to about 10. 


