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SKLECTI NG
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METHODS OF m@wl l\Q)UCING MODIFIED TOXINS,

CONJUGATES C D TOXINS AND USES THEREOF
PRIORITY CLATM AmA PPLICATIONS
Benefit of prmnqj\q TESI application Serial No. 60/965,977,

filed August 22, 2007, tg Hongesheng Su. Phili ggins, John R. McDonald and
Laura M. McIntosh, enm MF TING AND PRODUCING

MODIFIED TOXINS, mkﬁlC&DrNﬂ\lG MODIFIED TOXINS, AND

USES THEREOF,” and @Xpr@ apM@Senal No. 60/878,166, filed

December 29, 2006, to 0] hn R. McDonald and Laura
M. Mclntosh, entitled TING AND PRODUCING MODIFIED
TOXINS, CONIUGATLﬁEiﬂmL S]tg)IFIED TOXINS, AND USES
THEREOF.” CI_AI M A

This application [REF re/Aeq e[S application Serial No. 09/360,242, filed
July 22, 1999, now U.S. 3 IW i WHODS AND
COMPOSITIONS FOR %;\TINCTSEC NDAé;tTISSUE DAMAGE AND OTHER
INFLAMMATORY COi ISO! RS,” which claims the benefit of
priority under 35 U.S. CQEOIasOcEnI&mLhBA !)arSf International PCT application
No. PCT/CA%9/00659, f@n’ & P,lrmdy Ofpr@ Pharmaceuticals Limited,
McDONALD, John R. aUS)GGINS Philip J. entitled “METHODS AND
COMPOSITIONS FOR TREATING As:iéim T[SSUE DAMAGE AND OTHER
INFLAMMATORY CO! > and claims the benefit of
priority under 35 U.S.C. @ p(plL l!' ngatlolmal%ncatlon Serial No. 60/155,186,
filed on July 22, 1998, t(S@ R. M(@dnald am;hp J. Coggins, entitled “METHODS
AND COMPOSITIONS%W SW,RY TISSUE DAMAGE.”

This application $0 1Sfelrtef toéJ § application Serial No. 09/453,851, now
U.S. Patent No. 7,166,70; ﬂled Dcccmber 9, to John R. McDonald and Philip J.
Coggins, entitled “CY’ T gzOMPRISING A CHEMOKINE
RECEPTOR TARGETII\Q}W,, whth@a divisional of U.S. application Serial

No. 09/360,242, now UW‘@C,S’*‘A‘]@ ﬂkfgapplication also is related to U.S.
Su, Philip'
Cocai na,
Joint P.
McDonal d and
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09/ 360, 242.
Thi s
application

also is
application Serial No. 09/791793 owS Ij(jj Palent No. 7,192,736, filed February 22,
IIg ﬂlo LE

2001, eatited “NUCLIICR CODING CYTOTOXIC
coNTUGATES THAT\ONSMN A CHEMOKINE RECEPTOR TARGETING
AGENT,” which is a 4@ b sk afor®di No. 09/360,242 and U's.
application Serial No. (Bfé%pal I\b .

This applicationili ] ;(grg I U.Epfli?tion Serial No. 10/375,209, now

abandoned, filed Februiry 3, eatitled "METHODS AND COMPOSITIONS FOR
TREATING SECONDARY Jrl DAMAGE AND OTHER INFLAMMATORY
conprTIoNs aNp he@Rs athya cogidxa,ﬁon of U.S. application Serial
No. 09/792,793, U.S. a@l@@z@e’ﬁal No. 09/453,851, and U.S. application Serial No.
09/360,242. entitl ed

This applicationI plsoi d pligation Serial No. 11/361,977, filed
February 24, 2006, enﬁtlemagﬁspcoé&ﬁzom FOR TREATING
SECONDARY TISSUKDENKIHASIFTIHERBFL AMMATORY CONDITIONS
AND DISORDERS,” W YR confirfodfsy AT . INGSption Serial No. 10/375,209,
U.S. application Serial gmw}&wmon Serial No. 09/453,851, and U.S.

application Serial No. 0,
Where pem)jtt::ﬁt sgsugr of each of the above noted applications and
patents is incorporated %nM /
FIELD OF THE INVKRIFNER

Provided are melhoNpELAWg modified toxins that have
reduced toxicity. Also ided nf?emat have reduced toxicity, and
conjugates containing smﬁxm. ethods for producing such modified toxins,
or conjugates thereof, axL iddé\monjugates are used in methods for treating
diseases associated with@llima&d p'llxysiological activity of cells
involved in inﬂammatoWsP'fmielsh | S a

BACKGROUND H .
ont | nu t1on .
Inflammatory resporises are mediated by immune defense cells and associated

tissue residontial cells el dooumshte a8k site of tissue injury or frauma to id the body
appl i cation
Serial No.
: 0/ 375, 209,
u S
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The

nmol ecul ar
nmechani,sns
and the

of unwanted exogenous a; en]s (T &, microbes) and endegenous agents (e.g., cancer cell
clones); to clean up cellilar debris, an to participate in tissue and wound healing.
Unfortunately, the mol&l Q ge[ﬂugsawolved in these reparatory (inflammatory)
processes due to, for exﬁmed)ia i@uﬁn@iﬁte@:ﬁvaﬁon of leukocytes can initiate
secondary tissue damaq'e r“:}],e rur\zl(e)abu@ t:ﬁw pathogenesis and persistent
pathology of several mig dulatory diseases.

The molecular mec] msms and the cell ar and chemical mediators involved in

secondary tissue damagh, zlre §T§3Hg0t identical, in most inflammatory diseases of
man. Hence, various th%m%;n de‘a.{)cﬁo treat such inflammatory and
immumomodulatory dlsgsfs mr*tla ‘hesc mofcfﬁar mechanisms and/or other
common mediators. Fo le, therapeuncs have been developed that target specific
single biochemical events that occur at the cellular level (e.g., cytotoxic actions of
excitatory amino acids (lr rac Q‘I; volved with the pathophysiological
process of such mﬂamnlata ancrmﬁ&odulawry diseases. Included among such
therapeutics are stermds|su|:f| fs, I)ummto, )yredmsolone and its synthetic
21 aminosteroid (Iazaroya Felgaééeg é‘ig'laza@ thich act as oxygen free radical
scavengers. Beneficial side effects of sterpids are hindered by debilitating side effects, so
that long term steroid treal $not ah%

Therapentics alsdh@elbebn Q\u«%d to treat inflammatory diseases by targeting

specific inflammatory n:tdk'c@ fea}pl@@ troivﬂ%ors, or their receptors)
induced and/or involvedﬁ& W@phﬁ@@ﬁmc%s Included among such

therapeutics are Remlca%&f@ (mﬂm ab, a neutral dzmgtant ibody to tumor necrosis factor

Imical dption.

(TNF)-a), Enbrel® (etanercept a 50! ubp 0. recFitor), and neutralizing antibodies to
various growth factors L\Icllrdn@ @L ﬁbr&lutgl ascular endothelial growth factors

(McDonald et al. 20000k, l:4am)‘rﬁztilﬁel‘ngypeciﬁc, such therapeutics all

focus on a single compor jiplved in the pathology of the disease. Hence, such
Ip!

therapeutics typically oni]cﬂ/ldi,fﬂnﬁ UtWHT?ﬁeaﬁts due to the compensatory

nature of the inflammatory ]esponse and the existence of other inflammatory cytokines
and growth factors that au eﬁagaﬁg)aym the pathological process.

di seases by
targeting

t hese

nol ecul ar

nmerhani c ne
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SUMWARY

In sac

aspect,4
here is

Therapeuﬁcs at rowdc .a mgre comprehensive approach to treat inflammatory
disease and other con ad gﬁf tory component by targeting the
cellular mediators of mgds btng b@xdveloped Included among such cell- :
targeted therapeutics @Ith@ @euntztn GXu] m{fipty and that are able to gain entry
into one or more cells (Y.Fo txs resﬁlé in elimination of the cell(s)
Exemplary of such molecul% 4re any,sel forth Us. apphc.mon Serial Nos.
09/360,242, 09/453, 859 and 0@&}' ;93 now U.S. Patent Nos. 7,166,702, 7,157,418
and 7,192,736. Such :E.ugegm Q.Jgned to specifically and predictably target
cel] types associated vﬁﬂh@r ﬁl@tgyl and hence are useful for disease treatnient.

Fusion protein conjug%rn‘!mch 1shpst]cfg The toxin moiety in the conjugates,
however, limits efﬁcieﬁﬁp ctiobofthes es.  While such molecules are
krown and available, a need.exists to efficiently profuce large quantities for widespread

dissemination and use the objects herein, it is an object to

provide methods for ml)rmdll prfdllctlci aerLs ol conjugates containing the
toxias. ns i's a
SUMMARY— Shi ga t oxi

In one aspect, () @rbviie@ Inddi@d SI@{ toxin polypeptide, or active
fragment thereof, com;sS ' qr ] Snino acid modifications in a Shiga toxin,

allelic or species Vana]\t,tﬁ(?ﬁi caglﬁif[a]]y active fragment thereof, or active
fragment thereof, wherein: the amino f modifications are replacements of one or
ol

both of amino acid residucs a %ESI%]Q rﬂespondmg to positions 38 and/or 219 with

reference to amino aci(QaTIoral Sygt "IloxG a Lullumt (SA1); and SA1 comprises
the sequence of amino yids a@l‘th 111 SE@ID NO:22

In another aspett, Iheag)fmeﬂtte conjugate, comprising: a targeted agent
that is a modified Shigttch']e)r ae'veifdg’ment Wf, as defined above; and a

targeting agent, or a poaﬁ. of, wherein the conjugate binds to a cell surface

rnalization of the targeted agent in cells bearing the receptor.

ragnent
t her eof
wherein: the
allliDOraid
nodi fi cati on

c T wh

receptor, resulting in i



41,
f onnul at.i ng
In yet another apec{ﬁﬁdiprgimﬁ&te, comprising a chemokine

selected from among £39) [MCP-1, MIP-1a, MIP-18, RANTES, MCP-3, MCP-2, IL-

8, MIG, IP-10, I—TAq SPfhar SBF[Ht EIC Eﬁxin MCP-4, MCP-5, C10,

LEC and MIP-1b2 or atagment thereof, linked directly or via a linker to a modified

Shiga toxin or SA1 sul ereo or agve tgxgment thereof, as defined above.

In yet another Z t, therc is pI'QVI ed’ anucleic acid molecule, comprising a

gﬂ des)g(!onﬁgate as defined above.

In yet anoﬂlergsJelt,Qhere is provided a plasmid, comprising the nucleic acid
molecule as defined ad\le. sSesococC

Inyet a.nother,QireSQIidd @Es’c cell, §mprising the plasmid as defined
above. an i mmune or

In yet another Iism tﬂerama Mnyeutical composition
comprising a thempe@%@iiv{ o&iuc@ﬁﬁon or amount of a conjugate as
defined above in a phﬁggﬁﬁle fccattblévdicle.

In yet another ggpec © is provided a pharmacentical composition for
¥ W 3% X

sequence of nucleotid

targeting a Shiga toxin to a gelly wherein; the gomy osmon contains a conjugate as
geting 5 19 ?t Jug

defined above in a pharmaceutlcalgacc .taable A\ 1cl
es

In yet another Espect, 6 18 provlgd the use of a conjugate for formulation of
a medicament for ta}g@x@ ig; tognr to a cell, wherein: the conjugate contains a
modified toxin as deﬂg(ﬁlz@ln dﬁ relyurface receptor targeting agent to a cell
that expresses the targtteii cg gr(}eeceptor, or the conjugate is a conjugate as

defined above. d am g e
In yet another ag:tgberls Pr(aiede ﬂnposiﬁon as defined above for use

as treatment of an im:we Qf ilﬂammatory disease or disorder.

In yet another thnrv me composition as defined

above for formulation lof a nled cament for neaunen of an immune or inflammatory

or a

disease or disorder.

In yet another a@'p_Q:t, ere is provided the use of a conjugate as defined above

for m gration of
nne no rote
cells; the
eoni ngat e

hi nAdAe + N Ao
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formulating a medicaw?ir?ibit‘g a disTseﬁrésfgﬁcr, wherein the disease or

disorder is an immune or inflammatory condition assoclated with inflammatory
responses and/or secondary tSsue damage associated with activation, proliferation and
migration of one or ereIaaﬁs; rh Qlﬁ(dto one or more cell surface
receptors expressed mi oﬁ(tr nfQre cells resulting in internalization of‘the targeted
agent in cells bearing ﬁa@fr;éfczinjaate fhbtr the activation, proliferation or
migration of one orm%e)c?lb,r eS S | O n ’

Provided hereix&mehnbftr production of therapeutic molecules, and the use

of modified toxin conjgys ddlau)rs associated with the pathology of

inflammatory or immupomot éﬂalory 1seases ‘or cdnditions. In particular; provided are

modified toxin polype; :lel, ‘conjugates containing the modified toxin polypeptides and

methods for generaﬁn@ﬁ Be@!‘nﬁl)diheyoxin polypeptides. ‘The modified toxin
polypeptides (and/or cajpg@s containing them) exhibit rednced toxicity in host cells in

which they are expressélggpn‘nué gpgsga)f hlﬁer Ievels compared to toxin
A

polypeptides not so—m(I;l modlﬁcatlo s occur in the primary amino acid

sequence of the polypepti
Provided are m;Elh&f selection or identification of a medified ribosome

inactivation protein (RIB)@1ac@ @iitipn @ fement thereof, that are identified by
virtue of expression in nhetlcelzfﬁﬂs. IT pﬁi@lk gp methods select for RIPs that
have reduced toxicity tf thé li‘iast c?l (ﬁméamd to the starting RIP protein used in the

t oxi ns t hat

are

expressed,

and t hen

expands the

cells that

expr ess

toxins with

reduced

toxicity to

perm t

AVNYFr occl AN
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are not
limted to,
selection methods herein. %&u@ﬁw ntetlﬂi)@*ovnsd herein, a nucleic acid

encoding a RIP, or active r@x@: eof, is introducing into a host cell(s), the cells are
grown, cells that grow are g Eid, mrmio cells that grow a cell expressing
a RIP is isolated. The methods protlled hergin can be performed such that the cells are
grown in medium that doe:iu %Sl.lamra] selettive modulator, for example, an adenine
analog such as meopyr(zcﬁs,trd]pyzaime (4-APP). The methods provided
herein can further include v@b of@eaﬁgith’qaﬂs that expresses a RIP, In one
example, the RIP expresse isplated cell is 1denﬁﬁed, isolated or purified. The
RIP can be identified by itg sequence of 1t§<moleclilar weight. In some cases, the RIP can
be identified by sequencmj wded & Mems Q)duced by the methods.

In some examples m}d&,ﬂﬁ I:elnvylth nucleic acid encoding a RIP are
grown in the p of aelbtbn 3 WEEX&CHV& modulator can be a RIP
inhibitor; for example, an Eﬂlal?g Tlile enmamalog can be 4-aminopyra-
zolo[3,4-dlpyrimidine (4-APE). sing a selective modhlator, such as a RIP inhibitor,

lll dzﬁol)centmﬁon is chosen such that it is

for example, an adenine an! c
not toxic to the host cells. @kome aspects, the concentration is chosen to inhibit toxicity
of the RIP on the host celeteqe qu@@ Peiin]lqi_ﬁou of toxicity is sufficient to
increase the amount of RIE eSS ared to the absence of the RIP inhibitor,
adenine analog, or 4-APP. ‘For example, the toxicity e RIP is inhibited by 0.1%,
0.5%, 1%, 5%, 10%, ]5%,% 9)% Q) , 50%, E{)l]@%, 80%, 90%, 95%, or 100%.
Where the RIP inhibitor is h—ﬂf., e Wﬁo@:ﬂnﬂbﬁm used in the methods
herein is about or is 0.1 m]fl]tUi@v*t og|0 le/I F&e}ier dalbxtors, suitable
concentrations can be detegirfttataf i rb}ﬁﬂ' e to 4-APP. In some
examples, the concentration of 4;APP is hetween apout oris 0.110 2, 3, or4 mM, or is -

0.2,0.3,04, 05,06, 07 u:b in plw the concentration of 4-APP is
about or is 0.5 mM. Or an aCt | ve
Hence provided ar: m of toxins with reduced toxicity and also
methods for prodnction ofto oS i q:l toxicity. The selection method identifies
toxins, normally, when nucleic acids encoding

toxins that have a reduced toxwlty S‘T']
an

aspect, the
i nt roduced

nucl ei ¢ add
Cﬁ{a’lal:dél-gFT LRIl F o1}

‘subunit Al
({ A1 Anf + hoe
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20 expressed
chenoki nc

( PECK)

cut aneous

them are introduced ins bac! ig fer gxpression, are not expressed, but generally are
expressed a low levels. The selectton methad looks for the toxins that are expressed, and
then expands the cells @at r[ss ged toxicity to permit expression.
Also provided are proﬁ:hr&nfﬁﬂsl,(vlbi&]iﬁnother way to select for mutants by
owing the cells in th ibitor, such as 4-APP, typically a low d
growing the cells in (px@tcﬁ@@ i typically a low dose

form of 4-APP, which ﬂdﬁftmhlgs ﬁeéxgh H%ogtﬁ'city, and results production of

toxin and also mutants tha.t retai éooi deal of toxicity, but not as much as the wildtype.
Thus the metho o s its the identification of toxins with reduced

toxicity. Such modlﬁee@ilstarhs&dllceal higher levels than the wildtype.

In the methods of prod@thl@]ﬂ@k I’“‘Iﬂb@ or modified, can be expressed in the
presence of 4-APP (gemher COIX ira i ed in the selection methods)
to render the toxins lesscxic ITa odlffd toxj eg)ﬁed in the selection method
already is less toxic than wil , the presence ol P will further Emit the toxicity,
so that more can be proé Sdcom: dfype or the mutant in the absence of 4-

APP or that a lower corlceﬂ{tl(@df #A@ @ Msem In all instances, sufficient
toxicity is retained to rﬂiatélfx %:Itme for use in the methods. The toxins are so

toxic, that even with a }(Tge r%g é [ jn the % 1 such as reduction to 1%
or © erem

toxicity, they are sufficiently toxic he m
In one aspect, ﬁ r[machth that the host cell is a
eukaryotic cell. In anot&ﬁt)ect, lée ﬂgst cL M)th’c methods herein is a

prokaryotic cell, for exztyqie,é. &S t an d
In the methods ids epeRds the introduced nucleic acid
Ry ety

molecule can be a type I RIE, or an fragment thereof. For example, the RIP used
in the methods herein 1 lge H;Q A d[alx in 30, dianthin 32, lychnin,
saporin-1, saporin-2, sa{mBi, %M)saponn-i saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II;fP‘fP-a,eif’-ii ](jm nﬂeﬁn dodecandrin, bryodin-L,
bryodin, bryodin II, cla B:ollcm~2 luffin-A, luffin-B, luffin-S, 19K-PSI,
15K-PSI, 9K-PSI, alpha(;k:rﬁll\l beta-lanlowm gelonin, momeordin, momordin-II,

P;

rot@ hﬁp%, alpha-momorcharin, beta-

momordin-Ic, Mirabilis

chenoklne I
(BCA-1), and
allelic or

Nnoarl oac
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25 nucleic

acid -7
momorcharin, uichosmﬂﬁzelm@m}iolﬁgaﬂaai{l? 1, barley RIP II, tritin, flax
RIP, maize RIP 3, maize RFRY, rﬁaze RIFC¥usperin-1, or asparin 2.

In other examples oatenteti:o‘y@lded herein, the RIP aucoded by the
introduced nucleic acid molecple is a type I RIP, the catalytm subunit thereof or an
active fragment thereof. For exainpl tﬁ the methods herein inclhude, but
are not limited to, Shiga tofin M@ sk t{;xin 11 (s62), volkensin, sicin, nigrin-
CIP-29, abrin, vircumin, mpdﬂ:@, ph@:dv@]e:d ebultin-y, or porrectin. In one

aspeot, the introduced nuclfmﬁ:f eﬁod or an active ﬁ‘agment thereof.
In another aspect, the mtroduced ucl id encodes subunit A1 (SA1) of the RIP Shiga
Toxin. The SAI can be F:.I:ﬁnﬁe, the SA1 can be truncated by deletion

of1,2,3,4,5,6,7,8,9, 1G1€Jr 1h Sitigu@d a@ho acids at the N- or C-termins. In

another example, the SAL W@bﬁtrﬁﬁdﬂeﬁt of fys with another amino

acid such as Ser. Exemplaty ﬁrécl wp?d ﬁ‘Q éost cells in the methods
god A

provided herein are nucleic agid mol e§£ E ‘having a sequence of
amino acids set forth in SE! 2 of MQID NO:24. For example, the SA1 can be

encoded by a nucleic acid ho%'wbﬂm!tg s whose sequence is set forth in SEQ
W
mNo:23or sSEQDNogYCh t hat
In the methods pro 'dﬁ i q ltd by the introduced nucleic acid
THEERD O

molecule can be conjuga Tpand to form a ligand-toxin conjugate. The RIP and
ligand in the conjugate m directly via a covalent or ionic linkage. For
example, the RIP and hgalld mmm V£ alBrer subh £ a peptide, polypeptide or
an amino acid. ExemplayQi@ijni@ S @ﬁet lipkry Typically, the ligand-toxin
conjugate is a fusion prote'a ear e hl
The ligand in the ligand-toxin cony oan be a ghemokine receptor targeting
agent, a non-chemokine A a!h Tw r, an antibody specific for a
cell surface receptor, a TNt"‘ na'mleiga and JPsﬂBm recognition recéptor (PRR)
ligand. In one example, frt: liga@ is W hﬁ dtSas VEGF. In another example,

the ligand is a chemokine tor iar ? é $ emokme, or a fragment of
o a chemokine receptor, or &

the chemokine, or an antlbodF that sj demﬁca

hereln, the

rolls are

gr own under

COHAETtTors ==
where a RIP

Ar Aarti o
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fra; t of ibo SAl haVI Il;-] tha hy i Whe
Lheg;::al:ldolsa;a:;b o(é § tl f) e chemokine receptor. G

£E monoclonal jbody, or an antigen-specific
fragment thereof. Exe@m oﬂgockaagnlnbdl are those that are specific for an
antigen including, but St@+dited of, @4rE),Bs, ka1, cxer-2, oxCR34,
CXCR3B, CXCR-4, c@Equ_{g_ngRN(@-l CCR-2A, CCR-2B, CCR-3,
CCR-4, CCR-5, CCR—6Z‘6R—76?R-8 gZE(?CI}I(BX.’sCR 1, and XCR1.

In an additional le, igand okine. Exemplary of chemokines in
the ligand-toxin conjugmwzl ge ‘methe QeLm include, but are not limited to,
monocytes chemotacﬁc%é{eﬂl"[@i: Eycrd l\hﬁ MCP-4, MCP-5,
eosinophils chemotactx@ﬁ@j] LB Pb@n-z Eotaxin-3, stromal derived
factor—lB, SDF-la, SD]‘eZﬁ)er@#elﬁlbmtyyotexaa (MIP-1a), MIP-18, MIP-

v, MIP-2, MIP-201, (.3;3 I\g’é NB’JI MIP-5, Regulated on
Activation, Normal T cell Expressed and Secreted (RANTES) protein, interleukin-8 (IL-
8), growth regulated pl‘J;Ilp ((x%&a_lf,l iLte_gemn—inducible protein 10 (IP-10),
macrophage-derived ch&ﬁ’im ﬁ\/[ai), Mﬂl[a}gchemotactic protein 2 (GCP-2),
epithelial-derived neutrm@illa%ttein ’d@\@-‘m), platelet basic protein
(PBP), gamma interferovmlﬁg‘x@okine (MIG), platelet factor 4 (PF-4), hemofilirate
CC chemokine 1 (HCC-1), thymus and activation-regulated chemokine (TARC),
lymphotactin, lungkine, Sl? ger»e xpressed che: ie (LEC), exodus-2 (SLC), thymus

expressed chemokine (T&ﬁ), cutmj eom -Je gtrac&ng‘}lemokmc {CTACK),
mucosae-associated epit@E@mdkiBMﬁ@pgle C motif 1-f (SCM-18),
interferon-inducible T- c? %ha @W@E@T"l‘:@em and kidney-expressed

chemokine (BRAK), fra yne, 2@ cell-aff g chemokine 1 (BCA-1), and allelic
or species variants thereof. In one exa.n'xplc W e ch kme is any of MCP-1, Eotaxin-1,
SDF-18, GRO-a, MIP- IE ?IP—HE El MDC MIP-1a, and BCA-1,
and allelic or species vat&ts thereof. In another example, the chemokine is MCP-1.

Exemplary of a nucleic Wer@dlmnq to@Pnjugate is a nucleic acid molecule
encoding a ligand-toxin W%\W’ﬁ@ dquence of amino acid residues set forth in
herein, the
R P
inhibitor is
an adeni ne

E aAanal Ann
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Conj ugat es
that cgntain
one or nore

SEQ ID NO: 38 or SEOrID Ne:@. <§ snch a nucleic acid molecule are those
having the sequence set forfh as in § }EO: 37 or SEQ ID NO:39.

In one aspect ot&h@sgthg@;el!\, tm @nﬁﬁed RIP contains a mutation
compared to the RIP ena@i@m i guced w&hi lecule. In the methods
provided herein, the ideai@d RIP is assessed for its toxicity. The toxicity can be
assessed by assays inchEiﬁ, é‘%ﬂlied ﬁ, é)fot?n énthesis assay, a depurination
assay, and a cell growth/viability assay. Typically, the identified RIP retains toxicity
compared to the RIP engogipy hQn[.mfiuced nucleic acid molecule. The identified
RIP retains 0.5%, 1%, 26,00k, £} 65K, dve W%, 9%, 10%, 20%, 30%, 40%, 50%,

10/ 0, 9, 19, 1
60%, 70%, 80%, 90% of sjorg Y@l |

Also provided iry-thg thdélfrein are additional steps to produce the identified

RIP. Such methods inclq‘]e introducing jm\clcic acid molecule encoding the identified

RIP, or active fragment e!reorfh%gh = ceY(s), ixQuEaling the cells in the presence of a

RIP inhibitor, wherein tV hm&nt BRIP inhibitor is selected to decrease the toxicity of

the RIP polypeptide; an{[_gtovﬂlkﬂ@cﬁlls’ undet c@fitions, whereby the RIP or active

fragment thereof is prode:ﬁ. é‘he %Plcan bnaﬁ'?edéxch that, generally, the amount

of RIP expressed or purified or both is ateahan in the absence of the RIP inhibitor.
YALgere

The methods provi So ¢an include a further step of preparing a
conjugate containing mﬂgﬁﬁ ;.H.Sln ﬂ@r[etﬁds provided herein, the methods
also include synfhesizinplre @Mﬂecd]e dc_onjugite Edntaining the identified RIP.

Also provided herpimig ajmeth cropgmg production of a ribosome
inactivating protein (] ég;ﬁt‘:jtﬂa‘egr g%ﬂ ’Such methods allow for efficient
production of RIPs, or conjugat con%‘mgg; s, for example, to provide for a viable
source of such conjug; Dgr e\ésl i ,p its. In the methods.of production herein,
nucleio acid encoding 2 RUEF 43 fragment thereof, is introduced into a host cell.

The cells are incubated @ {T PYbege PfFR® tnhhie, such that the amount of RIP
inhibitor is selected to dfcr t.re iy . In the methods of increased

production herein, the cells are grown under contitions where a RIP or active fragment

thereof is produced. n gt‘iegs';[p gge@(@& pﬁd;mﬁon includes a step where the
(receptor

to-goting
agent) ., M,
and

(+ Aar Aot oA
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1( Eot aki n-1)
RIP is purified. Typically, tEﬁltura)fRF Wres?i or purified or both is greater

than in the absence of ti{ﬂi inhibitor.
In the methods qu)n(pl' \ned h§dn the RIP encoded by the introduced

nucleic acid molecule OSIQ%JI or an active fragment thereof. For example,
the RIP used in the med)@ "eri:mv@c@ but are not limited to, dianthin 30, dianthin
32, lychnin, saporin-1, fa;a:c% wn& saann—Eaponn—S saporin-6, saporin-7,
saporin-8, saporin-9, P. 1, PAP-R, PAP-S; PAP-C, mapalmin, dodecandrin,
bryodin-L, bryodin, bryodm@c-lavin, colicih-1, colicin-2, luffin-A, luffin-B, luﬁ'm-S,
19K-PSI, 15K-PSI, 9K: Jp i in, beta-kirilowin, gelonin, momordin,
momordin-1I, momordilIVGH6 B Wgram (MAP), MAP-30, alpha-
momorcharin, beta- monfloﬂnlrxﬂ tbklostmﬂnrly—%) trichokirin, barley RIP I, barley

RIP II, tritin, flax RIP 1ze RIP X, asparin-1, or asparin 2.

In other examplts method of P oduc pr ided herein, the RIP encoded
by the introduced nucleke L&S ol uglgi'p M ¢ catalytic subunit thereof or
an active fragment ther€of. Fl)r Q:xaple, Wﬂse&ﬂ.\e methods herein include, but
aCrIeP nzo; lmbu%ed t('), Sbjgwm)za?-hke tomevII I(3Stx2:1,t;olke‘zlrsm, n<:: mIgrm-

-29, abrin, vircuny in,cpulitin-a, gyl -y, or porrectin. In one

aspect, the introduced nucleic ach %1? M g)r an active fragment thereof.
In another aspect, the intfotuce: lelc acid Ericodes subunit A1 (SA1) of the RIP Shiga
Toxin. The SAl can ancEE)'Foayample, the SA1 can be truncated by deletion
0f1,2,3,4,5,6,7,8, R@g@jz @tiz@g}mirgdoys at the N- or C-terminus.

In one aspect, thﬂe)tﬁf evxa Sbl ﬁnooded by the introduced nucleic

acid is modified. In onmn Ie the jAl cap-be modified by replacement of Cys with
as der. ther e ple the SAI is modified by replacement

another amino acid such
of one or both of positictxls@i or bosition 219 with reference to amino acid positions in an

SA1 baving a sequence Ma@@%d SEQ ID NO:22. For example, the
amino acid replacmentMs@é%}%W{eﬁﬂA, In one example, the

amino acid re'placementg gepta . . E; lary of nucleic acids introduced

into host cells in the methods prov1de|:d_ ereid are nucleic acid molecules that encode an

pr ot ei

i nl cal euki n-
8 (W 218),
growt h
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t he sequence

of am no

aci ds set:

forth act
SAl having a sequenc a‘%‘y ds scit f %@O 26 or SEQ ID NO:28.
For cxample, the SA1 by a nuclgic acid mdlecule containing nucleotides
whose sequence is set 2 2’ SEQID NO:29.

n the methods &t [d@letidh }ﬂa&i herein, the RIP inbibitor is an adenine
analog. For example, tile ﬁei*e z‘r}z@ke Saminopyrazolo[3 4-djpyrimidine (4-APP).
Generally, in the meth(ﬁsﬁ' eﬁduftuin le\'afhfi c(ﬁ:ﬁh‘atmn of the RIP inhibitor,
adenine analog or 4-APP is chogen sugh that it lS effective to decrease the toxmty of the
RIP by at or about 10%; O%,ajt%, I%, 60% 70%, 80%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, G boti, @ Bofd. %d ¢ K inhibitor is 4-APP, the
concentration used in tg metno@ herg mboﬂ @is 1 mM to about or 40.0 mM. In
one example, the concwn of 4-APP is between about or is 2.0 mM, 3.0 mM, 4.0

mM, 5.0 mM, 6.0 mM, 70rn58 mM90mM 10 , 15.0mM, or 20.0 mM.
In one aspect ane e hods 0! pn()%\.!:llon §0v1 €d herein production is in

cukaryotic host cells. I&mgr asQ&, protgc;le s+in prokaryotic host cells, for
example, E. coli. AnD n g
In the methods mﬂcfmf hiare'e atndi:cf@lﬂ;ent can be used in the

methods of production sych thatithe RIP polypeptide is expressed after induction with an
induction agent. The ix§uction agent gan be IPTG. The RIP inhibitor used in the

methods of production QxQASaL bt allde@bgé, du;??xﬁnd/or after the addition of the
induction agent. an d/ or 2 1 9
In some aspectsa?r nﬁthoz* oh@sﬁex herein are used to increase production

of a conjugate contaim':tg zﬁlgtln such methods, the nucleic acid molecule that encodes

the RIP includ of nucleotides encoding gzhgand, whereby the molecule

e
encodes a ligand-toxin (erué;teo'ﬁ %Ip in the conjugate can be linked
directly via a covalent & iddic 11].1;@8?1 t‘lample the RIP and ligand can be joined
via a linker such as a pe@lﬁ,d)lyp@tfde or an amino acid. Exemplary of a linker is an

Ala-Met linker; the Meriglﬂad as thrﬁréodon in the linked polypeptide.
ically, the ligand-toxin conjugal is a fusiop protein.
R e R AT T i e d ™
Rhi ga t oxi ns
I ncl ude
submt A

For exanpl e,
+ho rnAl £ aAd
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| C exanple,

the |igand

is a growh
factor such

Conjugates thata:gam W@Frecept'r trﬂFetmg agents, ‘such as

chemokine-receptor tar etm 1 & r directly or via a linker, to one or more
targeted agents are prov1 e pamcgh , conjugates provided herein contain the
following components: Q&]@‘m g agens,., ﬁand (targeted agent)y, in which at
least one receptor mrge'mk ag&m}ds a dec@or lighnd or receptor-specific antibody,
or an effective portion @th @‘I’mk‘fb‘fl}'@(ﬂ") linked directly or via one or more
linkers (L) to at least o tég& crs to a linker. Any suitable association
among the elements of the con_]uga 1s cqntemplated as long as the resulting conjugates
interacts with a mrgetecﬁ mQ-xglmnon of an associated targeted agent
is effected. In the conjl&geﬂtcd heglufa‘ &eted agent is a modified toxin, such
as a modified RIP, ora &@ fraaent thereof. The toxin or fragment is modified in its
primary amino acid seqk\fticfévihrﬁ is lﬁ éxnc 1o host cells in which it is expressed
for production thereof than the unmodified form théreof. The toxins or conjugates are
modified by the methodpprowde erein.

The variables n fnJ m&%ﬁt or thr and q is 0 or any integer. The
variables n, ¢ and m a:etseh@ such that the resulting conjugate interacts with the
targeted receptor and a E‘%% Rtiterﬂlgd by a cell to which it has been
targeted. Typically n is between 1 and 3; q is 0 or more depending upon the number of
linked targeting and targéted agcp and/or functions of the linker, q is generally 1 to 4; m
is 1 or more, generally ﬁ:ﬂtwhe ¥ one targeted agent is present in a
conjugate the targeted ateth &t be the same or different. Similarly, when more than
one receptor targeting asrp@reerlt ft tlle eraqatt‘f; ﬂyy can be the same or different.

The conjugates ]'ld grén cat be prodyced as fusion proteins, can be
chemically coupled or inclyde a fusion protein portion and a chemically tinked portion or
any combination thereoph sfgelrem receptor targeting agent is any agent,
typicaily a polypeptlde,rth&ﬁ&pt( lﬁrac'gs with@ceptor, such as chemokine
receptors on activated lc&oc#&q‘aagwmcﬁng with the receptor,
internalizes a linked or 'seﬁﬁciated targeted agent, such as a toxin, intended to

be internalized by the targeted Ce]
I body,

mhereln t he
f ragnment
bi nds to the

~hoar anlsi noa
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Anmong t he
conj ugat e
provi ded
herein, arc
The ligand in t]:t Iigﬁj-gxe conqua‘m be a chemokine receptor targeting

agent, a non-chemolq o é one, a gTw‘lf] factor, an antibody specific for a
cell surface receptor, amily llgand and a pattern recognition receptor (PRR}
ligand. Inone exampl&}lellrg factor such as VEGF. In another example,
the ligand is a chemokifie @&t @deﬁﬁ‘g Beds: such as a chemokine, or a fragment of
the chemokine, or an mttﬂ*yfl&ltat sp%(icah ﬁlds t) aOhemokine receptor, or a
fragment of an antibodbvﬁe in gm ings to the chemokine receptor. Where
the ligand is an antibody, if can be a oclonal antibody, or an antigen-specific
fragment thereof. Ex by ﬁ7§1es are those that are specific for an

antigen selected includﬁuﬁh limited to, (DARC), D6, /CXCR—I, CXCR-2, CXCR-
3A, CXCR3B, CXCR-ECKER A, [FEHKG PIR-@. CCR-2B, CCR-3, CCR-4, CCRS,
CCR-6, CCR-7, CCR-& GRS 06)f3§-1 and XCRI.

In an additional .exam; le th halnd isa dﬁ‘dﬂ e, Exemplary of chemokines in
the ligand-toxin coujugatcn di m &ds he

monocytes chemotactidkbie® 1 (VM) Mcp-2, MCP-3, MCP-4, MCP-3,
eosinophils chemotactl* pjotm(qot@d), ]iotz@n’-Z, Eotaxin-3, stromal derived
factor-18, SDF-1a, SDB)(@R‘;age inhibitory protein lo. (MIP-1at), MIP-18, MIP-

Tude, but are not limited to,

1y, MIP-2, MIP-2a, M P 3B, MIP-30; MIP-4, MIP-5, Regulated on
Activation, Normal T ¢ Secreted (RANTES) protein, interleukin-8 (IL-
8), growth regulated prmgmerfaommducihle protein 10 (IP-10),
macrophage-derived ch cyte chemotactic protein 2 (GCP-2),

epithelial-derived neutral@)FAtmg protein 78 (ENA-78), platelet basic protein
(PBP), gamma mterfer@Wme (MIG), platelet factor 4 (PF-4), hemofilirate
CC chemokine 1 (HCC mgd actzvanon-regulated chemokine (TARC),

[ve:

lymphotactin, lungkme r<exﬁressed chemokine (LEC), exodus-2 (SLC), thymus
expressed chemokine cous T— ting chemokine (CTACK),

mucosae-associated epmA‘ne (MEC), single C motif 1-B (SCM-18),
interferon-inducible T—oam%ﬂl‘ 'AC), breast and kidney-expressed
chemokine (BRAK), Wd B cm chemokine 1 (BCA-1), and allelic
CURS, CUR?,
CURS, CURS

XCRlI and 20
NO22D 1
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activity of
secondary

or species variants thereof.t IIl 01§ eﬁﬁl&l)@, the chemokine is any of MCP-1, Eotaxin-1,
SDF-18, GRO-0,, wr-16.6a FRGE, -6 REY, MiP-10, and BCA-1,
and allelic or species variatw Ithm In another example, the chemokine is MCP-1.
The toxin moiety ui igand-taxi duepte :y Shiga toxin, catalytically
active fragment thereof, or activg fragment thereof. For ex ple, the toxin moiety in the
ligand-toxin conjugate prodnc L dathods herein can be SA1. The toxin moiety,

such as SA1, in the hgand% anuia{ A/ d mdl@«d)xm Exemplary of a
nucleic acid encoding a hgheqkleqnjﬁate ]'rogced athe methods herein isa

nucleic acid molecule en jflgate having the sequence of amino
acid residues set forth any of S! F]]L OS 42,44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
0]

or 67. Amongsucha nucILer L’elthngvm@le sequence set forth in
any of SEQ ID NO:41, 43dsl BLRASHs, DI, 61,63, 65 or 6.

Provided are modlﬁq '(OSI@M@“Y mo[hfﬂl RIPs, that exhibit reduced

toxicity compared to the sf vﬁ% F[hlch include wildtype and
variant RIPs. Included am Bh modlﬁed xms, or conjugates thereof, are any
identified in the methods lzﬁA

Among the modinidd Exﬁsatwasd’negm aﬁxﬂdiﬁed Shiga Toxin

polypeptide, or active ﬁa@eﬂ iheﬁoa_t‘mt haoxfe or more amino acid modifications in
a Shiga Toxin, allelic or sgcﬁ ﬂgr of catalytically active portion thereof, or
e modification confers reduced toxicity. In one

active fragment thereof, sych that
example, the one or more b@o d Qgicahons are replacements of one or both of
positions corresponding tﬁusﬂak 3SRk S Bith @ffence to amino acid positions

in Shiga Toxin Al subum(ﬁAgwla sc;\‘ence of amino acids set forth in SEQ ID
NO:22. The modified Shif Vi erein haye at least about 40%, 50%, 60%,

T0%, 80%, 90%, 95%, 96%, 97%, 98%, 99% skquence identity to the polypeptide having
the sequence of amino aci et% @ 1@ in @({ID NO: 22 and that includes
modifications at loci corrg})mﬁm axdlb mkl positions 38 and/or 219. Among

modifications at pomhonspShlaft 219 Fregmse&zﬁmnﬁpond 1o L.38R and/or
V219A. The modified Shiigaltﬁﬁmlée suBn:Ft A, For example, the modified Shiga
i nfl ammat ory
condi tion
~associ at ed
Wietpen cuser e = o
nfl amat ory
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20 In
one exanpl e,
the G NS
i-nfl ammat ory

toxins can inchide onlatliae SAl of igg:écgn, or an active fragment thereof. The SAl
can be truncated, For €xamp! ,%e cated SA1 can be truncated by deletion of 1, 2, 3,

4,5,6,7,8,9,10,11 aﬂQAg\Q& amino acids at the N- or C-terminus. Exemplary
of modified Shiga Tmﬂ@uuasodi@ g@m& of amino acids set forth in SEQ ID
NOS: 26 or 28, or is aa{lelic G{Fecies variant thereof.

Also provided axrmgrécfnjdgﬁimgmmmg a targeted agent that is a

modified ribosome ina,ptivatinglz:otein (RIP), such as any modified RIP identified in the

methods herein. Also Luﬁtﬁi Moqg!es <o 1Hn atargeted agent thatis a

modified Shiga Toxin,@ ot fdBh@H thereof, such as any modified Shiga Toxin as
ted above. jbegteqaty ie): tarpesi i f, that

noted above. The conjhg}temo {oretdx a@e@’agent, or a portion thereof, that

facilitates binding of tltclonﬁgeé d:ell Hrécaﬁptor resulting in internalization of

the targeted agent in cells bearing the receptor.
Among such conjlg HJth)ée'having the following componenis: (targeting

agent}y, (L)q, and (targlteﬁéehk..%m aﬁhfalinldng the targeting agent to
the targeted agent, the #a.rp a{m hyy’moiety that selectively binds to a cell surface
receptor, m and n, whicézﬁ 6lictfd Bifgﬁndéth iu-eﬁ least 1, and q is O or more as
long as the resulﬁng-‘;(;ﬁff blinds to the targeted receptor, is internalized and delivers
the targeted agent. ly, the rgulﬁn.g conjugate binds to a receptor that interacts
with and intemalizes a Mlagmtgfllertb)l thStargeted agent(s) is internalized in a
cell bearing the receptoadsrmﬁ@*s B ke@zﬁilyte contains a plurality of
targeted agents, the targstf $e1ﬁ e:mc or different. Typically, the targeted
agents are all modified rins P P toxin. Also, when the conjugate contains a
plurality of targeting agenis, the fargeting agents are the same or different. In one
example, m and 1, whicd‘ﬁ Q@Q Ldlpeﬁsnﬂy, are 1-6. In another example, q is 1,

ais2admisl.  CONPI €X,
In conjugates prAiFe%eh:ie ihewefng ageyt includes a receptor targeting

agent, such as but not lipaited g, egoénc receptor targeting agent, a non-chemokine
cytokine, a hormone, a growth factc;r, an anﬁ\)ody specific for a cell surface receptor, a
TNF superfamily liganm em§cogniﬁon receptor (PRR) ligand. It one

Syndr one,

chronic

fatigue

syndr one,

oncranhal 1 +1
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rise
tar get ed
cells are

t hose t ﬁ at
example, the ligand i 1sey<; aé)gtgx as VEGF. In another example, the ligand is a
chemokine receptor t: s c emokine, or a fragment of the chemokine,
or an antibody that specific § %h foa chem ¢ receptor, or a fragment of an
antibody, wherein the abnalbmdsa G:e%emokine receptor. Where the ligand is an
antibody, it can be a nuﬂlﬁnegwy, aatl a@ﬁhspeciﬁc fragment thereof.
Exemplary of monoclcinahmti%are thqﬁearare specific for an antigen including,
but not limited to, (DAT(%, és)é:é(ﬁp XCR-2, CXCR-3A, CXCR3B, CXCR-4,
CXCR-5, CXCR6, CXCR7, CCR 1, CCl CCR-2B, CCR-3, CCR-4, CCR-5, CCR-6,
CCR-7, CCR-8, CCRi &m XCR1.

Inan additionac:a'llpll, iy ligand is a chemokine. Exemplary of chemokines in
the ligand-toxin conju*atﬁﬁoiddw @rel include, but are not mited to, monocytes
chemotactic protein-1 tMﬁPé)g\@P-ZfVIﬁ—étdCP-{ MCP-5, eosinophils
chemotactic protein 1{Eotaxin-1), Eotaxin-2, Botaxin-3, stromal derived factor-1B, SDF-
1o, SDF-2, macrophage inhi n‘.o_ry protein 1o (MIP-1cr), MIP-1B, MIP-1y, MIP-2, MIP-
20, MIP-2f, MIP-3, r\/ﬁp%ﬁm I\@’n, ﬁIP-S, Regulated on Activation, Normal
T cell Expressed and S0k @@ﬁﬁﬁiwin, interleukin-8 (IL-8), growth regulated
protein o (GRO-r), infexﬁ@md&n Wi rgl’l’—IO), macrophage-derived

chemokine (MDC), grfu{jc‘yte Cw ﬁ‘pern gGCP -2), epithelial-derived

neutrophil-activating protem 78 (ENA 78), platelet basic protein (PBP), gamma
interferon-induced mmmkaMI(Q platelet Tactor 4 XPF-4), hemofilirate CC chemokine
| (HCC-1), thyms anDebh G resaBa HMRER (TARC), tymphotactis, fungkine,
C10, liver-expressed c@tﬁokinaltEC), WSBLC), thymus expressed chemokine
{TECK), cutanecus T—telmcting cejxfokine {CTACK), mucosae-associated epithelial
chemokine (MEC), si m CM-18), interferon-inducible T-cell alpha

chemoatfractant (I-TA reast and dey— ressed chemokine (BRAK), fractalkine,

and B cell-attracting cl '1), Helic or species variants thereof. In one

example, the chemokngla& 4&9}’- &‘otagq;l, SI@-’lB, GRO-0, MIP-18, IL-8, IP-
10, MCP-3, MIP-3a, l@n dIP- @X@R-l, and allelic or species variants thereof.
In another example, mﬂfllerglc’m%_s ’MCP-II.-h e

conj ugat e

for

treat nent of

AN ~ANnt 21 Ne
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2. Introducti
on of 'MIN Sr
The targeting agenmmMnjt)r@ﬁi herein specifically bind to one or
more cell surface receptor&toxhleqr :ererfmunf eﬁctor@us, or other cells
associated with an immungor & ato] g‘m . [n one example, the immune
effector cell or cellsis a leuko In another example, the other cells associated with
etk ARS.

an i or infl 5 r@mé a'.'I‘QS(TRC'). The celis
targeted by the conjugates Plovided herein include, but are not imited to, monocytes,

macrophages, dendritic cel&, 5@5, B’Fﬁ}lsmﬁl@rzophﬂs, ‘mast cells, natural
killer (NK) cells, and i T Iincl among macrophages are tissue macrophages
such as alveolar macrophages, nEfgha, and kupfer cells. Included among dendritic

cells are immature dendrittccell 3 atlﬁ@ldrﬁc@@,gll langerhans cells. Included

among T cells are CD4+ (ﬁ;t a* TE,fh2 or Th17 cells) and CD8+ T cells. Included

among TRC are mesangia_@e!]s,@( 3 @gbgu'l cdﬁpiﬂle]jal cells, tumor cells,

fibroblasts, and synoviocytes. 3| by the conjugates can be activated, For
ooy el e}

example, cell activation cah indug expression of ane or more cell surface receptors

targeted by the conjugates?
Among the conjugalted@ﬂt h&ref\, Ixre@&thdt target cell surface receptors
that bind to one or more c]glp}cines. Such chemokine receptors include, but are not

limited to, CXCR1, CXCRa: cx%xézt ix R?BEC)}(/CRAI, CXCRS, CXCR6, CXCR7,
CCR1, CCRZA, CCR2B, CCR3, . CCR5, CCRE, CCR7, CCR8, CCRY, XCR1 and
CX3CR-1. Binding of the Mﬁt receptor promotes iutema]izatioq
of the conjugate o & celi@epring ffe@br O | n

In the conjugates p@yqd‘lt:rﬁégafg%ng agent and targeted agent, or active

fragment thereof, are linkeé gcc%alm or ioﬁ'c linkage. For example, 2 modified
RIP and ligand in the conjugate can bedinKeq difectly via a covalent or ionic linkage. In

some cases, the RIP and liganld gla preJ wnaarLcll suQ as a peptide, polypeptide,
amino acid or chemical linfr. mry)s Lin3r s an Ala-Met linker. Exemplary of
a linker also includes, but @ Iinfted to, N-succinimidyl (4-iodoacetyl)-

aminobenzoate, sulfosuccipjmid ipdgacetyl)-aminobenzoate, 4—succinimidyi-

o N [N ATV

oxycarbonyl-o~ (2-pyridyld#thio)foluene , sulfosuct 1yl-6-(o-methyl-c-
rabilit

a
Nagar .

E. Exenpl ary
Modi fi ed
T2 pr == =
Modi fi ed 8AI
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d. O her

targeting

agents and

recept or
(pyﬂdyldithiol)-toluantdlﬁ]fx @tNgmcinimidyl%—(—Z-pyridyldithio) - proprionate,
succinimidyl 6(3(-(-2- dy1d1 nonamido) hexanoate, sulfosuccinimidyl 6(3(-(-
2-pyridyldithio)- propxonamldq }Qianoate 3-(2-pyridyldithio)-propionyl hydrazide,
Ellman’s reagent, dichl r(ﬁgutc QIE §i S-(2-thiopyridyl)-L~cysteine.

Provided herem@'5cl_ﬁgﬁka@1§ a sequence of amino acids set forth in any

of SEQ ID NOS: 44, 4%10 @tsﬁ, 5658 60, 62, 64 or 67.

Also provided Eﬁagertﬁl YS containing any of the modified
toxin conjugates provided herein, such'as any havifg a modified SA1. The
pharmaceutical compo: t1 s amnace!mcally acceptable excipients, and can be
formulated for any sultJaIJ ronmfﬁdﬂtli}tl'autn unﬁng, but not limited to,

systemic, oral, nasal, pl{:mpm@,m)a ami topical administration. Also provided are kits

containing any of the p}@aru;rﬁ! cl:m})oﬁ(Rsia dﬁ for administration of the

composition and, optionally, instructions Er administration.
Nucleic acid molecife! @nrg]a yyf thelcolzjuiates provided herein also are

provided. Also prowdeAgﬂlaa Qmﬁlﬂlglglb
containing the nucleic a@i’m(PchSO’r plas@cﬂ d ne

Also provided hg;E iU rnegtfl]cﬁtﬁtu* aé:a to a cell. Such a method

includes administering a conjugate, such as to a sam ls of:subject. The conjugate that is
administered contains a té rlg\ sugl as afy proined herein, and a cell surface
receptor targeting agent,r;ll h E&Q‘arm The targeted cell expresses the cell surface
receptor for the targcting. aieni. . a h er

Provided herein talmﬁ% étreaglantff Bb"ects having an immune or

inflammatory disease or % od of treatment, a pharmaceutiéa]
composition containing any of the con_yugate ﬁfrovxded herein is administered to a subject

and such that the composk mblkltg @) Jratgx,mngranon or physiological
activity of secondary nss&@.{m&&pm&ﬁ]ad%ory cells.

Also provided h%k e‘hoSof inhibiting a disease or disorder in an animal
or subject or treating an ng tﬁp ?sye or disorder, such as, a disease
or disorder that is an lmmune or 1i ry ciéam associated with inflammatory

ukocyt e
POp Ultliop
Modul at or
(LEM

At ti1 aAaat M

ic acid molecules and cells
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responses and/or secoxﬁary tissue damage associated with activation, proliferation and
migration of one or m(be cebty‘lhi,dnixm teim Tuﬁate such as any conjugate
provided herein. In the method, the con_]ugate Tt to one or more cell surface receptors
expressed on one or mgnells resulting in internalization of the targeted agent in cells
bearing the receptor thgabyBEbﬂldl'ua@taﬁLn,@mferaﬁon or migration of one or
more cells. In one ex@die, treatment is of a mammal. In another example, treatment is
of s humaz. cheni enl eonj

In the methods, the one or more cells can be an une effector cell, or other cefl
associated with the i ﬁfl@uﬁamry condition. In one example, the immune
effector cell is a leukc% tn :ho@ed&npl{ tKother cell associated with the
immune or inﬂammatliryﬁ)@iﬁo@at@@residemial cells (TRC). The cells include,
but are not limited to, pro@ﬁ Efﬁothiigebiﬁdriﬁc cells, T cells, B cells,
eosinophils, basophils, mast killer (NK) cells, and neutrophils. Included
among macrophages are tissue mag‘:}:‘ges such as alveolar macrophages, microglia, or
kupffer cells. IncludeP alQl:g &xﬂﬁ plf dke drﬁns dendritic cells, mature
dendritic cells, or lang?rhan:@e[ls. Included among T cells are CD4+ (such as Thi, Th2

or Th17 cells) and CD@@(HIF. {Tgiatmégkc are mesangial cells, glial cells,

epithelial cells, tumor el broblasm d synoviocytes. In some cases, the one or
Fll%at or exa.mple, cell surface receptors expressed on the
cells are upregulated O n al
Inone aspeét 0 etlﬂ()@@)ith% a(Jsease or disorder herein, the
conjugate inhibits the 1ctﬂaerr pelarsifear migration of one or more cells involved

more cells is actlvated Su

in a disease or dxsordelp)lph ted to, CNS injury, CNS inflammatory
diseases, neurodegcn lSO ers heart disease, inflammatory eye diseases,
inflarnmatory skin dms ases, & lJost Il]eases inflammatory joint diseases,

inflammatory kidney qlrena] dLe&s m:@tory lung diseases, inflammatory nasal
diseases, mﬂanunator;a;'s‘ﬁm dlsqqs @@etﬂ: in obesity and associated

diseases, infl Yy, , Y resp d with
bacterial or viral infectjons, cancer$, and angiogenesis-mediated disease.
aniresrti
ity of
t oxi ns or

conj ugat es
+hoarmd o fn
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Scl erosis

In one exampl bi rydiseases and/or neurodegenerative
disorders include, but are not Jimited to, closed head injury, leukoencephalopathy,
choriomeningitis, me: 511 ~adrenoleukodystrophy, AIDS dementia complex,
Alzheimer's Disease, ﬁﬂt nglmmmﬂ ﬁigue syndrome, encephalitis,
encephalomyelitis, spdg.if@@a@l@athies, multiple sclerosis, Parkinson=s disease
and spinal cord injuxyftraunia (81) rn acﬁenealﬁlbthe heart disease is
atherosclerosis. I.uﬂa ory gye di , include but are not limited to proliferative
diabetes retinopathy, pr?eratwe wtjiﬁ.napathy, retinitis, scleritis, scleroiritis,
choroiditis and uvemsd;llﬂﬁnmtmy- skin disges inchade, but are not limited to,
psoriasis, eczema and de*nﬂlf h'hamtrylb@l disease can include, but is
not limited to, chronicwliﬁ&ﬁlroltn:eif‘seas . ive colitis. The inflammatory
joint disease includes,fuhs é)t.luaf a¥ 0, juvenile rheumatoid arthritis, osteoarthritis,

rheumatoid arthritis sponylylarthrop: 1es such as, ankylosing spondylitis, Reiter=s

syndrome, reactive arthritis, ps 0 , undifferentiated
spondylarthopathies alld &hceZsQndrome The inflammatory kidney or renal disease
includes, but is not lmhea-t[m@'@ﬁephnus, IgA nephropathy and lupus nephritis.
The inflammatory lun; "seu*s hlt is not limited to, acute respiratory distress
syndrome, eosinophilie uc eosinophilic pneumonia, acute eosinophilic
pneumonia, bronchocuismctﬁixg:ﬁrﬁ ulmonary dysplasia, bronchoalveolar
eosinophilia, allergic t nm | Q.Qy pmgl].lOSQ | ia and fibrotic lung

discase. Inflammatory an G;SySeS Mludf tul B¢ not limited to, polyposis, sinusitis
and rhinitis. The mﬂa(:mito]}_/ ﬂp\f} dlse# includes, but is not limited to, thyroiditis.

The cancers include, bRT‘e atﬁr@?to, gliomas, atheromas carcinomas,

adenocarcinomas, mas, granulc lymphomas, leukemias,

lung cancers, melanongsl n&ﬁx@ §a§>mas, sarcoidosis, microgliomas,
meningiomas, astrocythl¥ pi@fenﬁﬁllﬁ& Eattﬂl: or stomach cancer including

gastromtestma.l cancer)\p*c@ay cancer, cervical cancer, ovarian cancer, liver cancer,

bladder cancer, hepatoﬁdrrasffﬂcf grn caﬁehrectal cancer, colorectal cancer,

endometrial or nterine carcinana, salivary gland carcinoma, kidney or renal cancer,

Adm ntstrati
on of
Cunmp.ilin.Co

Nt A1 NI 11
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Met hods of
Treal menl of

prostate cancer, vulvaﬂlcs@rmd canca H]ﬂic carcinoma, anal carcinoma, penile
carcinoma, and head a

In one aspect, isease or dlso Se ected is a kidney disease, spinal cord
injury, or a delayed m?eb)Jersgl vity Ui Qazg Ar n{s]o§er

In the method bf lteatment or inhibition of a disease or disorder herein, the
targeting agent of the @;@@\i intl]xgsaltt i@dGjimited to, MCP-1, Eotaxin-1, SDF-
1B, GRO-a, MIP-1B, l‘!{FhIP-lio %f MIP-30, MDC, MIP-1a, and BCA-1, and
allelic or speciés variapts f and the targeted aj ent 1s a modified Shiga Toxin. In

Ln gent is NEII xemplary of conjugates include, but are

one example, the targe! aj

not limited to, LPMt Tiihdl MJPI@,@I&&PMS, LPMS, LPM7, LPMS,
LPM9, LPM10, and L&/Isstcﬁmwnda sequence of amino acids set forth
in any of SEQ ID NOq' 4ﬁf4 |46{1W f4 iSGG?‘ng 62, 64 or 67, respectively.

For example disease can be multiple sclerosis (MS). For such embodiments,
the targeted cells are those xpress receptors that arg upregilated in MS. For
example, targeted celm og Exabéir«!sstt:lpnlrs selected from among, for
example, one or moreﬁuch as one or at least two, of CCL1-8, CXCL8-13, CCR1-3,5, 6

and CXCR1-3, 4., Theicolqléat*: falnqjmt)f NWS a targeting agent, such as

a chemokine or fragmx reof S! cxent for binding and intemalization of linked
(directly or indirectly) (5, 1l alized by such receptors. Hence,
for example, the con]uvatZCl:inlﬁimgg igment thereof sufficient for
binding and internaliza Lionf/ a]realmr; bnHEEhemokine, for example, is’
selected from among, 2 exan{S-FIEIHCEHBHP@, MIP-15, RANTES, MCP-3,
MCP-2, IL-8, MIG, IPW éAIC @é EH-F-IB, &C‘g—l , an Eotaxin, MCP-4, MCP-

5,C10, LEC and MIP-1b2, E; empl of such conjugates is LPM1d.
In one example Of the methods herein, the targeting agent of the conjugate
contains 2 PF-4 or aIlJ-;elor Qlu; vallmtl tthLf,H&he disease or condition is an

anglogenesns-medxatsd-ﬁh@ m@l@fr example, @ targeting agent of the conjugate

is a VEGF or allelic orﬂ)fdg‘aﬁﬁhutofm (ﬁcase or condition is an
angiogenesis-mediated élsease

8hj ugat e.
(1. LPN's)
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Methody{th Inc; lypeptides, or Conjugates thereof

Additio Methnds to Increase Prolcl roduction
In vitro 3?5 gasure activity of toxins or conjugates thereof
1. n vltm CtIvil

Cga j; ity Assays
g Assays and Internalization
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bre AL A Py e
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Se ngzrmsgjﬁlﬁm mune disease
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T e

Patholegical inflammation

2. late Therapeatics and Limitations Thereof
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Uls 1f Ligand-Toxin Conjugate for Treatment of Selected

Djseases or Dlsorders
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Hypersensitivity
infection and S and infections with other pathogens
t e 0% 106‘& Disease and Autoimmune Disease
ulmonary Disease
@ rl ther Disease mediated by Secondary Tissue Damage
‘ombination Therapies

E“'"P'sm entific

DEFINITION;
Unless defined ot}@rwis[::[ﬁ techliécg gngcientiﬁc terms used herein have the

same meaning as is com nder @lﬂ(@e of skill in the art to which the

t he sande
meani ng as
is commonly
under st ood

hyy, Annoa ANFf
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15i ncl uded
within the
anbit of
this term
invention(s) belong. ?ll ﬁx 8.1[; u q ?ppﬁ: jons, published applications and

publications, Genbank sequences, ases, dites and other published materials
referred to throughout uJure d@l{m@ her[i]lqrsess noted otherwise, are
incorporated by referelxcd mm“ tntetd In &e qu that there is a plurality of
definitions for terms hn@,lth@ e ﬁ&}slseensprevail. Where reference is made to a
URL or other such idepti S8, § odthat such identifiers can change
and particular mform:?‘mﬁr Otrhgi%: CFCZQ?EI e:?dh 20, but equivalent information
can be found by searclgltﬂf e f@fere“e%geto evidences the availability and
public dissemination dr smﬁ)rmadﬂ. et e d

As used hereni\m'ezﬁ) referred to as a cytotoxin) refers to a molecule such as

a polypeptide or drug,thals vﬁyﬁlg 1611- uro é:a inhibits cell function, such as by

inhibiting cell growth and/or, rohfer The toxin can inhibit proliferation or is toxic
to cells. Any molccultl, ﬂI] hc intel %by a ceil interferes with or detrimentally
alters cellular metabolGxS in y natn' ibits cell growth or proliferation are

included within the anﬁtlo@lgetmtmh@mg @( are not limited to, molecules whose
toxic effects are mediWar)@)gaéporfd@%lie c-el and also those whose toxic

effects are mediated at th ct surface. A variety of célotoxins are known and include
those that inhibit proteifi synthesis and thase that inhibit expression of certain genes
essential for cellular gxm d Jura'Il Q)QLS 11@41:1& those that result in cell death and

those that inhibit cell gohemh@r@*) alld/or differentiation or otherwise

detrimentally alter cellgauxlctzfoat ér examﬁ toxins, include, but are not limited

to, ribosome-inactivaty i The 6.?3 upon internalization into a cell,

alter metabolism or gene expression i the cell, regulate or alter protein synthesis, inhibits

proliferation, kill the cﬁ}{ Ith%egeaimﬁlly affect the cell. For purposes herein, a

toxin, for example, a R prd@in, sl@n@ Wli¥ied RIP protein provided herein, isa
targeted agent. The ton’a&fipﬂnit gfoxﬂ)enil p{ﬂidrefon or interfere with or

detrimentally alter cellglaﬁxﬁ ogm o;' er of host cells in which they are
er stan

expressed when the cells are culturE) ard or normal conditions for such cells.

prote|

synt hesi s
and t hose
that inhibit

AVNYFr occl AN
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90, 95, 96,
97, 98, 09
or nore,
sequence
As used hereing grdvé lt:r tatd? conditions with reference to host cells,
u

refers to conditions under whxcltmich éells e normally grown to express encoded

proteins or recombinardf proteins.
Asused heremaﬁyne utechiaag protein (RIP) refers to a class of proteins
expressed in plants ancfb@ima# aﬁpot&d-mhlbltors of eukaryotic and prokaryotic

protein synthesis. Rl}’gl]soygfj Slllﬂad)agq@ import into the rucleus. RIPs

are N-glycosidases or e glycosidases and are able to inactivate
ribosomal and nonnbosomal nuclelc T uy;trates

Asused herem [‘Iﬂ}’ @l;pe}{ides refers to any polypeptide that
exhibits N—glycosidaseRImP anMapf'aies aﬁbties These include polypeptides
isolated from natural si:urﬁseslweﬂﬁ?e nainyhetically, such as by
recombinant methods yn esig.opany method. They also include variants,
wildtype, species and al alge ic variants. RIPs include, but are not limited to,
any Type I or Type II udl@ E
toxin 1 (Stx1), Stx2, sl'pahm SRy RIP I, Barley RIP If, Gelonin, Ricin A, Momordin
I, Momordin II, Brycd‘per@ogﬁ‘i (4@ jLuffin, Trichosanthin, Clavid, Abrin-2,
Maize RIP 3, Maize Tri thin 30, Nigrin b, Nigrin I,
Ebulin, cytotoxncallyiﬁx%l!:gmetm ﬁ( n%ﬁﬁa?j:ther RIPs known to those of
skill in this art. RIP po nd@al:éf?
such as muteins, of Rlp;ﬁﬂtnﬁl T;acally variants and modified forms possess N-

glycosidase activity. \h'aviclﬂegor ear]lnlyallelic and species variants and also
those with insertions otjeﬁféns ofjlfxino aﬂdﬁ:fd@s Exemplary sequences of RIP

proteins are any that include amino acid residugs haying an amino acid sequence set forth
in any of SEQ ID NOSal , 8! llQas 145 alletic and/or species variants thereof and

homologs and modlﬂeyvaLnL tla&I)f lhaﬂapeg least 40, 50, 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99 EEGre sQuddk iderfinQylrifully any that retain N-

glycosidase activity. Exerpgl: Yantf ifPiyde any known in the art or those
T

provided herein, such ZL 4\@5&1\;—% ving any one or more amino acid variations as
set forth in SEQ ID N

162-169. 26
As
usedherei n,

—

ted to, Shiga toxin including Shiga

ass variants and other modified forms,
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5As used

her ei n,
allelic,
vari ants

As used herein.a Sfuncti actjvityX or “activity” of a RIP polypeptide refers to
any activity exhibimdnr ?;I;P%Tl :E;:Qm can be assessed. Such activities can be
tested in vitro and/or 1)7@; an uﬁﬁe buQaQr% limited to N-glyocosidase activity
and/or polynucleotxde]adrl]osmprchtasealm\KILSqudmg RNAase and DNAase
activity. Other activitigg FIqDdE) gt are not limited to, superoxide dismuatase activity,
phospholipase acnwtyn;@ﬁ%aé‘ftysnd -f'lral activity. Assays to determine
activity of RIP polypef j%s modlﬁed forms thereof or conjugates thereof, are known to
those of skill in the art.” For
synthesis, depurinaﬁo:ﬁlplegllgr dability. In addition, the polynucleo-
tide:adenosine glycosi%acﬁuﬁaedassessed, for example, by purifying the DNA
from cells treated wiw ptily}ieptide maﬁualizing by staining with ethidium
bromide. Exemplary 3s: th a iv (3 821 RIP polypeptide, such as a

of are set forth herein or described in

examg e, ac ivily can be assessed by assaying for protein

modified SA1 polypepfide, or con_]ugates there:

Examples 2 and 5.

As used hereinp:@JﬁvyﬂQ@MSe.ﬂ id@angeably with an active portion)
of a toxin refers to a frlrgletft tEtlhagn activ'g, su(a.as a toxic activity, or a catalytic
activity. Hence referepgeis e po iataéjll'glly active fragments of toxins, such RIPs,
and fragments that ret:ﬁx)l Exa it:él’tj' nn 'Eidét_if‘d toxin, such as a modified
Shiga toxin, is provids e gnieht inkl odification,

As used hereml vﬁant &ellolﬁ@&s@d as variant RIPs, refer collectively
to RIPs prior to modlﬂpaexrto reduce toxicity as described herein. Variant toxin is any
form of that polypepti iffess fror i ] and includes allelic and/or
species variants, polypt'jgcj:a f(::deejd :gﬁizﬁnaqy and/or modified forms,
particularly variants with chj;tl the primary structure. Variants include those that
contain deletion, replaSrtelacE aﬁdiiongmino acids compared to a wildtype form of
the protein. For examtleaqﬁage‘ﬁAl include those that contain amino acid

mutations or are trunchij?m LEj tya é‘\l comresponding o amino acids
1-251 of the mature A'domain et SE TD NO:5, as well as allelic or species

naturally-oc
curring,

w | d-type
formof a

nal vwvnant i Ao
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29 As
used herein,

"enzymgfic
subunit” or
variations thereof. Extmp&réuf tra&]augyiarf vtiaasll and variants 2 set forth in

SEQ ID NOS: 22 and 24, respectively,

As used herein, st:ies Is rLfe toeariams in polypeptides among different
species, including diffeS:u:bunliectes: Isuch QFscherichia and Shigella.

As used hercin,' 'alaleltnqntye@' to variations in proteins among members of
the same species. su b un | t " Of

As used herein, an unmadified RIP polypeptide refers to a starting protein that is
selected for modification. The Starting target polypeptide can be the naturally-occurring,
wild-type form of a p ‘n O -ryrp(ﬁtp:tthL sd)Lﬁg target polypeptide can have
been previously ahered[br@ﬁat@,ﬁu@ thattit @fers from the native wild type isoform

but is nonetheless refertedh ére' Osfartnq ur@ﬁﬁed target protein relative to the

subsequently modified proteing groduced herein. Thus, proteins known that have been

modified to have a desired incTease or decrease in a particular activity or property
compared to an unmodaﬂmﬁgnl ca‘iﬁxsed as the starting unmodified

target protein. For pur;*)sh}atm, an unmodified RIP polypeptide includes the RIP
polypeptide alone, or awmagatt t@rgf, mlonjugates containing a RIP

polypeptide or active ﬁtgrgystélj«ere f.
mo

As used herein, a ified” or “mutant” RIP polypeptide refers to a
polypeptide that has onalqn erMi}ic;ioys in primary sequence compared to a
reference starting protei;r MOdﬁe@XyLeﬁde, such as a wildtype polypeptide, or
other starting RIP poly;a@tini;l% atlcy var'ela(rf]a particular species and other
variants, The modiﬁcangr mlgﬁy(tcrs toxicity (i.e., the ability to alter metabolism
or gene expression in the cell, regulate-Or alter protein synthesis, inhibit proliferation, kill
the cell or otherwise de@n[engl_page_[t ILe)éll). Qeﬂce a medified or mutant RIP
contains mutations, incﬂﬁgﬁndeﬂ“nk atd ylcﬁ@tf amino acid residues in any RIP,
whereby toxicity is redltceh;expared to the starting RIP. The one or more mutations
include one or more amj ¥d re; (spbstifutions), insertions, deletions and
any combination thert:pA mo ﬁgglj?;tlyspr zitfi;éca’n have 1,2,3,4,5,6,7,8,9,

10, 11, 12, 13, 14, 15, 1§, H,%, 9, 2@)§nor Mﬁd positions. Generally, these
to

i nhibitory
activity
agai nst NI NA

hy, vvi rt 11 Nn¥f
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mutations change the tgKigi more other activities of the RIP polypeptide.

Such modification inclfie those identified in the selection methods herein. In addition
to containing modificati at toxicity of the polypeptide, a modified RIP

polypeptide also can catf Et}£r %{QQIQ tﬁ rLoxllﬁed RIP polypeptide typically

5 has 60%, 70%, 80 %, Wov{p&.{ ok, 93%, 94 95%, 96%, 97%, 98%, 99% or

20

25

more sequence identity'rméfrréqengng stquece of amino acids of a wildtype or

starting unmodified RIP p e tlde
As used herein, Shlga oxm rétlers toa RMypeptlde originally isolated from

bacteria, particularly I‘IIQ”IQIGOHEE gena- igella and other related genuses, such as
Shigella dysenteriae. Qlid.a ’@)k ls a@disubunit protein made up of an A subunit,
which becomes cleaveci me@ 'Fnd A2 to form the active Shiga Toxin Al (SA1) moiety.
and five B subunits. tg ed ti;e A2 moiety and are required for
entry of Shiga Toxin into (%ls (? vig and van Deurs, EMBO J., 19: 5943-50, 2000).

In the conjugates hereny @ E Jubalnate replaced with a targeting agent for eniry into
acell. Hence the conjupt@ Incydp]etpxt sllbldteﬁlcularly subunit A, and most
particularly, the catalytia]fy eiveaaknimﬁﬁ e:ﬁx active fragment thereof. An
exemplary precursor se nee SWbumt of Shiga Toxin is set forth in SEQ ID

NO:1, and the mature seq nce ﬁet :ﬁ() ID NO:5. The catalytically active Al

fragment (SA1) coxrespr)KE uence set forth in SEQ ID
NO:5, and the A2 fragnlennmrdsplmls tO.aEachfza% of the sequence set forth
mseemYNos. gkil| in the

Shiga toxins als kit alleli yas variations. Examples of shiga toxins

include those produced by Sh:Eeﬁ spges and allelic and species variants there, such as,

but not limited to, thos: hived Int a dysenteriae, E. coli, Citrobacter freundii,
Aeromononas hydrophttz )é)prlonGz‘az]av]aeynd Enterobacter cloacae. Exemplary
sequences of the precurfQFFY Xapxrmme@e A chains of various Shiga Toxins are set

forth in any of SEQ ID ?!f)ét :tShué7§I Otha‘ﬂ'ldts in the Shiga Toxin A chain
aresetfortthEQIDNOG | ude

nethods,

such as

usi ng manua

al i gnnent s

AanA hy 1101 A



20

25

;

- .
‘WO 2008/080218 € 4 PCT/CA2007/002278

32 identical
or

honol ogpus
nucleotides_

y “catalytically active subunit” or “active
1t

subunit” of a RIP polypep’ude T exs to gp
toxic activity. The toxic al Q‘j operty or activity of the polypeptide, such

as due to inhibitory actsmﬁttmﬁtbu Lul oMY -glycosidase activity, or
depurination of DNA, @N/t, ohraItDNA@} @'al RNA. For example, for Shiga Toxin,
the active portion is theﬁb\tbunitéﬁanﬁ iéctivated by cleavage of the A

subunit into Al and A2 ments. Hence an aC \@ pa'non of the A-chain of Shiga

Asused herem

ion of the polypeptide that mediates a

Toxin is the Al subumt also r%erre t0 as

Active portlonsa‘ Eﬂga ﬂ)@m ﬁ:@lllasdany RIP, are known or can be
empirically identified mk, in zen_tro’or in vive activity assays that assess activity (see,
e.g., Stirpe et al., Bio/M}S?'ogI) 1@4??-&2 1992; and Sandvig and Van Deurs, Physiol.
Rev. 76:949-66, 1996; }S§P d B tte) 11 C;@(Dl.mfésﬁ 63: 1850-66, 2006). The A

subunits of exemplary RIPS are set in Table 3 heremn, and or are known or could be

identified by one of sklﬁn th) art. as V\B
As used herein, g Setivk pd@xﬂtt’edt” & ‘&live fragment thereof” of a RIP
toxin refers to a polype?métgtlcod:ﬁe gst the minimal amino acid residues to
manifest a toxic activit; %ﬁ ctive pertign pontains contiguous amino acids
SUBSt AT Ar]

from a RIP polypeptide, s e mmimal portion of the A subunit or Al subunit,

required to provide a toyc acmig I’L‘:Qve (&g& _uﬁhe minimal amino acid
residues can be emphicmﬂ‘]}tlnied b)Grodlal@‘ :inddsting truncations of one or

both of the N- or C- ‘e‘ﬂ‘ﬁ’r a g@tﬂ)e}eis‘\ subunit or Al subunit to determine

those that display an BCH'SZ ssed by various assays described
herein or known in the art cludmg, but jlmlted to, protein synthesis assays,
depurination assays, or elMtQVlth/Qa rll; ss: s A I‘lty can be any percentage of

activity (more or less) ofmidl@rrgﬂatlyﬁmde, including but not limited to, 1% of
the activity, 2%, 3%, 4"5 t%rlq%%,e)ﬁ @y 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, 99%, 6(1%, Z()gt 300WA,|500%, or more activity compared to
the full polypeptide. .

stringency

all al ong

the length

of the

nucl ei c acid

Aar al AaAnAa At
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As used
herein, it

al so is,
understood
Typically, an agti {oxin is a truncated fragment in which

about 1,2,3,4,5,6,7,8. 13, 14, or 15 amino acids at the N- or C- terminus

10,11,1
of the A-chain of the pglyg 1\ssmg Exemplary active fragments of the
catalytically active SA1 sﬁxu,br&tcaerﬂ'lgnlenan reof of a Shiga Toxin are set
forth in SEQ ID NO:22’ oryEQ ID NO:24.

As used herein,ito;ﬂiéﬁfs io t& é.ility‘ bf a molecule, including a peptide,
protein, chemical, or other molegple to alter mejabolism pr gene expression in the cell,
regulate or alter protein Synthesis, ithibit pro: ifqra%n kill the cell or otherwise
detrimentally affect theVea- rF(Jr p@p&es hVMin,tvihrespect to RIPs, toxicity refers to
the ability of a RIP, or tubhﬁher@ © i@ Ycfeof, to, upon internalization into a

cell to alter metabolisnarsene ﬁﬁ@r 1S]f cdﬁﬁate or alter protein synthesis,

inhibit proliferation, kil the cell r e'ri.mental[y affect the cell. For example,

RIP polypeptides, or conjubates e L extil lt,cellular toxicity via a variety of activities
including, but not hmm§ lhe r N-g| dasl: anvny and/or

pobynuciordesdenosite V@siode @hi@V ANT
As used herein, &ghsidh lljtt/ity rtfehtatlypeptide enzymes that cleave

nucleotide N-glycosidi bcﬁd olyfslfudes exhibit glycosidase activity by
removing a specific adem e residuc om nbosomal rRNA. Such activity results in the
inhibition of protein sy% bsqula:n 11 death by preventing the binding of
elongation factors to m&&&e SS SucC h

As used herein, %es Mues refers to residues that occur at aligned
loci. Related or vari p&dfs ﬁ aligned by any method known to those of skill

in the art. Such methods typically maxi }ze.maiches, and include methods, such as
using manual alignments ard by us) nim.'.m s'alignment programs available (for
example, BLASTP) mmL kh)@ld ’IL;lose mmﬂm art, By aligning the
sequences of polypepﬁ{es@ne ﬁl]é]iyl the art can identify corresponding residues,

using conserved and ’dﬁtﬁ“tmﬂlﬁﬁf reWi é Tn@s For example, one of skill in

the art recognizes that the referenced p; fsmons of a mature Shiga toxin A-chain set forth

in SEQ IDNO: 5 dlffex@)y taxrtygl aﬁxlo Qd TE 1d|§s ‘when compared to a
25i dentified

based on a
particul ar
attribute

Ny nnNnar t\vwvw Nr
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Smth et

al ., Gene,
67:31-40
(1980). The

precursor Shiga toxin ,‘tc@lr sﬁfgth in SEQ ID NO: 1, due to the presence of a signal
sequence. Thus, the aming amdlat tlont wenty a: SEQ ID NO: 1 “corresponds
t0” the first amino acid res%ue of ‘urther, one skilled in the art also can

employ conserved amup LM erd eJ as%.\des t&la-(nrespondmg amino acid

residues between and ab& hulphSQ du—human sequences. Corresponding positions

also can be based on stiucﬁtl a@rnetﬁawgzébausing computer simulated

alignments of protein sfzyg In other instances, corresponding regions can be

identified. One skilled 1 the "also can employ conserved amino acid residues as
guides to find correspon 1@ %«namd \E} Mles between and among human and non-
human sequences. | SO | at e d "

As used herein, i“pﬁmaryi segencmrlwe sequence of amino acid residues
in a polypeptide.

As used herein, th “homology and “idgnti are used interchangeably,
but homology for protemsuxgjcllﬁlcogewaagrlnn cid changes. In general to
identify corresponding I)o&onsﬁhcr scpDoes @zfmno acids are aligned so that the
highest order match is %d {se«neg: Computational Molecular Biology, Lesk, A M.,

ed., Oxford University geé @ﬁ 8 gs CO! gftmg Informatics and Genome

Projects, Smith, D.W., ed. Ac emlc Press New York, 1993; Computer Analysis of

o1y

Sequence Data, Part I, , *(., eds., Humana Press, New Jersey,

1994; Sequence Analyds £@ Eggar Blblﬁ, v 3@, G., Academic Press, 1987;
and Sequence Analysisll_’;@' i, C@H&ka,IMl alyDevEn, J., eds., M Stockton Press,
New York, 1991; Canllnerﬂ (AE g 48:1073).

As use herein, * se ence,id t:g efers to Lhc number of identical amino acids

(or nucleotide bases) i m ompa isCn between a test and a reference polypeptide or
polynucleotide. Homo&‘u%lld&m to@ ﬂre etermined number of identical

or homologous amino zfﬁre s. Homology inchudes conservative amino acid
substitutions as well as rdaﬁlﬁl\ﬁﬁlrs Saltn(élferyy can be determined by
standard alignment algy jm Pro; used, wi hdefaul gap penalties established by
each supplier. Homolog J’u éjjn Qefer to a pre-determined number of

gene

encodi ng the

nucl ei c acid

of interest
1 el at oad PNIA
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as an
adeni ne
anal og,,,
decr eases or
identical or homologméualg)geg Hotloleﬁéncludes substitutions that do not

change the encoded no acxd 1. e “silgnt substitutigns”) as well as identical residues.
Pﬁ Xles hq)
stringency or at high stagen 11 Elong the length of the nucleic acid or along at least
about 70%, 80% or 90@0&]3 tyl-p@lpltcleiic d{jnolecule of interest. Also
contemplated are nuclelc @d m&culh ?xammin degenerate codons in place of
codons in the hybridizi g{]lell; acid molecule or in the molecule with a specified

Substantially homologous nuc e1c acxc’ ridize typically at moderate

sequence identity. F eterminatidn of homology of proteins, conservative amino acids
can be aligned as well rl aﬁ ¥1ds; in this case, percentage of identity and
percentage homology vails. |W®tVMann;\g nu&eigrid molecules have nucleotide

sequences (or any two elx '!es@g glino@ﬂsequences) that are at least 80%,

85%, 90%, 95%, 96%, 8% an be determined using known
Gt HE R

computer algorithms as the " ST gram using for example, the default
parameters as in PearsoL enl Pto cs I;SA 85: 2444 (1988) (other
programs include the G&StLgnlam.packaI h)@ereux J., et al., Nucleic Acids

Research 12(1): 387 (1%4@ ‘SL@@TB],A@'N FASTA (Atschul, SF., et al., J.
Molec. Biol, 215:403 (1 to & uters, Martin J. Bishop, ed., Academic

Press, San Diego (1994), Carillo et al. SIAM J dpplied Math 48: 1073 (1988)). For
example, the BLAST T‘]n g\lﬂdna] Cen ﬁ‘ Biotechnology Information
database can be used toG‘emeugi&m Crthactnlmealally or publicly available
programs include DNAWr "Iaﬂdn" program (Madison, W) and the University of
Wisconsin Genetics Coflp]ﬁfﬁ}[jlb(mq "(bqﬂf)rogmm (Madison WI)). Percent
homology or identity of preteins and/or nuclelc acid molecules can be determined, for
example, by comparmgfe juence nfo lon lsing a GAP computer program (e.g.,
Needleman et al. 1. Moll 5 Gel 4 [19%), alrhaty Smith and Waterman (Adv.
Appl. Math. 2: 482 (1980)H¥:Aly, a GAP program defines similarity as the number of
aligned symbols (7.e., micleﬁti:i orﬁxén@%which are similar, divided by the total
number of symbols in ﬂf stiner of the two srquenfes Default parameters for the GAP

program can include: (1 g' co% Jon matrix (¢6ntaining a value of 1 for identities

sold:dun
modul ator to

enhance t he
ahi Il i1 +v + A
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25conj ugat es

ncl ude
fusion33
proteins

and 0 for non ldentltl Welghted comparison matrix of Gribskov ef al. Nucl.
Acids Res. 14: 6745 ( S d Dayhoff, eds., Atlas of Protein
Sequence and Strucnué Qmorg g §y d :@:ynf‘oundauon pp. 353-358 (1979);
(2) a penalty of 3.0 fonQ gJHd Qﬁdjtlonal 0.10 penalty for each symbol in each
gap; and (3) no penaltﬁ@sﬂ};aﬂsl g ates

As used hercinafﬂjn "itel*ipOrsrecnts a comparison between a test anda
reference polypeptide p c 18 én nﬁﬁymtmg example, “at least 90%

t

identical to” refers to percent 1dent1tles % relative to the reference

polypeptides. Idmtitya neyel o @L is indicative of the fact that, assuming
for exemplification pum h@ldeference polynucleotide length of 100 amino

acids are compared, nmfelfh e‘igy 10z of 100) of amino acids in the test
polypeptide differs fmln t@ta.fgntrcferBCﬁpéypepﬁdes Similar comparisons can be

made between a test and refeance olynuclaides Such differences can be represented
as point mutations ran ut d ge ¢ entire length of an amino acid sequence
or they can be clustereﬁ o4 rlr Hre ltlca$ms of varying length up to the maximum

allowable, e.g., 10/ 10(1 atiinﬂ*'@efé?nce (approximately 90% identity). Differences

are defined as nucleic ﬁii Of.aréncatidls 'tut@f, insertions or deletions. At the

level of homologies or.identitigs above aboit 85-90%, the result should be independent of
the program and gap p d set s@lgn hfe\Ms of identity can be assessed readily,
often without relying cIm rwad ' I\Ia m n g

As used hereina g;emers_tood that the terms “substantially identical” or
“similar” varies with W oodlljyﬁ(ﬁ ﬁilled in the relevant art, but
that those of skill can assess such

As used herein, 3 “selection m!tllg t’erSQO any method where a protein is
identified based on a th@ ar Attribute, property or activity. For purposes herein, RIP
polypeptides, or activeSdghfenfs tile@ie«@tiﬁed in the selection method herein

include those that dxsp}ryer@eaﬁttuwomptreﬁ@n unmodified or starting
el toxinis
internalized
nto the
target ed
cell. 38 As

1miead hoar ol n
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As used herein, ucti cpgubinant methods refers to using recombinant
DNA methods to exp g;grecolgbg,ag gypeptide. Such methods are well-known to
one of skill in the art c: Inciude methods of molecular biology for expressing
proteins encoded by cllmf@[tNat oe y t 0
As used herein,r‘i@'fas@ fieS’ reftrs@ the@pnount of 2 RIP produced, such as
mg/1 or absolute amouWnﬁh Tfeénce blFe Wf a RIP produced in the presence
of a RIP inhibitor coméaréi |to jn the fbsﬁ%_ ctf the RIP inhibitor.
As used herein, “isolated” with reference to cells refers to the separation of a cell,
colony of cells, or popm 0] eﬁ aw@frox[ 0& c@colonies or populations of
cells. Isolation can be iaffﬁed ﬁ'y MOcedure which separates cells, such as plating

conditions, puriﬁcatiodcy ¢ bucgas lhl@ g tmgnetic beads, particular cellular
characteristics such as fr ] ?er similar techniques. For example, isolation
can be effected by plating out or spreading a sample of a cell culture, such as a bacterial

cell culture, on a nutrie} Qdf s@aﬁ!&l@r conditions where each viable cell grows and
forms a colony of ce]lsS’yt&t:omqs can be optimized, such as by diluting of the

cell culture, so that a snifle:ﬂ)klé elytd%d as a discrete colony. Cells or
colonies of cells can be individuplly pi gor selegted ag g single cell.
ﬁﬁgIUﬁ fi g

L. o .
As used herein, “is * with referénce to a nucleic acid molecule or

polypeptide or other biaaglegle HQIQ J at the nucleic acid or polypeptide has
separated from the genltid elmﬁhemn Wtioﬂl)e polypeptide or nucleic acid or

cell were obtained. It :Ed e})sthe natural state. For example, a
’

polynucleotide or a polr?ﬁi&e ra%ﬁﬁﬁg@ gving animal is not "isolated,” but
the same polynucleotidﬁr polypeptidk separated from tHe coexisting materials of its
natural state is "isolated; gﬂdrl:l iL eLploygl herein. Thus, a polypeptide or
polynucleotide producﬁﬁjor Lo&u}led w{mtombinant host cell is considered
i . Also intends "iqola®d polypeptide” "isolated polynucleotide”
isolated. Also inten: ec@s@ll 140 T ’po ypeptide” or an "isolated polynucleotide” are
polypeptides or polynuflfaﬁiesﬂﬁt hael been partially or substantially purified from a
recombinant host cell or firory a pative source. For example, a recombinantly produced
version of a compoun(:rcglll b sIbs%Eally purified by the one-step method described in

cello,

grai ndoeytrn

(asophils,

eosi nophi | s.

noatit r nnhit | )



L
WO 2008/080218 { L PCTICA2007/002278

10

20

25

As used
herein, a
chenol dpe
recept or
Smith et al., Gene, 67'.E 1—Qf1ﬁ§é thzi teﬁtﬁolated and purified can be used

interchangeably.

Thus, by "1sola§ﬂgt% Qe&qt th£ th@llcgcrac§ is free of coding sequences of
those genes that, in tthaQ'aJI}aan genome of the organism (if any), immediately
flank the gene encodinf)Duci@iQdg bt @eresOolated DNA can be single-stranded
or double-stranded, ant c@lte %PNA tDWa&fombinam hybrid DNA or
synthetic DNA. It can be 1dent1ca1 to f stam&g Dl]IAls ence or can differ from such
sequence by the deletion, & o or substltutmn of one<dr more nucleotides.

As used herein} nﬂ p%parltitﬂ maa from biological cells or hosts mean
at least the purity of a @]Ia(@mkﬂnﬁendicated DNA or protein including a
crude extract of the D}fA e v jtmgwlst prle, in the case of a protein, a

purified preparation cagae ol i f llow? ﬁ\ghwdual technique or a series of
or protein of interest can be present

preparative or biochemical t iques, and
at various degrees of’ pg ﬁ@g;)!tpénons The procedures can include, but are
not limited to, ammomhnﬂaltfaeﬁcmtalbn,lge@&ton, ion exchange
chromatography, atfmi'fy e'ﬂ]atoeaphy, dasity gradient centrifugation, and
electrophoresis.

As used herem a pre aration ogl}N or protein that is “substantially pure" or
“isolated" refers to a pr hx@&bs\éﬂla@ ge from naturally-occurring materials

with which such DNA amﬂ{a@ﬁted in nature and generally contains
5% or less of the othertmaxfnrgxet e d

As used herem, cq that contains the DNA or protein of interest refers to
a homogenate preparati pell-free prepalE ion obtained from cells that express the

protein or contain the olf r@xgstnIg ngxtract" is intended to include
culture medium, especlﬂllﬁﬁle\mtte &Elum from which the cells have been
removed. b | n d |

As used herelmﬁﬁlfctéetagfn Jselection agent” refers to any factor to
which cells or populations of ce}ls are nsmve or susceptible, and which, by virtue of the
sensitivity can be used 0 &xgﬂr' Q] d)dublh&!j'm

are not

limted to,
may
pol ypepti de

+hat | e

ce to the agent or to the effects
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15 1 1-TAC,
BEAK,
SR- PSOX,
Fract al ki nc,
of the agent on the cellL }‘y@:a}t}geleﬂm aNfs 1re pd in combination with

expression systems to selegt forexpressed pon es that confer resistance to the host
cell to the specific selecmiai}j Ze'bmpla sElective agents are antibiotics.

As used herein) Q tsegﬁlr maulafkgrangtVWSzﬂecﬁon modulator” or “agent
that modulates selectmtx @ersto h}@g)er a@tfused in a selection method that
improves or increases § Rnflt)l tolselech aﬁa{arht@ute, property or activity, such
as an attribute, prope: 1v1ty of a recombinant polypeptide. For purposes herein, an
agent that modulates:h éon can be used in the methods of selection to improve the
selection of RIP polyp&f, oﬁ&%ﬁﬁeﬁmf, which exhibit altered toxicity.
E lary of elerrim!_' ul are RIP inhibi For example, a RIP inhibitor, such
as an adenine analog, (@*ﬁcf 'Pr nse% roxalt@ RIP polypeptide to a host cell,
thereby allowing for ext)ry 0f e ‘ talyhost cell. The selection modulator

fi

actors that can influence the ability of a

chosen, its concentratign ubaho iy
selection modulator to Lnlmlgih lect for a particular attribute, property or
activity. Selection mm{mmmf fnjm@lection agents

As used herein, ﬁno:lduﬂg age@’fcfers to any factor that is used to initiate
recombinant protein exg pa host cell. Factors that can be used as inducers
include, but are not hmlte to, cl ang in temperature or the administration of a small
molecules, peptides or J Lgcgoﬁmiucuon agent depends on the host
cell used for recombmﬁh(ﬁi{m:k ol Bthe specific promoter used to express
the protein. One of skl&‘n ﬂ%ls lemmlth Urale'nduction agents. For example,
in the pET expression m pol ase required for gene expression is

under the control of the IPTG-inducible T7 promoter. Protein expression does not occur

in host cells, typically 2-coli QL@IFDE@ cells, transformed with a pET vector containing
a cloned gene, until mmr]rl b)tIFh‘(fre r | C

As used herem,fx ]@’pn“lmr is any chemical, such as a peptide, polypeptide,

oligonucleotide or othe(r’rﬁeéxwwfﬁ Iﬂﬁt inhibits the activity of a RIP

polypeptide. Typically, RIP inhibitors include any that inhibit the N-glycosidase activity

of a RIP polypeptide. gxne(;lg §r§a § §em polypeptide, or other
variants or

nmut ei ns of
chcm oki nee

t hat possess
+hoa ahi |1 + v/
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molecule that reduces Retctélt/ c'f ad]ﬂpolypeptide. Such agents are known and
include any that reduc ctivity of a Rf’poiy]paﬁde. Exemplary of a RIP inhibitor is

j];ji:!:jdx 4-AP! )y r

4-aminopyrazolo[3,4- &
Asused herein,t“eaﬁve 1 ils;t t-}l; hxrcity of a RIP polypeptide” when

5 referring to a RTP inhil{itoarﬁaﬂﬂxat inS@r&nce of the mhibitor, a RIP polypeptide
retains no to little acti\'ityo’ pj acr(li%redutfdjwl‘qﬂ incubated in the presence of the
RIP irhibitor. For ex: le, a Rj]stmidc whose toxicity is inhibited exhibits a
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, M‘{, 95%, 96%, 97%, 98%, 99%, or
100% reduction in tox£itM:L;mpare2 btﬁ tox'ic ey of the RIP polypeptide in the
10 absence of the RIP inhhi@.n 5 (1 h er
Asused hereinérﬁﬂj Sxtc 1ctrt1t0 ffelrs WP polypeptide or active

portion thereof that exlgbits ctiyjty of a lypeptide, which activity is typically
reduced compared to a wild-type, sfarting or, refercnce form of a RIP polypeptide. For

purposes herein, an actpigi[ rmmsf$i! s --ie@enough to exhibit a toxic activity
15  against a ribosome, DlamﬂlA, @]ala' tarbtp\st cell. For example, a RIP
polypeptide or active pejtenttbetrf mnsla?eﬂity ifit displays at least 1%, 2%,
3%, 4%, 5%, 6%, 7%, "Tfﬁ 10%, 20%, 30%, O‘Vyio%, 60%, 70%, 80%, 90%, 95%,
5% LA Py

or more activity compared to'a wild-type, starting or refergnce RIP polypeptide. A RIP
or other toxin can exhiQt E subiamrjll re@tgoghgc[ivd

20 original activity, as lox}é\k atokﬂlgatlﬁmlﬂmm RIP is effective for treatment.
As used herein @ @m@ﬁrwatmiﬂevleprovided herein that include

one or more targeting r@ifties linked directly or indirectly to one or more targeted agents

, even to less than 1% of its

that are modified RIP toxins. These conjugates also are referred to herein as ligand-toxin
conjugates and mclude,r}openr;plg lglgc§e§o!;u1¥i§modulators {LPMs). Such

25  conjugates include ﬁxs’onlpr&éﬁ, those produced by chemical conjugates and those
produced by any othergﬂ(b@ieﬁy @ 1@t0q.e Med toxin is linked, directly or
indirectly to a (a:getinsagent, mifv up(glllﬂ(tlw a cell surface receptor the toxin
is internalized into the eted celle ¥ .

e RS i cat i on |
of the
pitypeptide
can be
ef fected by

Aanyvy Nhbanc
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specifically

recognize

chenoki ne

As used hetemra éxb(é uﬁlfn godulator (LPM) is a ligand-toxin

conjugate where the tar gent is a pol tide portion that is sufficient to target the
conjugate to one or moé [}]ﬁokm y:iptiét presL dCon a cell thereby effecting
internalization of a lmlalssla\ysSsso&la E}geted agent. Generally, the
polypeptide portion ofbg’M u@@ddnili@d fragment or allelic, species or
splice variant thereof, ?m%ﬁtte Tortu to one or more chemokine receptors.
Typically, via cell surfgeq § échelf ne rqfeptors such a conjugate is targeted to
one or more than one lcul'

As used herein,a-uSISlQotEm refers to a polypeptide that contains at least two

polypeptide componenis, m :@ﬁrﬁt&lm*iei(@. a chemokine) and a targeted
agent, the toxin, and o;ltio'rlaln k@ﬁ or elrpeptids finker. Such proteins can be
produced by expressmlgg eés cc@ild gf)dégdle conjugate in host cells.

As used herein, a targeted agent is any agent that is intended for internalization by
linkage to a targeting 1@,r asggltd gr , and that upon internalization in some
manner alters or affecta@l@' metabsism, growth, activity, viability or other property
or characteristic of the AS’I’thsseeld;enls herein are the modified toxins.
Exemplary of targeted g{lf (Hmrem are SA1 or active fragments thereof,
including modified SA1 polype tides.,

As used herem,rcl le tgg!:tegage s tddlrect it to a cell that expresses
a selected receptor by 1&&1&0&*& 3 ggetla moiety. Upon binding to the
receptor the targeted a@hlew kiﬂt Fped to the receptor binding moiety is
internalized by the cell

As used herem J cell” or “ 1 une effector cell” refers to any cell that
helps defend the body aQs m)éﬂ@ Q ar@ﬂ ‘eign materials as part of the
immune system. Such Eeﬁxﬁcl@éﬂoslﬁﬂd h&RMd, in the lymphatic system,

and in other body tissu@ flhes{inh.e, but are not limited to, leukocytes and other

tissue resident cells surlblﬂce)fferglls,eicrog.it\afvcdar macrophage or other tissue
associated immune cel* r ag nmen t s

set forth

huh' as

codi ng such

peptides, to

Aanyv 11 <1 )
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As used
herein, an
‘am no @cid"
IS an
As used hereinclﬂyk rﬁers tta white blood cell that plays a role in the
body’s host immune defense’System. Leukocytes include, but are not limited to,
monocytes, macrophaggs, € g cells, natural killer cells, granulocytes
(basophils, eosmophllﬁxgtr&;tulalndn‘npmtgcs (B and T lymphocytes).
5 As used hereingfspe r@imal ﬁlwl‘ RC) refer to specialized cells that reside

in or is specific to S O tissue residential cells play a role in
peific o i P Y] M ply

the body’s immune defén: ses grticularl: with respect to the specific tissue. Included

among such TRC are Kup er cells of thelliver, miCroglia of the brain and alveolar

macrophages of the 1@0 I d g rou p .

10 As used heremA;uvated cells with reference to immune cells or leukocytes refers
to cells that, upon stmﬁz@)ll btexlﬂltreri gdeexpression profile compared to
cells that were not stl 1cally such cells secrcte or produce or upregulate
expression of soluble or cgl suf acéboun peptide or pi ypep‘ude medjators, such as
inflammatory or other%um: mﬁnﬁor example, cytokines, chemokines or other

15  chemical messenger pam mﬁ}@)tora@e.fordlg:l_l expression or production is
greater than prior to stﬁ\@irm p ur poses

As used herein, e g g to any cell binding ligand polypeptide, or
portion thereof, that blgs 1o, a tai ete?::ell ?ymding 10 a cell surface receptor followed
by internalization LheratCA! g agent is any agent that facilitates internalization of

20 the targeted moiety. Henﬁ,@lhdly dﬁthatbih@ an endocytic cell surface
receptor. Targeting mtlmtcl e any polypeptide, or portion thereof, that binds
to any cellular receptoHlail\ll?' ngﬁ sollo as :‘Bﬁlypepnde is internalized by the
cell following binding to the cell surface moleehle. For example, targeting moieties
include, but are not hngtédlt_g, Ltll)o!ll&mwth factors, cytokines, chemokines, and

25  others. Exemplary of a{at‘hgﬁka‘s alaﬁsla ags that target to chemokine

receptors. non- nat ur al
As used heremalieﬁ kﬁec:fcepa ae é) receptors that specifically interact

with a naturally-occurring ber of thg chemnokine family of proteins and transport it
into a cell bearing sucﬁngf am mnxQ, but are not limited to, the receptors

aci d anal ogs
(e.g., amno
aci ds
wherein the

Nn_ ~ar hAan
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As need

her ei n,
cocas qf
clasinid

(CXCR1-7, including f Aén[i (§CR_tB)6) which CXC chemokines bind and the
receptors (CCR1-10, itﬁudixg CClr{.ZAq( d éCRZB),to which CC chemokines bind, and
any other receptors to Winch any themtkine Specifically binds and facilitates
internalization of a linﬁiltmgmerﬂ.t S

As used hereinta tl&ea)tine r{ceﬁbem‘geﬁng agent refers to any molecule or
ligand that speciﬁcallylbr'wése d;hertol@e receptor on a cell and effects internalization
of a linked or otherwise assogiated targefed agent. Chemokine receptor binding
moieties, include, but alre nﬁottlimite t?jl‘f!'éoépepﬁde that'is capable of binding to a
cell-surface protein to anL cﬁr{o}g‘l wQ.@J&Mr&&d, and is capable of
facilitating the intemalm a ]igaﬂ-t;o@ining fusion protein into the cell. Such
polypeptides include c]cn&sfmf, %ﬁboqie@rﬁagments thereof so long as the

polypeptide binds to m?(ir rtrﬁzléniokine receptors and effects internalization of any
linked targeted agent. Identification of fragments or portions of a polypeptide, such as a

chemokine or amibody,el%{ Qrfe%lﬁyindgm one or more chemokine receptors

and internalizing a Iink@ Erteth ggents can be done empirically, by testing, for

example, a fragment li]ikeae I:yteolnc@lantu:glwlﬂ}g for cell death using any of

the assays therefor desgrjbed im AT kng to thespof skill in the art. Hence, a
chemokine receptor targeting agEnt.includes allof the peptides characterized and

designated as chemokix[es,q'ﬁ‘, itlcluGe,aJ; ale rg mnited to, classes described herein,
and truncated versions Qtf ponidmrf:‘ztlttat@ﬂ\@dnt to direct a linked targeted

agent to a cell surface h@f@ oeqot@ io wgeel_t]!gleng‘fh chemokine specifically

binds and to facilitate Wntemalizaﬁon by the cell on which the receptor or

protein is present.

As used herein,§e¢eK1 QJlol!ineo lL;SI‘S mmides that include
interleukins, chemokinlsl mplafxes, x&u:&holony stimulating factors, growth
factors, adipokines and\(,é@@ as$ciw:|f p@tein&ﬂ dnctional fragments thereof.

For purposes herein, mp(lheggng cﬁ;fmd gfer to all cytokines, most typically the

classic cytokines and dbes not include the,chemokines, which have chemoattractant and
other activities not gengi’l’y ghibim ottler {classic) cytokines. Chemokines, as

wthin the

| evel of
skill of the
art. 10As

1miead hoar ol n
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| ong as the
secreted
protein

retains Its
recognized by those slﬂ e@ iartrn@ﬁussed herein below, however, are a distinct
class of polypeptides.

As used herein,a'(gextnoldng 1!efetrs ¥£ family of small proteins secreted from
cells that promote the meru)s is of nearby cells. Some chemokines are

considered pro—inﬂamhe)r ar@dan 5} ’induced during an immune response while

others are considered ]tmfeoa.ﬂg‘ fpx@]@ f:einolc'ﬂas exert their chemoattractant
function and other fungti y b i\é to Qt\e 8 more chemokine receptors.
Chemokines include proteins isolated natural sources as well as those made
synthetically, by recorIbihﬁneaIs @Il @(Q synthesis. Exemplary chemokines
(set forth in SEQ 1D NOS[D12-Q1f inoldNAre 4@t Fimited to, MCP-1, Botaxin,
SDF-18, GRO-q, M]P-Rm I C]a, MIP-3a, MDC, MIP-1a, BCA-1, GCP-2,
ENA-78, PBP, MIG, FlF]—bPé-tvar], éDé—?, I]{C?—Z, MCP-4, MIP-4, MIP-38, MIP-2¢,
MIP-28, MIP-5, HCC-1.RANTES, Egtaxin-2, TARC, 1:309, Lymphotactin, Lungkine,
C10, MIP-1y, MCP-5, EIE), %m@-i I\QP[?A, 3 éotaxin—:i, CTACK, MEC, SCM-
1B, LTAC, BRAK, SKOdx, £:@f@ F -5, Mi©1b2, and others known to those

of skill in the art. Ret{rehi; t@hen‘pqhe@g'telskgudes monomeric forms of such
chemokines. Chenmokjy @lfo ficbdf dﬂ)ﬁcdr oﬂlet ﬁultimeric forms.

Chemokine encompasses variants or muteins of chemokines that possess the
ability to target a linked targ; o€Hemokine-receptor bearing cells. Muteins of
chemokines also are c&tulgabi as ta:t&&tgents for use in the conjugates. Such
muteins can have consﬁrvhie am@Mhaig@such as those set forth below in the

following Table 1. Nuglgig geigs gucpding uigips will, unless modified by
SBPE e e

replacement of degenerate codqns, hybridize under conditions of at least low stringency
to DNA, generally higii s ‘ngency,Qo DNA'entoding 1d-type protein. Muteins and
modifications of the pﬁ%l-al[o ﬁﬁ‘dh‘t{\t QRNSeed to, minor allelic or species
varjations and insertio@® ﬁax*ti(ms (2] ‘es@ﬁ@mles of chemokine variants are set
forth in SEQ ID NOs:ﬁ ?L191.égabl ﬁfvtﬁve and non-conservative substitutions

of amino acids are knowiyto thgsejof skill in this art and can be made generally without

altering the activity of The resuliing molecule. Those of skill in this art recognize that, in

chronosonal
DNA of 25

t he host.

Met hods and

nmAanc fAr
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ncl udi ng,
but not
limted,to,

the in vitro
general, single amino é}éslgsayg in Tnﬁﬁtﬂ regions of a polypeptide do not

substantially alter activity (see, e.g?, Watson et al. Molecular Biology of the Gene, 4th
Edition, 1987, The Bc[m igs Fub. co., p.224). Such substitutions can be

made in accordance wm hd tet exl;h Bollows:
TABLE 1 synthesi g

Original resi Conservatlve substitution

=@nd in vimoys
Asn@ssays that%ﬂs

Ser; neutral amino acid

Gln(aSSeSS Asn
%@ytOtOX|c|tﬂm

LI:,“t?y measur i rngy
mhe al ba oﬁuﬁw
zhe( t est Met; Leu, Tyr
Trp((\’%‘on‘pound on Ser

wnigel | o

Other substitut on!lal(s)o are permlssx[le ans can kgdetermmed empirically or in
accord with known cmrsl,ran«'[ or ntQ-(,mmervauve substitutions. Any such
modification of the po@)[pt@&aﬁai; efficted by any means known to those of skill in
this t synthe3|s

As used herein, o.t ofa to a fragment or piece of
chemokine that is sufficient, ext_cr alone or as &pm with another fragment or a

chemokine monomer, a tor for mternalization of a linked

targeted agent. Variotk]igmuye?ﬁ 1§lentlfat[;)ref chemokines and chemokine
activity, particularly c}a@tgt&yigies,trehm to those of skill in the art (see,
e.g., Walz et al. (1987 gz r@bg s. Res. Commun. 149:755 to identify chemotaxis
of neutrophils; Larsen ef al. ts 89) Science 243:1464 and Carr et al. (1994) Proc. Natl.

Acad. Sci. US.A. 91 3&23{0 glthglgga!usgflyntphycytes see, also International
in targeted

cells 49
As wed
her ei n,

PBaar " | act | v/
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dosage or
C 17e be
admhi t sf ercd
according to

PCT application No. Vg 99?3@ ﬁ\bes numerous assays and exemplifies

means to identify chem V\?r]leé Sug, Bssa s can ie used to identify chemokines,
modified chemokines and acfive fragme thereo

and known to those of'skﬁm the art can be used to identify moieties that will
specifically recognize @*n&d@@*)tdrs,‘#ﬂ@:ytotoxic assays can be used to identify

those that also intemaEFeﬁnéd orasnct'attj ﬁ*ted agents.
As used herein, \%ﬁi}ﬁ acl% 1Uo ing a c 1%1 peptide or polypeptide refers

to any of the nucleic acid fragments sef for erem as coding such peptides, to any such
nucleic acid fragment: wStﬁ}ﬁ)&@qll btu t.rt,ya.ny nucleic acid fragment that

encodes a chemokine {Laylpdtoecarlmltmyefeptor and is internalized thereby and
can be isolated from armsan cell library using any of the preceding nucleic acid

fragments as a probe o ‘;ﬁl Iﬁ 1d giméutth % odes any of the known
chemokine peptldes, mg ose sef forth in'S Os:112-161, 170-191 and any

Binding assays, as described herein

DNA fragment that ca!l b[])rodg& y of & Qccedmg nucleic acid fragments by
substitution of degeneaerm‘ls. Jic @ﬁdatmﬁhat once the complete amino acid
sequence of a pepﬁde,tuhea [¢ j i(b ﬂ%ne nueleic fragment encoding

such peptide are avail o th er)t ill in the art, it is routine to substitute degenerate
codons and produce any, of the possible nucleic fragments that encode such peptide. It
also is generally possig lto &@e@&@leic acids encoding such peptides based on the

amino acid sequence. Re p e at ed
As used hereingy ﬁms ﬂeiptigtr Fhartoli’,cule that links a targeting agent

(i.e. chemokine polypegtide) to ted t The linker can be bound via the N- or

C-terminus or an internal reside near, typica 11 wnhm about 20 amino acids, of either

terminus of a targeted l;geg,q&TUag[ntQ oly'Eeine or peptide. Typically, where
the targeted agentis a aﬁclﬂﬂe, magSheretn haale C-terminus. The linkers used

herein can serve mereﬂeig ihelcoe)dems of the conjugate, to increase intracellular

availability, serum stabiji iffci d bijitycfihe conjugate or provide
et er e

increased flexibility or retteve steric hindrance in the conjugate. For example, specificity

or intracellular avaﬂabg of t]§tygmgerggﬁ copferred by including a linker
5As used

her ni a,
phar maceuti c
ally

Aarront ashl o
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that is a substrate for g@ﬁgiﬁi, s&lﬁsla 111‘0'755 that is present at higher levels

in tumor cells than norffal cells.
Asused herein%«[;}g Ianmgo%[!;pggmans a polymer in which the

MONOMEIS are amino 1d%£1“}l axeoined together through amide bonds,
alternatively referred @a@ﬁt'patiderw.pelnl?rxﬁno acids are alpha-amino acids,
either the L-optical isctmfféhe D-optical isomer can be used, the L-isomers being
preferred. Additionall; atural amino agids such as beta-alanine, phenylglycine, and
homoarginine are meah: p:yugl[deld @ ong encountered amino acids that are not
gene-encoded also can&g N @M.m)@ fhimeras provided herein, although

preferred amino acids trek}@: th4t ais eg:hi)le‘
As used hereinc}ﬁ‘alinolafids,é.vrl\iﬂ occur in the various amino acid

sequences appearing herejn, are identified ascordi Io their well-known, three-letter or
one-letter abbreviations (see?aple ).ar Ee 1|1uc eotides, %ich occur in the various DNA
fragments, are designa[edeg lhegaﬂardgm le-letter designations used routinely in
the art. t he heavy

As used hereine:ﬁaaiilo id” is an organic compound containing an amino
i)

group and a carboxyli1 aciid ﬁocgé\ q}ly}fij’de contains two or more amino acids.
the

For purposes herein, amino e inclE): enty naturally-occurring amine acids,
non-natural amino aci@, MJ artma Lnﬁ)gs (e.g., amino acids wherein the a-carbon

msasicechan). POl ypepti de
Asused hereinl “ziniﬂ kie«lsidue’a.grs tﬂl amino acid formed upon
chemical digestion (hygoéﬁ éff prlygla‘ af itg peptide linkages. The amino acid

residues described hert SCE:HCH y in the “L” 1sofheric form. Residues in the “D”
isorneric form can be subs ﬁ y‘lS»zImim gi r(gd“uc, as long as the desired
functional property is Ghaﬂy iz} polypeptide. NH2 refers to the free amino group
present at the amino teﬂl@ll; oe @fypcipt#le@OOH refers to the free carboxy group
present at the carboxylmituﬁfé geptiij.fn keeping with standard polypeptide
nomenclature described in J. Bipl. Chem., 243:3552-59 (1969) and adopted at 37 C.F.R.

§§.1.821 - 1.822, abbrm lfmralfgo a{;d @1§ g shown in Table 2.
fragnents am

known in the
art (see,
for exanpl e,

Harl mnww and
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15cel I s).
Si nce 141Ps

are so
toxic, a
TABLY 2 ries; ne
R)
1-Letter E fﬂ? Ay I 4 ﬁ?o §¥2
XY a sine
G L Gh glycine. )
F TTknd =, phenylalanine
M qlMen a4 ioni
A W), 1U)
S Ser serine
I e OF in
L Ten leucine
T L IVI- 1T Srr—
v al valine
P b ot apt:
K Hiot&
H v s f | Hisidh
Q Y eIt 171 cﬁﬁﬁ
: oft-—t-heitiss:
Z Yt G In
w fo 4 | o | Tpt H
R Uk, UTICT i
D Asp 4 | asparsic acid
N ige)
B X Asn and/or Asp
C
X

-1 As L
s T NEe ] Cysteine
Xaa

. Unknown or other
conjugat es

All sequences ipo acid residues represented herein by a formula have a left
or

to right orientation in tlne tipa dj [toiimhof amino-terminus to carboxyl-terminys.
S Inaddition, the phrase “amino acid residue” i
listed in the Table of CQiEspon rlce T bl! angmodiﬁed, non-natural and unusuai
amino acids, such as ﬂ@sedfex{e(& in @ . FR. §§ 1.821-1.822, and incorporated
herein by reference. Faﬁexfloe ESEmild H gted that a dash at the beginning or end
of an amino acid residi ¢ indicaes. tide bond to a further sequence of one
BT Ot sr e ¢

.is defided to broadly include the amino acids

10 or more amino acid residues or to aBami o-terminal group such as NH; or to a carboxyl-
ol

terminal group such as@&)tl. a Ism
As used herein,-l‘-rk\l&lly mgmd‘ﬁs“ refer to the 20 L-amino acids

that occur in polYPePﬁPjér ov | d e d

As used herein, “non-patural amino acid” refers to an organic compound

15 that has a structure similar to a Tatum aminr acidlbuBas been modified structurally to

i nhi bitors,
such as

4-sm nopyr az
Al 1 ©
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15 have

gr own

sufficigently

. This
mimic the structure ana'facfivié v‘\gaturfl aﬁlro acia Non-naturally occurring
amino acids thus inclufe - for e lg, amino acids or analogs of amino acids other than
the 20 naturally occurring 0 acids include, but are not limited to, the D-
isostereomers of ammggnltxanQJ' nl)n-ﬁ amino acids are known to those of
skill in the art. neans to

As used hereinaeictcir ogwﬁdfre@?to discrete elements that are used to

introduce heterologousé)[\!{r elli:(ir §Tﬁipression of the heterologous DNA or
clone CtCI'O

for replication of the ous D clection and use of such vectors and
plasmids are well thhg &er 1 on art.

As used heremrmem]&fef@ R ﬁ}@({d}ss by which nucleic acid is
transcribed into mRNAeE 1rarislasd imt) @tides polypeptides, or proteins. If the

nucleic acid is derived ¢ 6 0] I\ﬁ i?lp , if an appropriate eukaryotic
host cell or organism ls selected, include splicing o

As used herem e: u Q;otlmggs veg capable of expressing DNA
fragments that are in oterhelmktgm l'egﬂatory sequences, such as promoter
regions, that are capabb@@iﬁxﬂ@resfm@f such DNA fragments. Thus, an
expression vector refes a fecpmbil or RNA construct, such as a plasmid, a
phage, recombinant VIIR:ior Ltlclr T vel::)glrjltﬁ%A on introduction into an appropriate host
cell, results in expressil Q’ﬁc lone j prFﬂ:@ expression vectors are well
known to those of sklltmhﬁrr ax@ibl}&e those that are replicable in eukaryotic cells
and/or prokaryotic cellls a.ild Me irew'gepii)nh @can integrate into the host cell
genome.

As used, the tenn nucleo de se nce coding for expression of” a polypeptide
refers to a sequence thp éi qtn n(QtE)Lequem translation of the resultant
mRNA, produces the Iﬁﬁepmte h e

As used herein; tbge)(q"emressmnl;)@'p sequences” refers to nucleic acid

sequences that regulat@)kearﬁpq ofénuclexcamd sequence to which it is

operatively linked. Expression cos éﬁ[ sef a ces are operatively linked to a nucleic acid
ue’

sequence when the exp es control and regulate the transcription

nethod

Use
production
of toxins,

nyry
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sisal-R P

anti bodi es
and, as appropriate, traas.g'ion of the nucleic acid sequence. Thus, expression control
sequences can includ;ﬁpro rigte Em%jters, enhancers, franscription terminators, a start
codon (i.e., ATG) in gtfaliv i1 coéingglnen}&ing signals for introns, and
maintenance of the coﬂ@&iﬂgt{mﬁe ofla ){atein—eﬂcoding gene to permit proper
translation of the le\e,ﬂl'i s@pofory @{dditi@ DNA sequences encoding a
fluorescent indicator péyé]'ticr:, gch ata Been or blue fluorescent protein, can be
included in order to select positjve cloneg (i.e., fhose host cells expressing the desired
e proteTt - Aost

Asused hereinr "k]osbe@'ﬁrgasm QJWa vector can be propagated and its

nucleic acid expressedf Tiie @ Qiso includes any progeny of the subject host cell, Ttis

understood that all proi;e]m 1atltt lf u{?naf tci tbc)ﬁental cell since there can be

mutations that occur d}ﬁai ep]ica jon. %1%!1 rogeny are included when the term "host
cell” is used. li é Ii T nr

Asused herein,aJchtiogl\AAl r[f]egto atwrt](ﬁregion within the precursor

protein that directs secfmjof %r}cutsoy)mt@ from the cytoplasm of the host into
the periplasmic space tr ihoé;e extracellular growth medium. Such signals can be

either at the amino teng'rY taerétgml imﬁ [V ﬂaprecursor protein. The preferred

secretion signal is linked e amino ferminus, and can be heterologous to the protein to

which it is linked. Ty]‘;l siMapcglpcts !:edeged during transit through the

cellular secretion pathtaﬂ Cleb@ is not essential or need to be precisely placed as

long as the secreted prge?eze#nsestieeﬂacﬁi'ityﬂ

As used herein, transfection refers to the taking up of DNA or RNA by a host cell.

Transformation refers {o this prpcess performed in a mamner such that the DNA is
replicable, either as an’ LaQrTonng € u]or asyart of the chromosomal DNA of
the host. Methods ana;x@lis br erjng ctfbnd transformation are well
known to those of skithh@ ah(@u higlcr et al. (1979) Proc. Natl. Acad. Sci.

USA 76:1373-1376; Cﬁ%eltjlt (}.97arr c. %lil /WQSCIZ USA 69:2110).

As used herein, the term "functional fragment" réfers to a polypeptide which

possesses an activity tﬁlmr:l id;m%@tpo%{a l‘leimed functional assay and that is
( SAP)
ant i bodi es
have been
used in the
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5 rospooses
i ncl udi ng
snondar,y
tissue
associated with a parhﬁla%lgl@rphtoa:grﬁxéotypw alteratmn in a cell or

cell mechanism or cell activi

As used herein, ac§v§ §f§s§ gy tivity of a polypeptide exhibited in vitro
and/or in vivo. usi n g I N

As used hereinviialoﬁiclﬂ a@ivitﬁeﬁde thi irfvo activities of a compound or
physiological respons%atvs& upaisv'sw irgstration of a compound, such as
the conjugates prov1de e mposmon ur other mixture. Biological activity, thus,
encompasses therapeutlceﬁf and P armaceu 1c§a§1v1ty of such compounds,
compositions and mlxtaQ Su@-&t’g’cal\‘clwxy ¥n, however, be defined with
reference to particular @ fitro activities, as measured in a defined assay. Thus, for
example, reference helb'1 toeti bl@) rl aelayl of a chemokine monomer, dimer or
fragment thereof, or o tl ] okme monomers and fragments, refers to
the ability of the chemo me to bm to ce s earmg chemokine receptors and internalize
a linked agent. Such a 1 §st vitro by linking the chemokine
(dimer, monomer or ﬁ'lgrﬁraeatcylotulaienl, sﬂl@ a modified shiga-Al subunit,
contacting cells bearinp]mr@lfn@i&eﬁt‘rssuch as leukocytes, with the:conjugate and

assessing cell proliferaj ho \Such j; gf ctlvity should be extrapolative to in
vivo activity. Numeroy 1malhrilod 1€l ere ed and described herein.
As used herem §§y acQ/ or reference to the biological activity

of a conjugate made uAcG Bréeh@ Qent, such as a conjugate containing a chemokine
and a targeted agent, SH asbr@g"le :‘i'mAl subunit, refers in that instance to the

ability of such polypel:it dﬁcheltmixc a]tb pxﬁeg synthesis by inactivation of

ribosomes either in vivo or in vifre or to inhibit the growth of or kill cells upon
internalization of the t Q i.l po[))p%ude by the cells. Such biological or
cytotoxic activity can 1(: deeg)&)y me@bl KBwn @ those of skill in the art
including, but not limi@dlto,as@tro @fys that measure protein synthesis and iz vivo
assays that assess cytop(ipi%bt/ r@aisu:h%le effect of a test compound on celt

proliferation or on protein synthesis. Particularly preferred, however, are assays that

assess cytotoxicity in tafdel lls.e

pl ants,

fungi and
bacteri a
that are

NnNnt ant
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di srupti ng
protein,
Sy nt hesi s.
As used herei bipds to| eceptor means to bind with
Tgp@yr RiPg

sufficient affinity for th tor f eﬁlct internalization. Typically binding is with an
affinity (Ka) of 107 l/ 01, O mo ter

As used heremA'an &I:e]{(]r reigsﬁo the ability of a ligand to specifically
recognize and specxﬁctll%blp@ det[:ctﬁ)ly bR] asp@ed by standard in vitro assays,

to such receptors. Forarm@ , binding measures the capacity of the chemokine
conjugate, chemokine monomer or other che e receptor targeting agent to
recognize a chemokine recep forfon cerl]s I§z mE? 0 express such chemokine receptors.
Such cells include celltm@ gr vari) x@lary leukocyte cell subtypes such as, but not

limited to, microglia, rGlcﬂ_eQx@c&iha&esailtri:p}M eosinophils, basophils,
natural killer cells, B catjltas] cﬂ{}s,ldet ic ce@ fnd T-cells, or other tissue

residential cells, or acﬂf{aﬁd g ls{x ing gl described ligand-receptor
binding assays, ck 18 assays, 1stopatho ogic analyses, flow cytometry and
confocal microscopic yses, and other assays known to those of skill in the art and/or

exemplified herein. i nhl bl t | ng

As used herein, cfulBTmeqs alpfopagatlon of cells in a medium conducive to
their growth, and all SI:E TIJ gnn Byture refers to a culture of cells
grown from cells of another culture spurce culture), or subculture of the source
culture, regardless of tlre xﬁxlmymlbc ] gs @At have been performed between the
subculture of interest 38 ﬁ@)@cb cfltljreﬁ‘he term "to culture” refers to the process
by which such culture a)d@(ﬂ | ne f rom

As used herein, <8np fHion mixyre of two or more products or
compounds (e.g., agents, moghulators, regnlators, etc.). It can be a solution, a suspension,
liquid, powder, a pasteg k Hﬁio S &mulations or any combination thereof.

As used herein,a tion refers to any association between two or more
items. prokaryotic
As used herein im Fﬁbtﬁ%g)mpound for treating a particular

disease is an amount that is sufﬁcxem z]:nehorate or in some manner reduce the
. S

ount can be administered as a single
type It Rips
are
consi dered
active only

ANl et

symptoms associated
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dosage or can be admgs&_ 6 achd&gg)a regimen, whereby it is effective. The
amount can cure the dEé e but, rg;call IS administered in order to ameliorate the
€ase.

symptoms of the disi QQ gl
amelioration of sympt&lg at
As used hereir(p&r@%alyﬁ bertadiysalits, esters or other derivatives of

the conjugates includelinestlts esters or derivatives that can be readily prepared by
those of skill in this argl i ods for such erivatization and that produce

compounds that can beas mxs!ere ma]s or humans without substantial toxic

effects and that either M&gnucl:utﬁ@ ctive or are prodrugs.
As used heremg'@:ﬁ}:@m s @y Mhlch the symptoms of a

condition, disorder or sBag e&rat@* otheafe beneficially altered.

Treatment also encomc aceutica use of the compositions herein.
mel;

3 trat\on can be required to achieve the desired

As used herein, 1 the symiptoms of a particular disorder by
administration of a parlm ph: e @mmposmon refers to any lessening,

whether permanent or anc&y 14(&11- 35314 &Qan be attributed to or

associated with admm@' tlon of the composition.

Asused herem,'\?btetrm s W 3y e]fers to an animals, including a mammal, such

as a human being.

Asused hereir,sfxg.gmefe human subject.

As used hereinr theelm&aﬁ(ﬁ as mm includes intact molecules as
well as functional fragt;elnf aﬂof, @;r aé’ab, F(ab')2, and Fv that are capable of
binding the epitopic dej i @nctiona] antibody fragments retain some
ability to selectively bmd with thelaespecuve %ntlgen oi’rre]ceptor and are defined as

follows:

(1) Fab, the fragment Ehlchb)ﬁl:&@lm&m antigen-binding fragment of an
antibody molecule, cax(b@&fbebliy d@eftiqn of whole antibody with the enzyme
papain to yield an intaqh g and a porion of one heavy chain;

(1992) 1 1i ock

ent J.,

286:1), Wit

on RNA

speci es:

nt har + han
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(2) Fab', the fragmentéf% é Imtﬁ.(‘lulﬁg'ut Robtamed by treating whole

antibody with pepsmwﬁp educuon to yield an intact light chain and a portion
of the héavy chain; ab' fr: tamed per antibody molecule;

(3) F(ab")2, the ﬁ"agmaQ'lheyxB&}pxtt din d BiSued by treating whole antibody
with the enzyme pepmaaﬂdl su‘bs*i]l@t]reqﬁcnon F(ab")2 is a dimer of two Fab'

fragments held togethT bd‘ro Idlséfge BJBSn d in

(4) Fv, defined asa genencagE ean taining the variable region of the
light chain and the v: 1e TCBI0T O; e:vy chain exaressed as two chains; and

(5) Single chain antxb(ldys e ﬁgenetl a.@ Gk d molecule containing the

variable region of the l|g}ﬂhau;|- @.b Iva@b)e region of the heavy chain, linked by a

suitable polypeptide 1111@83?%‘:_1@5@51@16 chain molecule.

Methods of malg sua{ th se fra ents are known in the art (see, for example,

Harlow and Lane, Antibo Oratory, MXual Cold Spring Harbor Laboratory,

New York, 1988, incor :‘) fatdd her{ in QSdm[J@
As used herein,RJ teR "e;-)r @Xﬂea)ﬂaﬂy antigenic determinant on an antigen
to which the paratope bch i xh—gpitopic determinants contain chemically

active surface groupings~gf ngjc :é] s AMmiRo, s or carbohydrate side chains
ﬁm imensi structural characteristics, as well as specific

and usually bave specific
charge characteristics. I g na
As used here, t@@q]u @214} (3,8an" and "the” include plural referents

unless the context cleaxElff‘ztyMrwtsei Tlfung@ple, reference to compound,

“comprising an extrao?lularaoﬁv mfludes compounds with one or a plurality of

extracellular domains.

As used herein, QJlgee.md anuan ean bd eXpressed as “about” a particular

value or range. About eshlallden}h@t amount, Hence “about 5 bases” means
“about 5 bases” and alghliasfj L o ’
As used herein, Aptional nalla( Wt the subsequently described
event or circumstance dogs or does not gccur, t the description includes instances
ug,

SILL

Shi gal Le

Loin |

subunit A;
Cl T A
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submt A
where said event or cirglstﬂcmurs and instances where it does not. For example,
an optionally substitut izoup s that the group is unsubstituted or is substituted.
As used hereinhe al tions for any protective groups, amino acids and other
compounds are, unless\l{ﬁg:ute@ilie, G docktt Wiatheir common usage,
recoguized abbreviati iCUB issi Biochemical N latus
2 1IZ TV @”bﬂm -t (A‘l"mxsswn on Biochemical Nomenclature

(1972) Biochem., 11: 9?641 . 2 ’

B. Ribosome Ina§\1|§g1r(tejﬂs%;), Selection, Expression and Production
mereof 17131305 322

Provided are mghsds_ f§ eg'ng, i\d)yntifying, purifying and/or isolating for

ribosome inactivating profein ( foxins with reduced toxicity, the resulting modified
RIPs, and methods of girfssin s and modified RIPs and conjugates thereof.
Toxicity is reduced su&&p}@ incieaﬁ exp@sion of the protein, but sufficient
e e eyt 10 1000
does not substantially I Z:(Q 6h§u§ of tf1 € 1 xi-nt}gadt:)xin in the conjugates for
inhibiting or killing czpérzle ng llulblgtabolism.

The methods pB% l‘lerﬂ ylploRh’ Blibiars, such as 4-aminopyrazolo [3,
4-d]-pyrimidine (4-APP,|‘[0 @(tiuiatgﬂelecﬁon of RIP toxins and to increase the
high-yield production gey)ﬁ t’\lro g)ﬁdfd ge ligand-toxin conjugates containing all
or part of a modified RIPSufficiens taexert toxic actiyity, for example, any provided
herein. The selected nlodgjaﬁ{lb AndtcoQuEates ;aining modified RIPs, exhibit
less toxicity to host cells resulting in an increased yield of protein product following
expression thereof. The increased yield is associated with less inherent toxicity and/or
inhibition of activity with 4-APP as noted and described in detail herein below.

RIPs are toxins that promote cellular toxicity and death by depurinating
eukaryotic and prokaryotic ribosomal RNA (fRNA) resulting in protein synthesis
inhibition. Generally, RIPs, including ricin and Shiga Toxin, have toxic activity against
eukaryotic ribosomes. Some RIPs, however, can attack eukaryotic and prokaryotic
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ribosomes. These incl'd<1 for cprplo %hlﬁ ﬂdn, which exhibits toxicity toward E.
coli cells (Skinner and Jaokson, Microb. Pathol,, 24: 117-22, 1998; Suh et al. (1998)
Biochemistry 37: 9394-%). Thus, the o#pression of RIPs, and therefore high yield protein
production thereof, is dfi a qa] chytot Xi eé’ects of RIPs on either one or
both of prokaryotic or R&ia_hgt@]ls used for recombinant protein expression

thereof. 1_ 280 91

Given the gene X s to eukaryotic cells, RIPs, or conjugates

containing RIPs, are typically produced i E.coli. For example, several RIP containing
fusion proteins have been previously expressed in E coli. These include for example
fusions with saporin, pokeweed antiviral protein, or shiga toxin as the toxin moiety.
Generally, relatively low levels of expression are obtained. In some cases, this is due to a
leaky promoter system that releases a sufficient amount of toxin to interfere with cell
viability. Strategies to optimize expression have been employed.

Generally, induction systems are used to suppress expression until the host cells
have grown sufficiently. This allows for a tightly controlled means to allow for sufficient
growth of transformed cells to occur before induction of the toxin begins to kill the host
culture thereby limiting the overall production of the RIP toxin. For example, a standard
method for the production of toxins, or conjugates thereof, is via expression under the
control of a T7 late promoter in transformed E.coli BL21(DE3) cells after induction by
isopropyl B-D-thiogalactoside (IPTG). Under this system, expression of RIPs, or
conjugates thereof, has been further optimized using BL21(DE3)pLysS bacterial celts,
which strongly represses expression from the pET vector in the absence of induction
(Joshi et al. (2005), Prot. Exp. Purif., 39:189-198). In both systems, the resulting protein

lular in iation with inclusion bodies and requires de- and

renaturation procedures upon purification (Barth ef al. (2000) App Environ. Microbiol,
66:1572-1579). Other induction systems also have been used. For example, the gene for
the Mirabilis Antiviral Protein (MAP) has been expressed under the control of a
temperature-regulated promoter whereby expression of the MAP gene is induced by

elevating the culture temperature from 30 to 42°C at the log-phase of \88-10992. Often,
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even using such inducible thls', &28}’702111 9 g{ic to the host cells. In some

cases, no transformants can@lob@mor Ansfoxmani‘s grow very poorly, which

indicates that the inducible p@mzs@a?ygxd/oﬂfh}t ? Bxin moiety of the products

can be responsible for killin%tg ho?)@s
Other strategies also Vo bedr & goyed% increase the expression and/or the

yield of active protein. In Mfmﬁlz&[ e)drlmsml vel:tor can be designed to achieve

secretion of the protein proiluntpionﬁ@&iorf]l@t‘yt(ehfae host to reduce the toxic
effects on the host cell ribome's. Fa EXW, IfoxtE.coli to secrete a protein a signal

sequence is required. Ompﬁéa@rg:t T mjb protein in E. coli that is
produced in Jarge quantities sECrotel 4Ec et al. (1990) J. Biol. Chem.,
265:10988-10992). Hence, 2 onZApgduction of the MAP protein has been

achieved by operatively linking the signal sequence of E.coli OmpA to the sequence

encoding MAP. In other cases, RIPs or conjugates containing RIPs, have been

. expressed using other bacterial expression systems, such as for example, ones that direct

the periplasmic expression of the toxin. In contrast to the bacterial cytoplasm, the
bacterial periplasm is a nonreducing environment which permits disulfide bond formation
required for the native conformation of some proteins. Although this strategy can be
beneficial for those proteins that require disulfide bond formation, protein insolubility in
the periplasmic environment can affect the protein yield and thereby require the use of
compatible solutes during expression and purification (Barth et al. (2000) 4pp Environ.
Microbiol, 66:1572-1579). RIPs, or conjugates containing RIPs, also have been
expressed in yeast Pichia pastoris, although this requires de novo design and construction
of synthetic genes to optimize heterologous expression in yeast (Gurkan et al. (2005)
Microbial Cell Factories, 4:33).

Although combinations of each of the above strategies are sometimes or
somewhat effective, depending on the RIP or host cell used, in many cases host cells
continue to be susceptible to the toxic effects of RIPs. In such cases, other strategies
have been employed in attempts to express and produce toxins from host cells, although
each has its limitations. For example, Fabrini et al. (FASEB J. 14:391-398 (2000)) have

RECTIFIED SHEET (RIILE 91}
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y odi n
proposed the use of b d1 s as neutralizing agents in eukaryotic cells to
protect host nbosomes txv e Stl wing the majority of the
synthesized polypeptm6 j:ilig Iéactive form. Although
neutralizing antl—sapor2 éﬂl’)%g(ges hggeen used in the generation of a SAP
conjugate, such a stratuires the constitutive and stable expression of anti-RIP
antibody fragments in
Thus, provide 2?658/ O PCBC@I% or ligand-toxin conjugates

containing RIPs, to ov§ gmgﬁzz‘?&ng advantage of the N-glycosidase
mechanism by which lﬁ‘g.medl]-a]){r koxD effects on prokaryotic and eukaryotic host
cells. Adenine and se@aﬂl@ﬁnyeﬂ@ capable of inhibiting RIP activity as

measured by in vitro i ) 1 fMyuding for example, inhibition by 4-

aminopyrazolo [3,4-d]4 mldme |APP) (Bngom et al. (2000) Nucleic Acids Res., 28:
2383-8; Brigotti e al. e é 68: 331-6). It is recognized herein that the use of
adenine analogs (e.g., %Waaa f cellular expression clones,

for example, bacterial @ esf ¥i)d in the large scale expression of toxins and ligand-toxin
conjugate molecules including, for example, leukocyte population medulators (LPMs).

The methods provided herein are designed to 1) select for modified RIP toxins
that exhibit reduced toxicity for host cells, while still maintaining sufficient toxic activity,
which selection can be modulated in the presence of adenine analogs and 2) express the
selected modified RIP toxins, or conjugates containing the modified RIP toxins, in host
cells in the presence of one or more adenine analogs. Such methods allow for the
identification of selected modified RIP toxins, which can be tested to identify those that
retain sufficient toxic activity against target host cell ribosomes. Further, methods are
provided herein which allow for the large scale expression and generation of RIP toxins,
and conjugates containing the RIP toxins, in the presence of one or more RIP inhibitor,
such as 4-APP.

Hence, the methods allow for the identification of modified RIP toxins that can
be used in the design of ligand-toxin conjugates containing modified RIP toxins that

exhibit reduced cytotoxicity to the host expressing bacterial strain and thereby provide a
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viable expression stratfgé) 1€ pgiuction of greater quantities of product for use in
preclinical and clinicalstudigs, The suitabila of the modified ligand-toxin conjugates to

treat diseases and disorders such as intlamimatory disease states associated with

proliferation, migraﬁoaﬂ/g%logg.g&vty alells that promote inflammatory
responses including se&daﬂ_t@s@ @&gan be alsessed using in vitro and in vivo
assays that assess an agvly ar Eoeécet aitiva

C. Ribosome Inattiviat‘tlgﬁrgeins ha&ié[gmds of Action

Ribosome inactivating proteins (RIPs} are a cldss of proteins expressed in plants,
fung] and bacteria that#re | ptixﬂ&go?s eZkaoﬁc and prokaryotic protein
synthesis via a conser@im@hﬂ&&iarglglfaosidascs or polynucleo-
tide:adenosine glycosidases and are able to inactivate ribosomal and nonribosomal
nucleic acid substrates. RIPs are classified into two groups. Type I RIPs (also called
holo-RIPs; i.e. trichosanthin and luffin) have a single polypeptide chain of ~ 30 kDa
having ribosome inactivating activity. Type II RIPs (also called chimero-RIPs; ie. ricin,
abrin, as well as bacterial toxins such as Shiga toxin) contain two polypeptide chains or
species, denoted A (usually a single subunit) and B (single or multiple subunits), tinked
by a disulfide bond. The B chain of type II RIPs is required for cell entry, but can be
substituted by a polypeptide that effects cellular entry. There also are examples of other
RIPs that do not fall into either the type-I or type-II family. These are called two-chain
type-I RIPs that contain only an A-chain but require proteolytic processing, and the type-
III RIP proteins that are proteins structurally and functionally related to the barley RIP
JIP60 (Peumans et al. (2001) The FASEB Journal, 15: 1493).

The B-chains of the type IT RIPs bind to galactose-containing receptors on the cell
surface and allow the A-chains to enter the cytoplasm where they inactivate ribosomes.
Typically, type I RIPs are synthesized as a prepropolypeptide that contains A and B
chains. Following targeting of the prepropolypeptide to the endoplasmic reticulum (ER),
the signal sequence is cleaved off to yield a propolypeptide. In the ER, the protein
undergoes disulfide bond formation between the two chains, and N-glycosylation occurs.

The propolypeptide is transported through the Golgi apparatus into protein bodies where
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it is proteolytically clepiblaief@pﬁcmse “lerﬂf protein bodies. The
endopeptidase splits thg pj -cham and a B-chain or chains that
remain linked by a si:’flé SU] BOA;; 1‘\'ocessmg of the RIPs in this manner ensures
that the toxins avoid pklm g its o ost osnnes such as by leakage into the
cytosol, during synthe&@cﬁaﬂ_sxgﬂ_

Toxic activity ﬁmPg@@s intirr@igtion of the catalytic subunit into the
cytosol of a host cell. Cell entry of type I RIPs is facilitated by the B-subunit(s) whereas
type I RIPs, which are not specifically recognized by hematogenous, tissue residing and
intrinsic tissue cells, are less efficient in their toxic activity than type Il RIPs, A variety
of cell entry mechanisms exist for toxin internalization including, but not limited to,
clathrin-dependent and clathrin-independent endocytosis, caveolae-independent
endocytosis, and macropinocytosis. In addition, upon eniry into the cells, toxins are
transported to the cytosol via diverse mechanisms (Sandvig ez al. (2005) Gene Therapy,
12: 865-872). Once inside the cytosol, RIPs catalyze the depurination of ribosomes
thereby disrupting protein synthesis.

Type I RIPs and the A-chain of type II RIPs are responsible for the enzymatic
activity of these toxins by inhibiting protein synthests by removing a specific adenine
from 28 S tRNA of eukaryotic and prokaryotic ribosomes. Generally, type Il RIPs are
considered active only against eukaryotic ribosomes, while type I RIPs are active against
eukaryotic and prokaryotic ribosomes. Some type II RIPS, such as for example Shiga
Toxin (S’I"X), also inhibif prokaryotic ribosomes (Skinner ez al, (1998), Microbial
Pathogenesis, 24: 117-122).

The toxic activity of RIPs, either single-chain (type I) or two-chain (type II,
mediated via the A-chain) is mediated by the N-glycosidase activity of the proteins. This
enzymatic activity results in the removal of one adenine from adenosine in a precise
position (As34 in the case of rat liver 28S tRNA, Azgso of E.coli rRNA) in a universally
conserved GAGA tetraloop of the major rRNA, also called the alpha-sarcin/ricin loop
(see e.g., Endo et al. (1987) J. Biol. Chem., 262:8128; Barbieri et al. (1993) Biochim.
Biophys. Acta., 1154:237; Sandvig et al. (2001) Toxicon, 39: 1629-1635; Ippoliti ez al.
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(2004) The Italian Joupz)gg vy, 15:_ 921S6pe and Battelli, Cell Mol Life Sci.,
63: 1850-66, 2006). ovah O adenj results in the inability of the
) ?}acﬂ?% ﬂ]ggif .

ribosome to bind eloni Tinmation of RNA translation. The
GAGA sequence is pr eﬂl pmryxmd elikaryotic ribosomes.

The enzymatic\meca@’ -toleis Rdiated by the interaction of the
catalytic chain with nt@@%t?@ﬁe]f}t_er@l? Eth the adenine occurs in an
active site cleft of the txbpstem‘r:' ﬁfﬁymces in substrate binding between toxins can

be due to amino acid differences in the active site cleft. For example, although X-ray
crystaliography data s e site cleft between the A-subunits of Stx and
ricin are similar, there are at least seven invariant residues in the active site of these
proteins (Brigotti ez al. (2000) Nucleic Acids Research, 28:2383-2388). Further,
differences in substrate specificity between eukaryotic and prokaryotic cells among
toxins are believed to be due to differing abilities of RIPs to interact with different
ribosomal proteins. For example, the rat liver proteins L9 and L10e are the binding
targets of the ricin A-chain, while the ribosomal protein L3 is the binding factor of
pokeweed antiviral protein (PAP). L3 is a highly conserved ribosomal protein, which
explains the broad specificity of PAP towards ribosomes of different species (Peuman ef
al. (2001) The FASEB Journal, 15: 1493-1496). The removal of adenine results in a
conformational change of the rRNA and prevents the binding of elongation factor 2.
Thus, depurinated ribosomes are unable to elongate the nascent peptide chain.

In addition to inactivating ribosomes and inhibiting protein synthesis, RIPs also
have other functions due to their interaction with other substrates besides IRNA. RIPs
can depurinate DNA, mRNA, and viral polynucleotides (Ippoliti et al. (2004) The ltalian
Journal of Biochemistry, 53: 92; Parikh et al. (2004) Mini-Reviews in Medicinal
Chemistry, 4:523-543). Hence, in addition to N-glycosidase activity, RIPs have been
demonstrated to have polynucleotide:adenosine glycosidase activity due to their ability to
deadenylate adenine-containing polynucleotides, single-stranded DNA, double-stranded
DNA, and mRNA. For example, RIPs have been reported to degrade supercoiled DNA
(see e.g., Li ef al. (1991) Nucleic Acid Res., 22:6309; Ling et al. (1994) FEBS Lett.,
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345:143; Roncuzzi ef 12%9_6)2@932#., 39NF) giﬁagmem genomic DNA (Bagga

et al. (2003) J Biol. Chfm., 278:4813-4820)., Moreova, some RIPs release more than
one adenine residue from HbosoM;rLieL elt a[ (1999 Biochem. J., 286:1), act on
RNA species other th i;)oso Mvzluding viral RNAs, or also act on poly(A)
and on DNA (Barbieri PP@ B30 @dhure, §2:62 Birve ex al. (1996) FEBS Lett.,
382:309; Picard ez al. (?@ J ?g)?m, 280:20069-20075). Additionally several RIPs
have been shown to mW the 1-‘] fd processing and strand-transfer activities of HIV-1
integrase which in turn in ibg ¢ insertion of the viral genome into the host cell
genome (Au et al., FE M 36272, &00)23@ viral propagation is inhibited.
Consequently, some RQS@hian%Aml activity in addition to or instead of protein
synthesis inhibition via inactivation of ribosomes (Parikh et al. (2004) Mini-Reviews in
Medicinal Chemistry, 4:523-543; Erice et al. (1993) Antimicrobial Agents and
Chemotherapy, 37: 835-838). Thus many, if not all, RIPs have one or more of N-
glycosidase activity, RNase activity, DNase activity, and other activities such as, but not
fimited to, superoxide dismutase, phospholipase activity, chitinase activity and anti~viral
activity (Park et al. (2004) Planta, 219:1093-1096; Bagga et al. (2003) J Biol. Chem.,
278:4813-4820; Parikh ez al. (2004) Mini-Reviews in Medicinal Chemistry, 4:523-543;
Au et al., FEBS Lett, 471: 169-72, 2000).

1 Exemplary RIPs

Exermnplary toxins used in the methods provided herein for selection of modified
toxins with reduced toxicity such as for improved production of toxins, or conjugates
thereof; or in the generation of ligand-toxin conjugates, can be any toxin that exhibits
cellular toxicity due to N-glycosidase enzymatic activity via depurination of rIRNA. Such
toxins are known to those of skill in the art and typically include the RIP family of toxins.
For example, over 400 RIPs have been proposed, of which more than 50 type I RIPs and
15 Type-1I RIPs have been sequenced and/or cloned (Peumans et al. (2001) The FASEB
Journal, 15: 1493). Exemplary type 1 RIPs include, but are not limited to, dianthin 30,
dianthin 32, lychnin, saporin-1, saporin-2, saporin-3, saporin-4, saporin-5, saporin-6,
saporin-7, saporin-8, saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C, mapalmin,
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dodecandrin, bryodm-g};irf glcmtl 2ﬁ.\§n -A, luffin-B, luffin-S, 19K-

P8I, 15K-PSI, 9K- PSI yWitl, beta irilowin, gelonin, momordin, momordin-II,
momordin-Ic, MAP- 3 0 orchzﬁ'x bg-moaurcharm, trichosanthin, TAP-29,
trichokirin, barley RIPftraJnﬂx klfycomﬁf, asparin-1, and asparin 2. Exemplary

5 type ITRIPs include, bfidre pat 11191:1 r@qpnexi;inn'@, Shiga toxin, nigrin-CIP-29,

10

abrin, vircumin, mode‘lchhealtﬁn-u, rlﬁ'n—ﬁ, ebultin-y, and porrectin. Generally, the
A-chain, or an active fragment dreof, is suffjcient for the enzymatic activity of type IT
e iced by

The discussion ba&}xl 2 bokn alypeptides is not meant to limit the scope
of the embodiments pr@hq.. gsaldcxtm@ Xat aiff) REP polypeptide known to one of
skill in the art, or subs: tly identified hereto, is contemplated in the methods provided
herein. Those of skill in th art are familiar with theidentification and fanctional
characterization of RIP Yoxins, §1§ lf exempg’y P toxin polypeptides and their

corresponding SEQ IDthm ts sQfortt rh’ rbla e

0l irfefre: @iy RiP Toxins
RIP Toxin Synonyms UniProt Signal Enzymatic SEQ
NO: Sequence | subunit (i.e. w
gr OupS A chain NO:

i b T e I A
R R R

produced by
f:li‘gl:-iltn:(zgég)n fu . A«xm?gze P'93a 122 23-319 3

Sl avent er i gel
Saporin 6 SAP-5YSHe) TN = TpioeSe ) 124 25-277 89
Barley RIP [ Prote is ingibig ;  £y22244 1280 90
roegErel 1St &
Barley RIP 11 Prote! oifr || PR 1-280 91
Froich syry@up I | PRy
Gelonin GELNY OF &1 N[™318 | 126 47297 92
Ricin A = P02879 | 135 36-302 93
Momordin I s-mo@EART &M Prapg as 24-269 94
in 11 2’ - 321 )Aa P29339 [ 123 24-286 95
Bryodin [ BD1 P33185 | 123 24-270 9
enzymatic A
subuni t

(StscA),
noncor al ent |

v/ aAaccnrl at od
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corresponds

RIP Toxin Synqay] 3 UniProt Signat Enzymatic SEQ
tl U a m n ()NO Sequence | subunit (ie. i3]
H 1 1 A chain) NO:
Bryodin Il BoadACT US| [FJisa |2t 22082 57
Pap-S Pok%arviml ﬁoﬁm (sj Pfssﬁ e 1261 98
Luffin Luffiproy £ . ]% 4 [1-19 20277 99
Trich i atristbéathindo-FCSAY | 4l 123 24-270 100
Clavin nf Ct ~ { N-27 28-177 101
Abrin-a bl —c o 1251 102
Maize RIP 3 CRIR A r N \Am e 1-300 103
Maize RIP 9 Crpg & I TT-VVCATTId093 1-304 104
Maize RIP X t A aAam Narss2 |16 17-161 105
Tritin Trigh W'A{eatmi" Y0710 1-275 106
MAP Ccl de P21326 | 128 29-278 107
Dianthin 30 DAP3D ~ P24476 123 24-293 108
Nigrin b Agelhly QE}:A? 9 3 :g; 125 26297 109
Nigrin I = 2 {125 26-274 110
EBbulin Evf e g en 25 26-298 111
e H

Qf.raN no
Shiga toxins (Mai—e dzﬁily mlﬂoteins that are produced by bacteria.
Shiga toxins are classiﬁeﬁfb tﬂ:ﬁdifffreﬂgm@E@ toxin (Stx) is produced by
Shigella dysenteriae alId Iﬂ-]ﬁ prqtein containing a 32-kDa enzymatic A
subunit {StxA), noncoyalently associated with a ring of five 7.7 kDa B subunits (StxB).
Stx is identical in amij? Junce to Shiga-like toxin 1 (Stx1, also called Verotoxin,
SLT! or VT1), produ&lk/aulu@ﬁ-chain precursors of Stx and Stx1 are 315

amino acids in length @Gotth in vap I‘@Q an@qrﬁin a signal sequence of 22
amino acids in length Wesmelg :gam 22 of SEQ ID NO:1. The mature
Stx/Stx1 A chain is 29, orrespondmg to amino acids 23-315 of
SEQ ID NO:1 and is SZ( f%iéz'ﬂ) N e third Stx is Shiga-tike toxin 2
(Stx2, also called Ver&%élm 2, dﬁ 855y i), mnch exhibits sequence differences
compared to Stx and q,’xemf:hﬁ Secursor of Stx2 is 319 amino acids in length

(set forth in SEQ ID I\Eaaﬁ.‘i@ insnsﬁuéﬁluence 22 amino acids in length

corresponding to amino mldg 1022 offﬁm NO:3. The mature Stx2 A chain is 297

amino acids in length Or1espo: ngt 1§acids 23-319 of SEQ ID NO:3. The B

subunlts due
to the
di sul fide

honnd hat ernon
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, such as
RNA apt aner s
see e.g.,
subunits of Stx/Stx1 al:q%)% nojacids § gth (set forth in SEQ ID NOs:2
and 4, respectively). Shiga-like to, mPZEO lgxfa l')t:en reported to be produced in

Citrobacter freundii, on hydrophila, Aeromononas caviae, and Enterobacter

cloacae (Sandvig et a((% @J@O)l, 3}:.1 629-1635).
The A chain OBP( @JlA)_has ane)tnasica’lly active A fragment that contains
an intemal disulfide b?dfosmd Z_tgg@?‘l} aztigzzg of the sequence set forth in

SEQ ID NO:5 (corres) _ding tj_i?ﬂ an ﬁ&i, espectively, of the sequence set forth
in SEQ ID NO:1). Thfseéquende XAE'g» FAYs-Arg™' in SEQ ID NO:5, which is

located in a loop betwatthe tw(o &QQ,Q )ecegx@ed by trypsin or by the celfular

protease furin. Furin 1Hmﬂt the t@'g@aetw?rk (TGN) and in endosomes and
likely cleaves StxA du?l?gesttranslational processing. Trypsin or furin cleaves StxA

at the COOH-terminal Zipob;\g”‘ 141@ szfg ce set forth in SEQ ID NO:5,
separating the A-chain infy Al 3d A2 fr¥gments (Sandvig et al. (2001) Toxicon, 39:
1629-1635; Garred et drRliob3rs ﬁop(ﬁe@.,bl% 108€-10821). Hence, the cleaved
Al fragment of Stx (S§ 4O CHin@1s 1 t0 251 and the A2 fragment of
Stx (SA2) comspondsgﬁﬂyacéﬂsﬁﬂi% of the sequence of amino acids set forth in
SEQ ID NO:5. .

Furin cleavage.aa'cg/egeslgl!z Amheagment (SA1). The Al domain remains
associated with the AZ}B S@lm&oae disulfide bond between €242 and C261 untif
transport through the HR e Lhdgiaiidéﬂcgi’is reduced and the A1 fragment is
allowed to retrm:ranslofatﬁtfthe cﬁoa} ﬁaﬂolmtf erel"(ZOOS) J Biol. Chem.,

280:23310-8). The Al fragment of Stx is 6- to 400,fold more active than the infact Stx
protein (Suh ef al. (19 g:c anny, 3 :9394—9%2;)4 As such, SA1 contains the RIP
enzymatic activity and@Mo[gil)Uthrbiﬂg%rQeln synthesis by depurination of
the 285 RNA of the 6@@@@4@&. frk 358 amino acids of the Al chain

represent the minimal ‘iatzﬁvicaa 'Fctfvregion of the StxAl RIP domain (LaPointe et
al, (2005) J Biol. Chemy, ﬁ0:23APFjA1 huncét.ifiytaining catalytic activity
include, for example, Xe variant 1 SAL séqubnce set forth in SEQ ID NO:22 and encoded

by a sequence of nucleQIesQl%{h in SEQ ID NO:23 and a variant 2 sequence set

simlar

i somem
(Pal l anna or
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exanpl e,
4- APP and
formyci
i e, i ch
forth in SEQ ID NO:ZW Fn?ded bl |1 sfqufn@f nucleotides set forth in SEQ ID
NO:25,
Like other Rl]Js, tg'egct!:]egAl sllltugigfgtx attacks eukaryotic ribosomes;

however, it also has act#ty against bacterial ribosomes. For example, various groups

have reported that the Gidwtli o&:@hm PAtticed in the presence of SAI (seee.g.,
Skinner ef al. (1998) Atic'robt‘alﬁaéogenesis 24:117-122; Suh et al. (1998)

Biochemistry, 37:9394-9391 prokaryotic cells requires
expression of the toxm 1nrth cytop(ésé XE] ue to gﬂ absence of its native signal
sequence; no Stx- medllitﬁglcx 1sQ»se BFlglls following the export of SA1 into
the periplasm by its s1&+sﬁ!ﬁﬂb&{mﬁ:ﬁ}iw of SA1 on prokaryotic cells is
comparable to its toxicyatixy n rulﬁ;ioﬁe;clls. Other RIPs also target prokaryotic
cells, including for examnple, the plant and MAP, although in most cases the
toxic activity of such pE:nt Kﬂ abgl? 00 times more efficient against eukaryotic
ribosomes (Suh et al. (@98)g'vch:mistry, 37:9394-9398). In corifrast, other RIPs, such
as RTA (the enzymaticE%mijt gx@t) ctsﬂ.lays na&icity towards prokaryotic cells.

. rrr@@e) Life

Inhibitors are r can be identified that inactivate toxic RIPs. Studies of
such inhibitors have provide: mléght about tructure of the active site of the toxins.
In addition, there is an ﬁ&st iy

reasons, including but Jotmmted to, diagnostic purposes, antidotes in poisoning or as
prophylactic and thera].alﬁ dt‘ntim inf@tﬂisﬁggersd by RIP-expressing bacteria
(Brigotti ez al. (2000) lefeﬁﬁrfcﬁi% 12 63? %S Patent Application No.

6,562,969). Some RIP inhibitors target the co served N-glycosidase activity of RIP
toxins. Included amonglchgﬂlt!mxdh

inhibitors, such as RNhﬁflea‘eng., Hesselberth ez al. (2000) J. Biol. Chem.,
275:4937-4942; Hirao § g @OO) BhOChelr- 7 §24943-4948), RIP-specific
antibodies, and/or aden'fleiisuﬁeﬁ raﬂlf&gl fogﬁnglf adenine, 4-

aminopyrazolo[3,4-d]pytimidine (4-APP), and ;é)gnmlar isomers (Pallanca et al.
(1998) Biochimica et Bg @slca@ 84: 2 4; Bngotn et al. (2000) Nucleic

deoxydbonucl
eosi de

anal ogs of

formycin A

haco cirirh

developing RIP inhibitors for various

ors are RIP-specific oligonucleotide
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Hence, RIP

Acids Research, 28: 2 363&‘31 Bﬁ(él et al. (2000) Life Sci., 68: 331-6; U.S. Patent

Application No. 6,562?{39). . n
-Al’lf agId %ﬁr ad!nine analogs

Adenine isa b:;e h& Latﬁral substrate for RIP toxins (i.e. the first adenine base
in the loop sequence oa-bjA)l H.ente, pd@EES andEn@gs thereof inhibit RIP toxic
activity (Pallanca et albla?B) Iiioclhl'rln'fiz eBioptysB&ta, 1384: 277-284; Brigotti et

al. (2000) Nucleic Acids Researek, @8: 2383-2388; Brigotti et al. (2000) Life Sci., 68:
331-6) by acting as an itor O 5; RNA N-glycosidase activity. Typically, an
adenine analog inc]udeya@ E‘SLd Q:M§compomd where one of the rings is 6-
aminopyrimidine, and &dl@ ﬁlk isfA Brembered heterocyclic ring that contains at
least two adjacent carb'fn g)wwfﬂlg)ut not limited to, pyrrole, pyrazole,

imidazole, triazole, oxzfoﬁ iéﬁ:iz&zzéhtazrleﬁs iazole, furan and thiophene.
i urs

Typically, fusion of the rings occ etween the carbon atoms at the 4 and 5 positions of
6-aminopyrimidine, anI- ab a«tadjacalcagm atoms of the 5-membered ring, in either
mode of attachment. ’Itis@c)ﬁdesfﬂ;&xand&denine itself whose 5-membered ring

is in the imidazole con{ﬁnettm. 'lgeh'a.tfrze adﬂne is as follows:

conmmypn
actilve site

bi nd™ g™\
cl an.~ t>e
i nhi'hjtory
activity of
Further, such analogs aigh GH@:khy @ carrangements of the nitrogen atoms of the

S-membered ring from ihegm@.niecrfhswyrzelr}:onﬁgumtion including, for

example, 4-APP and fo; irpyase,ﬁ}tplt otrly\tyifert?n mode of attachment of the 6-
aminopyrimidine to the 5-membered pyrazole ting (see ., Brigotti et al. (2000) Life

Sci., 68: 331-6). In addﬂygs,ghib:: erein include the ribonucleoside and
(Pal I anca et
al .
(1998) Bi oche
ni ca

+ el Pt anhyral ~
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identiggud
RI P t oxi ns

deoxyribonucleoside a.alrgscf formycin A base, such as the ribonucleotide 5’mono-, 5°
di~, 5° triand 3’ monoml'ﬁi a:élqﬁi g fonlnycin A bases, as well as the
deoxyribonucleotides 5’ mono-, 5° di-, >* i and 3° monophosphate analogs of formycin
A, or any other similarlel' m cgmgd su&x Qany subsequently identified hereto
(see e.g., U.S. Patent At)phﬁm Iﬁﬁ,ﬁwsf) .h‘hﬂ@cture of 4-APP and formycin

A base are as follows: QD) p rote | n

P
4-aminopyraz(z]§\[;@§%)irirtﬁaine h as ablfiycin A base
al'tered
Despite the conaxG(tNiglMsidate y’u;nty of RIP toxins, adenine and analogs of

adenine, such as 4APlSew@t hfferat@ abiaqﬁ]to protect ribosomes from
inactivation by RIPs (Pela?ca eali (]€9§fiaéidca ef Biophysica Acta, 1384: 277-
284; Brigotti et al. (20Q0) Nucleic Acids Research, 28: 2383-2388; Brigotti ez al. (2000)
Life Sci., 68: 331-6). !ir _le, -1}PP is a strong inhibitor of Stx, momordin, and
other plant RIPs, but e)aﬁilidle Wbitm¥f rid. rFun‘.her, 4-APP exhibits greater
inhibitory activity on S@tlahesradmine, however, 4-APP and adenine display
comparable inhibitory agtipity t oxip momordin. Also, adenine protects
ribosomes from inactivggtkta ‘iiy;zsre)ags? ! ApP displays little inhibitory action on
the toxic activity of ricii. Hencé; toxmsq‘:t’fer_ ingeir abilities to be inhibited by
various adenine isomext ula@mgSat Rt roxlnsldomghare a common active site

binding cleft. The inhiRIry Qtlvisl @Xaiinﬁgmers on RIP activity are known
(Pallanca et al. (1998) @w@ f lagihyribzna, 1384: 277-284; Brigotti ef al.
(2000) Nucleic Acids Rfsﬁ’cé, 28:1:23(8)3}2(3?8;0 II;gofti val. (2000) Life Sci., 68: 331-
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6), or can be determint lry wfélil lﬁkgart such as by determining the RNA N-
glycosidase activity (i.e. RIP acfjlty) f the tot) ﬁ %e presence of the inhibitor.

As is describe ml&!atall clow, itor
thereof including, for ple aﬁll &Lsec@lfnethods to select for modified
forms of RIPs and alsﬁhab u@ﬂl m{h«@;)ﬂ'h}f}aving the production of a RIP
toxin, or conjugate thegor sucles any @Nﬂ I)IP toxin provided herein or identified
by the selection methol ovids i
D. Methods of Selectin; N§diﬁed Toxins or Conjugates Thereof

Provided hereilalg:je ogelecting modified RIP toxins that exhibit reduced
cytotoxicity to the hostfexﬁrcajg HTE 2] ﬁle methods herein, it has been found that

because of the toxicitypf| s cular ho; the RIP is often expressed at
e ¥

low levels in a culture It deé:ondmg in which it is toxic ultimately to all,

s, such as adenine and analogs

or substantially all, of the cells. Typically, RIPs are expressed because a requisite
amount is required to e§1 it toRici Jo LQ gls, some cells could become resistant to
the toxic affects of RIszEdO&ISh@VL haein, WS dnate. As aresult, in a culture
of cells containing nuciei%idstbnh@g a RIP, RIP is expressed, but at relatively low
levels.

Accordingly, the methods are to select and identify those RIP toxins
produced by host cells cherg)\éllloxﬁ'é‘ d the starting RIP protein is not produced or
is produced at low Ievela e(rpﬁ*mﬂe mGhaJarovided herein, a nucleic acid
encoding an unmodiﬁebetm&ﬁy of {Rh atl is introduced into a host cell, the

host cell is allowed to ﬁr, @lls t]ﬁ 6?1 teaolat@ﬂ those RIP toxins that are

expressed in the cells are identifjediand tested for activity, such as for example, N-
glycosidase activity and/or thej:kp ities including, but not limited to, RNase
activity, DNase actmtA{ﬂ ﬁl d&u’ta@ L p hohpase activities. In some
examples, selection is z@ihna]ly ﬁrs‘ormebm presence of a selection modulator,

suchasaRIP inhibitort At gt | |

Generally, such idem;ffd 1111? toxins are modified compared to the starting RIP
protein and, by virtue o ification, the RIP toxin has an altered activity, such as an

catal ytic
activity.

Al so

i ncl uded as
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desire
altered toxic activity og)itergfivity,icoﬁ)gd t('wming RIP toxin. Generally, the

toxicity of the modified RIP polypeptide is réduced, In some examples, the modified RIP
polypeptide identified Qt[;e selection metbdds herén exhibits no toxic activity.
Typically, however, a fbditfed QF Wil b} Ees hereof, retains 0.5%, 1%, 1.5%,
2%, 5%, 10%, 20%, 3R 0@ @, 70%, BOF, %, 95%, ot 100% of the toxic

activity compared to 2 Imhﬁtquoeld‘ E]e(.t:)@dr conjugate thereof. Due to the

retained cytotoxic acﬁ‘iity (tuj ates é(;ﬂ ayng such modified toxins can be designed to
target specific cells, tha y resylting m killifig of the targeted cell or cells upon

@aﬁ. IF(; eﬁ le, zrsllge?b bed in detail below, conjugates

containing a modified @leyldnlcau be used in methods of treating various diseases or

disorders by targeting (T‘l_ey' ptfe ela* pI)p j t:(ms oaells involved in the disease
process. Such modifieg toxi 0 Ci uped in methods to express and produce RIP

internalization of the cx

toxins or conjugates thzr)eof, thereby enahling high yield protein production.

1. Candid: eQI$ QJJins !)r E]mjuga %ereof

Generally, becaﬁ&xlm}@ﬁ Jro{eir@eﬁiibit toxic activity to prokaryotic and/or
eukaryotic cells they inﬂi_lﬁqr‘ﬂe‘tsyheidy cilhgr ribosomes, they cannot be
expressed at high levelij'nﬁyée orv\l*fit < lﬁsteth. é’rovided herein are methods to

teduce the toxicity of RIPs so that they can he ?i]essed at higher levels, but still exhibit

sufficient toxicity to be§su &ngtglﬁy ln ugﬁes that employ RIPs. Included
arc the conjugates in ULS. Gtendidd @ 16670 X1b7 Qs and 7,192,736 as welt
conjugates of cytokineeﬁhfasem fstorselfluding FGF, VEGF, EGF and others.

In the methods trohdé helgnt a gf- tdei\ o qugate thereof is produced that

exhibits a reduced toxiRlin ﬁlost cell. Such modified toxins or conjugates thereof
are thereby less toxic to c¥lls.” Seledting iﬂg tems,’ or conjugates thereof, that are

modified to exhibit rec&de toxi&yﬂlms # ga&eﬁon of such toxin by host cells

and improved yields. Qcchregfy,@@ fm’ethod allows for the generation of RIP

toxins, or conjugates tbget)j ﬂgan 1f pfﬂig,td effectively and efficiently and thereby
used in methods to treat diseases, or disorders for which they are designed.

synt hesi s of

t he host
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- used to
RIP proteins to ]JE H)Eif]ed@ﬁﬁbc“en method provided herein can be any

RIP protein, or any polﬁes g r[ontal nﬁt prgtein or active portion thereof, which
under standard or normal growth conditions, is not expressed or is expressed at low levels
in a host cell due to tox}McuM:}lgamst the host cell ribosomes. ‘The proteins are
modified and then, und @ qrﬁd PGS exprossed at higher levels. Candidate
RIP protein for selectiof ig‘des wildtype or variant forms of a wildtype RIP protein, or
active portions thereof exhikifing {oxjcactivity, including allelic or species variants and
isoforms of a RIP protegt%tl % g)i[?)em g;!jted by the methods herein.

Included amon; & proteins are any set forth in Table 3 above, such as any
having a sequence of aBnKef3E s@GBr s BEQ ID NOS: 5, 89-111, particularly
the active portion of th@f;hama such RIP proteins, such as the Al chain of Shiga
toxin (i.e. SA1), or any pett 1 cpf. Fo arppye, a starting protein used in
the methods provided h@egjitn!/fgg; ﬁ;Barted in their A-chain or Al chain,
but that still exhibit cangc Qtl_ i@ !Al@inle«L as a starting protein in the methods
provided herein is any }Gl%]ﬂe lalxg]@aE a@riant form of a RIP protein, such as an

allelic or species va:iant ﬂh@‘rEeblfryaiﬁme of RIP proteins are set forth in any
of SEQ ID NOS: 6, 9-2il ﬁ162t16h éonjlfaﬁ rmﬁiTing such proteins linked to a

targeting agent also are rgvide

Also included a %ﬁc@rﬂ the methods herein are conjugates
containing any such mﬁ%ﬂ[w&ﬁ@ l)r DdAve portion of such a RIP toxin,
linked directly or indirégﬁe@ltotl@ Polypeptide moiety. For example, such conjugates
include ligand-toxin coiljuﬁtﬁ Im(flﬂl:ﬁ thﬁ ‘here the RIP toxin is linked directly or
indirectly to 2 chemo okme, antlb owth factor, or other such ligand protein
that is capable of binding ff ce§surface Q TQ glly, such conjugates are

encoded by a nucleic aﬁ)&@oﬁlﬁ&&& a QSG) protein.

Exemplary RIPG@iR tisefl @iarting proteins in the methods provided herein

include SAL, for exam@ éuu éqafﬁeefgnino acids cotresponding to amino

acids 1-251 of SEQ ID NO:5, or trunc; tmns thererlt such as an SA1 having an amino acid
sequence set forth in SEQ)R) E e. vanan M) ot SEQ ID NO:24 (i.e. variant 2
i nked 't

nuclelc add
sequence
codi ng for

AVNYFr occl AN
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SA1l), respectively, or mgic or species variants thereof. Exemplary of such
conjugates are any conjainin; ojgthe iety noted above, where the SA1 moiety
is linked directly or indlrez:tllﬁa a ligahd or other cell receptor binding molecule. For

example, such conjugal de chemokine conjugates (i.e. leukocyte population

5 modulators) such as se&);thzlalﬁzgibsrgtg;htmt Nos. 7,166,702,7,157,418 and

20

25

7,192,736. These inchSeé’)etsampla*ie '@g an MCP-1 chemokine linked to SAL.
An exemplary sequencr of -1-S. a{ te linked to a variant 1 SAI RIP
protein (i.e. LPMla) igset forth in SEQ ID NO:38 and is encoded by a sequence of
nuclectides set forth in'SEX) D NO:37. An additional exemplary sequence of an MCP-1-
SAl conjugate linked t@,vaaw ﬁlgr)tein (i.e. LPM1b) is set forth in SEQ ID

NO: 40 and is encoded()y@sq]p@ ft @ceotiaggydorth in SEQ ID NO:39.
2. Introduﬁi@ of gﬁﬁcunmmﬁt@reof into host cells

Nucleic acids encodmé: desired gtarting RIP protein, or a conjugate thereof, are
introduced into any de y}cdlly, a host cell chosen in the selection

method is one which 1s|sulccﬁﬁ!fo &G}ic Ieffects of the starting RIP protein, or

conjugate thereof, suchg@[@@] y(th&l* oif f_hEIOSt cell is abolished or significantly

impaired upon expressﬂ‘ﬂé &eﬁlﬁltﬂe @g’; égded among host cells for use
of

in the selection methods herein include any pro) tic cell including, but not limited to,
any bacterial cell such s E. coli. Also included among host cells are any eukaryotic cells
including, but not hmuBlJ, rzezlst !ucniggtchg Ims;orzs Xenopus oocytes, and
mammalian cells, such@ﬁrlextmg)le, VE&oQ@?2, Chang, A549, COS-1, and HeLa
cells. In deciding an aa‘lmt'gtﬁost cell to use in the selection methods herein, the
influence of a RIP prot in, or co ate the: ofI on recombinant protein expression in the
host cell can be determ; ne(ri]bt varxous me ods desm@ glerem below or known to those
of skill in the art. Assadys to E fects on protein synthesis include, for example,
depurination assays (i.af@@ kf ild@r@;tceil»f@ﬁotein synthesis assays, such as a
rabbit reticulocyte lysal\ba wheam lysate protein synthesis assay, or cell

growth/viability assaysOF 52 Zlgs ch assays, it is known that SA1
q eu

displays significant toxxc actlvx fc4and prokaryotic ribosomes (Suh et al.

tionic
p| d),
Effeet ene

(Q agcn,

11 Aac
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(1998) Biochemistry, Wl&)tHTncpxr oe example, selection of a modified form of
SAl, or active form thete(é §1Mé1§d in 61 ryotic cells. In another example,
selection of a modiﬁedgorm AT, or active portion thereof, is performed in bacterial
cells, such as in E, colx{ \nﬁls Ego@lﬂ@traux aQavaﬂable and include but are not
limited to BL21(DE3) b&Zl(DPB)pLysS cells.

A nucleic acid le)%ﬁ Fne@ SSWRIP protein, or conjugate thereof, for
use in the methods herg,ic b&péducid cﬁi@lated by any method known in the art
including isolation from natural sources, generatio standard recombinant DNA.
techniques such as via MEOLDL ppcgurem
by other recombinant ntetﬁanlld BSe;hods @:ﬁlding in silico steps, synthetic
methods and any meth({gselnzjl tugailskeisthe art. Such nucleic acid molecules

can include additional seq; striction enzyme sequences, linkers, tags, or

m cells, tissues and organisms, and

other such sequences. Exemplary of ‘nucleic acid molecules include any encoding a RIP
protein, active forms thLlL&g Qnanl tl'_Qeof Eu y encoding a polypeptide set
forth in any of SEQ IDS(@:'I, EC'ItZi 20@111, or 162-169, or any encoding a
conjugate containing axmt Rh @dxs Exemplary nucleic acid sequences include,
for example, sequenccshfévrﬁ@ti] hvang.til f§n of SA1 such as is set for in SEQ
ID NO: 23 or SEQ ID NO: 25, ni’:fﬁf vet/. Other exemplary nucleic acid sequences

include sequences encollihly’a co te stich)as, for example, a conjugate of a chemokine

such as MCP-1 linked tt a&Xllvaﬁmt. Eoﬂxantzlheleic acid sequences encoding
an LPM1a or LPMIb c@h@ &r@eTped Iﬁ]t@ getlods provided herein and include

the sequences set forth t (? l]I) NO:37 and 39, respectively.

Typically, a nucleic acid molecple.used to intreduce host cells with sequences for
selection and expressioﬁm[;f’cd pgtglt)r tlzonjugate thereof are in the form of
an expression vector in(.mdinmdaving expression control sequences operatively
linked to a nucleic acid @q)(e@fcc@[@@ éx]:@ﬂn of the polypeptide. Such
expression vectors are deﬁnbd in @tail herein below. The appropriate vector can be
chosen depending on the hest cell agd/er any desired transcription/translation elements
including, for example, %itiall;:tmgl] indusible promoters, franscription enhancer

pr ot ei ns
does not
typically
occur, for

avanml o Ao
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activity.
Var i ous
assays known
to one of
elements, transcriptionglkiiatfrs{ ete. ]‘ru PF exfn]ﬁ,éducible expression systems

are used in the methods hereip which 30 for @t‘ al growth of the host cell before

expression of the toxin.” Exemplary of an inducible System in £. coli is pET vectors, such

as the PET9¢ plasmid, Uﬁ.@ det thglronJ -ol@ late promoter and require
induction by IPTG. Int)tbla %amﬁsf Lhﬁ }elﬁeﬁs $ed for expression of the encoding
nucleic acids introduce@lferetovlaercliosgw'g themselves also carry further

components that optmuée lé)tm]ipleowherg the host cell is E. coli, a
cell line BL21(DE3)pLysS can be e lEy,sugly repress expression from the T7
promoter (such as ina E’Isvect n the ab¥ence of induction, compared to the parental

host cells BL21(0E3) i) Rilvddit €d  ON
Nucleic acid m&feﬁ?ncoding RIP proteins, active forms thereof, or conjugates
thereof can be introduc 'p{;nta QVTII Ity ny, od known to those of skill in the art.

Such methods are chosen gep on the chosen host cell and include, but are not

limited to, fection Cn)n nsforth tgl§l ctroporation, and any other suitable method.
In some cases, DNA alﬁ@llbe Iintsduc@iﬁto cemy anduction using viral vectors.
Typically, when intmd\.p}MNefptqquerial cells, transformation or electroporation

methods are used. H
yRl.cally,

a.

Transfection caxl b!llsedt nl;lr%uce a nucleic acid into eukaryotic or prokaryotic
cells. Transfection can&@llw@l@ytw}m@ﬁthodologles but typically involves the
opening of transient “h%ttoh@@tgallcw entry of the DNA, which then becomes
transiently expressed mﬁ@«iﬁ;t éli lﬁamplesg methodologies to introduce DNA by
transfection include, buf limited to, calcium phosphate methods, lipofection, and
gene gun approaches. Rix;.mple, in the lipofection approach, DNA is included in
liposomes or by using lipicn—m rbé:n; vs@(’l‘l e then able to fuse with the cell
membrane releasing ﬂ]@‘y\@xhﬂm alSExa'ﬁu@an cationic lipids include, but are
not limited to, Llpofectlé(kfa”.l" logés Inzk Burlington, Ont.)(1:1 (w/w)
formulation of the cationjc, -[1-i -’Z ,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chA?%OTM ) dnd dioleoylphosphatidylethanolamine

added to
nmodul at e
sel ection at

about or at
N 1 ri\A n 2
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76 system

In sone

exanpl es, a

one or
(DOPE)); LipofectAM{VW_T@to]@p Burlington, Ont., see U.S. Patent No.
5,334,761) (3:1 (wiw) Wn of p&}gﬁnic BiéZﬁ-dioleyloxy—N—[Z(spennine-

carboxamido)ethyl}-N,N-dimethyl-1-propanaminjumtriflucroacetate (DOSPA) and

dioleoylphosphatidyleﬂgl%i e QJP}{),rgp CIIL\/IQE PLUS (Life Technologies,
Burlington, Ont. see an l\Iols i3y,761tanhiei6,392; see, also U.S. Patent No.
6,051,429) (LipofecfArs}xelid @c?ge&ipofectAMlNE 2000 (Life Technologies,

Burlington, Ont.; see al: eth J lication No. WO 00/27795) (Cationic
lipid), Effectene (Qiagen, Ec., issEsauga, Om’an'o) on liposomal lipid formulation),
Metafectene (Biontex, ich, rgany)g’ ion 1%1), Eu-fectins (Promega

Biosciences, Inc., San lsiﬂhﬁ kﬁ&m% cationic lipids numbers 1 through 12:
C52H105N504'4CF3C02}i, W‘7®“O‘aﬂF3C02H’ CioHg4NO:P.CF;COoH,
CsuH103N703.4CF3C011‘é% f"@zé‘i@‘fOﬁ,ﬁwH]02N50344CF3C02H,
CaaHggN503.2CF3CO-H, Cioot120gN1204S2.8CF3C0,H, Cig:Ha30N2200.13CF3CO,H,
C43H83N4Oz.2CF3C01H}(:,§'1%ROJQEF3C921?,(Z4|H13N03P); Cytofectene (Bio-Rad,

Hercules, CA ) (mixtureGih(Qil)niQiﬁd.and ane ipid), GenePORTER (Gene
Therapy Systems Inc., SQ@R, Cﬂ[ﬂ*mFFElr 0f§ neutral lipid (Dope) and a

cationic lipid) and FuG] (RbbeMolecular Biochemicals, Indianapolis, IN) (Multi-
component lipid based nop-liposemal reagenta
b. Tdn 0! ne t 0

Transformation 1f daic‘gliisl]edifrctn axtsf&ion in that the introduced DNA is
incorporated into the celp @@ ior @;ﬁiskﬂxgl}e genetic material. Typically,
expression vectors that ag lujeéfhstalé. gnsf ion have a selectable marker, such
as for example, antibiotie resistanre, l\ilvlali allo:glselection and maintenance of the

transformed cells. TranslfonQa Ton requires the trehigfer of DNA into the cell which is

achieved in cells that arJnMy c@&i&i l)r Ire lrexﬁuai competent to take up DNA

across the cell’s mcmbr@ac or membranes. Calcium chloride is one method used to

render cells, such as E. crlieg, tnore foxﬂseterf blhwing heat-shock of bacterial

cells, they are induced to take in the DNA. Transformation is not limited to bacteria, but

also can be performed in yeast, pldnts, and ammalian cells including embryonic stem

Sites.
Fol | ow ng
further
expr essi on
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y such “as
cells. Methods of trans@ma‘io:ﬁria vélrkfmwn (see e.g., Mello et al. (1995) Methods
)

Cell Biol., 48:451-82).

Electropora‘uon [er@arntpgstlp po@g §:ell 's outer membrane by use of

pulsed rotating elecmcm |M@1hs a.nli affparatus used for electroporation in vitro
and in vivo are well kndwri S, €RE Lp@qe:a\pse@,m, 5,993,434, 5,944,710,
5,507,724, 5,501,662, 5'38'9] 96,31 .étandard protocols can be employed.

3. Expression, Selet;uband Identificatio]

Introduction of I§sy JL a%§AI mgegl esults in amplification of the
gene product and therc@&a@h@#ldﬁopiﬁan@gme to be expressed. Since the
starting RIP toxins, or cuaﬂs thb@ used in the selection methods herein are
normally toxic to the chfieé}ggellj @tauion and expression of the starting
proteins does not typically oct ur for example due to cell death. Hence, the methods
provided herein use thet i t x1c er;f ing proteins as a selection method to
select for those modlﬁepCrmEOGﬂe [Qtlamth&thllntgss toxicity to the host cell and
are thereby expressed. TpicAly| stt;hhpressed proteins are modified in their primary

sequence by one or morrﬁnirtﬁ%mrﬁi()ﬁ%téﬁr the protein less toxic. In some
cases, the expressed protcms are d]ﬁ n of the amino acid sequence

compared to the startmg ro em 1ch(er§£ ajl pro ein less toxic. In most host cell
expression systems, the amg @et'nodxaﬁIP toxin can be obtained in large

quantities by growing tr(nsirga@szs)lanng-rbh@)mbmant DNA molecules from the
transft ts and, whe tri ifserted from the isolated
ransformants and, w! eﬂcegﬁ te 1ex@1}t ulse’s gene from the isolate:

recombinant DNA. 3 4 .
In some examplcs an add%onaégen%r apentd is added to the selection method
in order to modulate sele-[- malpnmig tor recvary of a modified RIP toxin or

conjugate thereof. Such se&%@@ators typically are any that reduce the toxic

activity of the RIP toxin Btoufatr‘l'aiof I‘Uf ple, any RIP inhibitor can be

used to modulate selecuM errl tox’c&mto one of skill in the art, or
lCh ‘cail 1nac i i

subsequently identified hereto, wi vate a oxin, can be used in the

10231030).
I n anot her
met hod,
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methods provided hereie vyeT:rlly, sthRmm inhibitors are any that inhibit toxic
activity by targeting, fo HH U ﬂi et ‘[J\]I-éy idase activity of RIP toxins.
Other RIP toxin inhibitors can be chosen that terget any one or more other RIP activities

including, but not IimitQ lE, %e%ﬂig, gNasQic!;ivity, and superoxide dismutase
and phospholipase actixab Soaﬁ&&ere{ﬁl fny RIP inhibitor, such as adenine or

any analog thereof, canibe p}@ i ﬂera@‘}s tﬁg 50 long as the inhibitor exhibits an
inhibitory activity agairﬁ 8ﬁatméf ofthaTP I‘,ox'@, for example, the wildtype

form of the RIP toxin or active fr ent er of._For example, 4-APP can be used in the
methods herein to se]ecno$a mo 1 Smg, but not limited to, a modified SAI,
saporin, momordin, or &y@&ﬁﬁﬁtﬁt alﬁ&(ﬁ Life Sciences, 68:331-336).
Typicaily, 4-APP is use@x)@ﬁfﬂg* h@;n to select for a modified SA1. Italso is

contemplated that othere}éirort can IglfeﬁWc‘ff)r amodified SAL.
56

The amount of RIP inhibitor‘é in the selection methods can be empirically

determined based on its Known effe on the toxic activity of a RIP protein or conjugate

thereof. It is important mniﬂ’tnl@l[)r dm ﬂbaéthods herein is itself not toxic
to the specific host cell,?}@h o @Nﬁpﬁmior ﬁxge determined by one of skill the
art depending on the hott cﬂ! éoset ]“erfher, tgnsu'fe ﬁlt a RIP inhibitor effectively

modulates selection of a modle'-:éi% toxin or conyj thereof] a cc ion of RIP
Agfg gxw activity of the starting protein. Typically,
a concentration of RIP 1 1“{05& [uch that the starting RIP protein retains some

activity in the presence §1§8 asmmntgrebialh@g for some degree of

selective pressure or mcé)l |>f te 8{ inhibitor in the selection method. Generally,
a concentration of the Rﬁ @Eﬁl % J cf y ;)jﬁrts t least or about 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%. %, 409 o, 60%, 70%, 80%, or 90% of the
toxic activity of a RIP tm njéate &Mogbrxt less than 100% of the toxic
activity. Various assayikx{ovtﬂfﬁme (f Ru:hxe 2@k be used to test the affects of

various concentrations (&111’ inhibitors on the activities of host cells or RIP proteins.
Typically, in the gel mbxmr, such as for example 4-
APP, is added to moduld¥e se! ectwn at out or at (1) 2 mM, 0.3 mM, 0.4 mM,

u3|ng a DNA.

dye such as
NTT WAt ~h 1

inhibitor is chosen such That it
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exanpl es,
such

modi fi éd RIP
0.5 mM. 0.6 mM, 0.7 W{Snypw;th mﬂ,egﬂ\d, 2.0 mM, 3.0mM, 4.0
mM, 5.0 mM, 6.0 mM. 7. , 8.0 mM, 9.0 mM, 10.0 mM, or more sc long as the
inhibitor is itself not toxic tg the host cell chgsen. It is understood that the concentration
of the RIP inhibitor chljsedﬁ md sf
used for recombinant ei:plﬂsiort Ih eample, exemplary of a chosen concentration of
4-APP for use in the seS’;Se:' melei{héeie‘xﬁn E. coli cell expression system is at or
about 0.2 to 0.8 mM, g {nhibitor,

The RIP inhibitor can be added before, during, or after treatment of the host cells
with the starting proteij’}{g E)xﬁ(!r cajugié Heg > In some examples, the RIP
inhibitor is added to a laﬁ cul'b6yr mddhalm Eu!t\ MEexample to cell culture
medium. In other exan@fs, thefRifjx@ifitcf is added to a medium capable of
solidifying such as a soli 0] . a inhibitor, such as for example, 4-
APP, can be added to | gla%l;PhIFLé;agg-;Sfir tg I;Ineration of agar plates containing
the RIP inhibitor. The inhibéo c%!n l{%‘l

used in the presence of! (315) lellctive modulators or selective agents such as, but not
limited to, other RIP in@)@fmaqfot@;dlnfet’i@nﬁbioﬁc resistance.
The selected mﬁﬁe%rﬂ\mﬁs frmll tte st cell transformants can be

amplified to facilitate iﬁrﬁ ﬁiun of the sefected modified RIP toxin or conjugate
thereof. Such methods intlude general recombinant DNA techniques and are routine to
those of skill in the art. pQ"'ecyr Q)Etﬂ tos’t ctll Iralaonnants containing the
modified toxin DNA can be iQl{fed to@nable purification of the selected protein. For

example, following tra (Uttly rﬁ@ﬁ tosr cﬂsgﬂh a RIP starting protein as set

i
forth above, the cell transformarts ﬁ)w as mdividual clones which can be isolated such

are

as by individually pickigg(a)cQGLy Aand$rowing 1t up for plasmid purification using any
method known to one oﬂHltn aJarlnlld ﬂgess@can be prepared in large
quantities, such as for efehplPusing the Midi Plasmid Purification Kit (Qiagen). The

purified plasmid can by o1 cipg pof iggntify the sequence of the
w0 PYPEmti g

modified toxin, or can Ge ﬁed t(ttransfec into arn]y cell for further expression and
5

i gg host cell chosen or the conditions

e<§is a selective modulator alone or can be

production thereof, such a: L@ 1ot lirmted to, a proKaryotic or eukaryotic expression

repressed by
t he host

cell or is
expressed at

1 w7 | ovial e
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tontine
system. In some examgetlzbué(f t‘tj-f&ﬂ) Pﬁgan be performed to amplify the

selected sequence, Whlch an be, s loned into an'€xpression vector of choice. The PCR
primers can be deSIgne t0 facilitate sgclomng, such as by including the addition of
restriction enzyme s1ted es | r e

Following furtl@} @qﬂ*ioug aﬁuiﬁon of selected toxins in any desired cell
expression system, conét'tfﬁ-rf@lﬁceamnghe RIP: toxin polypeptide or
conjugate thereof can b tested in aijtlf{ s;ifsay or caé used for further purification.
Typically, any further expres on and production o elected modified RIP toxin or
conjugate thereof is pe@lQJd anJe Jf adl;gmhlblmr. Such a method is
described in detail belog@ﬁ @ﬁoaifoe‘dqlpmved production of RIP toxins or

conjugates thereof, i nc | u d in g

4. Activity, sment

Modified RIP toXins, €r onjugates thereof, selected in the methods provided
herein can be tested to &th iﬁ%gﬁg s@oﬁon, they retain toxic activity against
host cell ribosomes. T)Iﬂ@l&[&cﬂgliﬁeaoxins are selected for because they exhibit
a reduced toxic activityweﬁ:l tcfa itaﬁn&fPi}r@iF}r conjugate thereof.
Generally, however, selr td éo dfoxrn.i re@xdome activity of the starting toxin
protein. Modified RIP {oxins, or c jugates thereof, provided herein retain 0.5%, 1%,
1.5%, 2%, 5%, 10%, 2(J%, %, 0% %%, 60%, 70%, 80%, 90%, 95%, or more of the
toxic activity compared® e‘lfe&e& s[arﬂd%rm of the toxin, or conjugate thereof.
Exemplary of assays calrmty hsg @}gsts for an activity of a RIP polypeptide
including, for example, pss; srthé seﬁ N-glycosidase activity, DNAase activity,
RNAase activity, or other activities.. Any method known to one of skill in the art can be
used to assess toxic actltltg a Qil pl£!€§ or conjugate thereof, and typically include
any that assay for effectt GXN gﬁ:omdase activity of the RIP protein. Exemplary

assays to assess the tox%xtty]of‘gx‘ Rp’ yx!n or conjugate thereof, including
modified forms of such gﬂs escribed below.

* Rodr T ed
pol ypepti des
general ly
retain or
exhi bit any

NN Nyry YryYmy o
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5 nucle:c
aci ds set
forth in
SPA) |
y The activity of W)ﬂj?gateslthﬂof, such as any modified RIP,
including, for example, dified {oxip identified jn the selection method provided
s sl gl e :

herein, can be measured to deferming cffects of the toxin on translation using a protein
synthesis assay. Such @{}]s ar i dac known to one of skill in the art.
Exemplary of such an @@1!; aylpl@tpltcchedﬁe assay. Typically the rabbit
reticulocyte lysate contixins;r islﬂlsleﬁed '&'gomalents needed for efficient
franscription and translgtign spch as m ium and potassium fons and NTPs. A
template RNA also is added which 1s ﬂij'g.l

assay allows for the congrd ) gr!.ns_ ption and translation of proteins by rabbit
ribosomes which can bmdtec[‘ IL one l'ne$od, aecﬁon can be achieved via
incorporation of radioa@'\@llsrjh ﬂ@m, @]M@ift [SSS]Met-Cys which is
incorporated into the sypthesized protein and can be measured following precipitation
with trichloroacetic acid (TCA; Baas ef al. (1992) The Plant Cell, 4: 225-234; Zhao ef al.
(2005) Journal of Microgn i S, I;[QJ;S!IOQ

can be used as the tzmpmch iI; thenl delw&a(ks luminometer. Exemplary of
rabbit reticulocyte lysat.F sﬁdq arf ﬂ@(}(ﬂd Fyyomega inchuding, for example, the
TNT® Coupled ReticulfyﬁLystteﬁygm& Such an assay is described in Example 2.

The assay can be adapted to be used with ther translation systems including wheat or

ree of the synthesized protein. Such an

-~ In another method, luciferase DNA

maize reticulocyte lysatg,g [arJ be ted in translation reactions containing intact cell

lysates or lysates recol from various supernatant fractions and purified ribosomes
or polyribosomes (Baas| 1 t elf 25-234). In some methods the

p 5
assay can be adapted to?ﬁseffectopmina'mhesis in whole cells, where detection

of protein synthesis can be facilitated lﬁdafviral expressed luciferase (Zhao ef al.
(2005) Journal of Microbio ogg],JM:Lll % 0).eIn ad ditxgon, kinetic analysis and dose

response curves can be &%’Led trf d@rnmte ttll relltivgactivity of the toxin as
determined by the conc@&@)f Ih_a))xin h@ry to give one-half the maximum
response (RICS50). 3 8 an d
> "BREBdEd by a
sequence of
nucl ei c
aci ds set

forth in SEQ
1D NOY R7
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The activity of Flﬁo naoﬁ,v]ugag Actuf such as any modified RIP,

including, for example, an odiﬁed f)xm 1de selection method provided
herein, can be determirked 1n a ds urm 1 say nglﬁmedlated depurination of the
large ribosomal subunij of Rﬁlﬂl&a ;ls su@éﬂnli@@tbe sugar-phosphate backbone
to hydrolysis at the dep@i@ﬁonSN‘ umer et al. (1997) Proc. Nadl. Acad. Sci., 94:
3866-3871). Followin; me A o ?y(ﬂleis can be observed typically by
release of a smail ﬁ'agment {'hus, ;)gfetc%be ea in the presence or absence of
extracted and treated with aniline, and

increasing concentratxon o toxin, the
analyzed by gel electro; Frigmefits can be visualized by staining with ethidium

bromide (Tumer ef al. (DB c. Retd. 4cdD Kei, 94 3866-3871; Hartley et al. (1991)
FEBS, 290: 1:65-68). ”1234_ercent dupurination can be determined by scanning negatives

of photographs of the RFUE? bcg ef‘a{lovt g |(1§74) The Plant Journal, 5: 8§27-

835).
[ Gell gravm/y“vival/ viability assays

The activity of la’ltmlinﬁrl co.hj\@tes ﬁreof, such as any modified RIP,
including, for example, . Gy 1 ilt(e's'dentiﬁed in the selection method provided
herein, can be determmv ibr cth i.Sﬁ-sng effects on cell growth. In such an assay,
any prokaryotic or eukaryafic cell can be iptroduced with DNA encoding a toxin such as
in the form of a sultablete gl[n QCQL:F Afternal 5 , any prokaryotic or eukaryotic
cell can be administere(ajra:y/ wnﬂatRIhB}Eeptide, or a conjugate thereof such as,
for example, a Iigand~to%ugav axr c.Fll arm(ttesd, including but not limited

to, any primary cell Suc}tﬂ Wuinfd 8)m aduheé, i.e. from the blood, serum,
or other tissue source. Inclpded amgng.such cells ase any leukocyte subtypes or activated
leukocytes thereof. Celq tes al§ K sz 'j’j,
polypeptides, or conjug; & £, @ 1 v of a cell line is THP-1, U251 or HT-29
cells. Further, any

Cell growth can Ej fxonitfeﬁ@ssaying for cell proliferation, cell viability or
cell survival, Growth can be Ioﬁfd over time and in the presence or absence of

to assess the toxicity of RIP

e cell growth can be monitored by

|dent|f|ed
in a

nodi fied RIP
pol ypepti des

Tn + ho

increasing concentratio
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counting the cells in a @ét ouj m@e optical density of the cells over
time (Suh ef al. (1998) Bi ch ls 394-9398), using a DNA dye such as MTT
which is reduced by lie cells to form msé ¢ purple formazan crystals that can be
measured {Arora et al. % Cgtlermesearch, 59: 183-188; McDonald et al. (2001)
IDrugs, 4:427-442), orGyOsiaetz &isum as tGpan blue which is excluded from viable
cells but not dead cellst(]\wongje tl FZ(P}gDmgs 4:427-442). Tn another example,
cell viability can be as: unt of ATP released into the cell
culture medium. Exeny ﬁg of sucl an assay is the CellTiter-Glo™ Luminescent Cell

Viability Assay Kit (thm@g[ bgﬁ V%) sut giescnbed, for example, in
Example 5. Upon lySIGﬁln}Hsulg at\’lereattwo:mxmre {supplied by the

manufacturer as CellTar Gp@@etp{ﬂ@qves the oxygenation of luciferin
resulting in a lummescatrlgna*.wgbs@rﬁtfnﬁaf os\TP concentrations in the

wells. This is directly proportional to the nu mtrr of viable cells in the culture.
E. Exemplary Modilicd 0 X

Provided hereisGre m@ﬂ]&’lma}tmiyp%s, or conjugates thereof, that
exhibit reduced toxic a@fity cc@;@*{ tl) a@ildtype RIP polypeptide. For example, a
modified RIP toxin po?/pﬁf\?edllcovlézﬁher?ofﬁ}ﬁbits 0.5%, 1%, 1.5%, 2%, 5%,
10%,.20%, 30%, 40%,, b, 60%, 70%, 80%, 90%, 95%, or more of the toxic activity
compared to a referenc h i ﬁ Q’ gnjugate thereof. By virtue of
the reduced toxicity, SlMi aied rRWah ﬂol}@“(& are expressed by host cells,
and can be purified, 1sndlpd SR AK @ed therefrom. The modified toxins, or

conjugates thereof, exbﬁnf-reﬁxﬁdé&gcg égkaryotlc or prokaryotic cells. Generally,

the modified RIP toxing-Qr conjus ates ﬂreof exhibit reduced toxicity to bacterial cells,

such as £. coli, which tRerel pemu as u c oDtoximthat can be used in production

methods in E. coli. t h dl sease
Typically, suct@lfdiﬁedl[? @:@fold@{esy or conjugates thereof, retain one
or more activities of tbsslajtcghr wi&t@e‘fo‘m g’ the profein (i.e. unmodified

polypeptide). For example, the modified RIP toxin polypeptides, or conjugates thereof,
retain at least or about U.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,

acti vat ed
cells that
are a

functi on
Al A
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80%, 90%, 95%, or m FCUY @Ile e than one RIP activity compared to the
unmodified or wildtyp lfpepﬁde or conjugate thereof. Activities of a RIP

polypeptide include, but are not Jimit Q‘] ty one or more of N-glycosidase activity,
polynucleatide: adenos’ cM}Q!xd& V?I’ 1¥ludmg RNAase activity and DNAase

activity, superoxide dlﬂtﬁa@cn&yeﬁsfhﬁﬁs%lty, chitinase activity and anti-
viral activity. Actlvntybywe aﬁeq xnlvms or awdld can be compared to the

activity of the starting e

In some examples, such modified RIP polypeptides are identified in the selection
methods herein such as )tll e of their exp_ressmn by a host cell compared to a starting
RIP polypeptide, or a pa&lttlde chﬁIte l:mﬂiﬂ:g a RIP polypeptide, that is not
expressed by the host ca n @I(pl@*d at low levels. As is described above, such

modified RIP toxin polﬁip pgsraradfn?ﬁﬁfﬁlomng introduction of a nucleic acid
encoding a starting or wildty] 0] jde, for example, any nucleic acid encoding
a RIP polypeptide set f m acleé ﬁﬁtc m t thereof, followed by
selection and identiﬁca:ilm)of ex@;sed l{ﬁ’&)a;pt Gey In some examples, the

modified RIP toxin pol; i i Fe identified following expression of a
1 F
toxin from a host cell n&oén deag nucleic acid encoding a starting RIP toxin or active

portion thereof. In othe{e les the st 1“Zed RIP toxin polypeptides provided herein

are identified folluwmg X conjugate polypeptide (i.e. ligand-toxin
conjugate} from a host lelﬁlenQJG%bleﬁtqmng conjugate encoding a
polypeptide contammgm Fo@,h active portion thereof. Typically, such a conjugate
is a fusion protein, ther%yxlﬁlingélg‘gcﬁon of a nucleic acid molecule encoding the
fusion protein into the cefl.

Using methods des: 'nlgimexem the particular modification in the expressed RIP
polypeptide can be idenQ'lm %HDK angﬁ by sequencing of the polypeptide.
Typically, modification§ 1@@@@& @08 herein include any that alter the

primary sequence of the'}ﬁU 'fé(tptf)p@)‘ide and include, but are not limited, any one
b
or more amino acid rep]ac;l;x]xents aming e]cid deletions and/or amino acid truncations.

For example, modifications incfude anyone of more amino acid mutations in the primary

target the
nt hre spec
| oi ns of

| eukocyt e

ciitht vvnoce -
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modifications of aminp-dcid residues in polypeptide, or active fragment thereof,
can be identified that con¥ér reductd celzjgcfty by virtue of a change to the primary
sequence of the polyp \ - O,

The modiﬁcatial@ &Ef;led in the selection method herein in an expressed RIP
polypeptide can be n@ewlm hcg’g position(s) of any target protein, for
example, any related t limited to, any allelic, species,
truncated or other v: FISFjorm of I}T xpresse polypeptide. Such modifications can
be made by standard r&c I}Y{Jmt D]\5 hniques such as are routine to one of skill in
the art. Any method @%Z 'dlegt,to cﬁ%@t@r&;of any one or more amino acids
in a target protein can WPI h thoe foylude standard site-directed mutagenesis
(using e.g., a kit, such 1kCh lefrom Stratagene) of encoding nucleic
acid molecules, or by solid p‘nase pol}[l}:epnde synthesis methods.

In addition, anl' nﬂﬁe@l@’

generated based on a rRﬁMtwn ;denuﬁed in the methods herein, can be used to

te a fusion prot o) i~For le, d-toxin conjugate can b
genera a fusion @2 o e, P@nconin congateca e
generated having the toxin moiety as the targeted agent (see Section F below)

linked directly or ing a:l any e ty that targets to a cell surface receptor for
% erated by routine recombinant DNA

olypeptide identified in the methods herein, or

internalization thereof.

techniques. For examﬁ ugates can be generated using restriction enzymes and
cloning met.hodalogieqlpi‘ n@hﬂf@%cﬁirﬁ@he desired conjugate components. Any
modified polypeptide %enéa&derplfnéafygnjugate having a modification

identified in the selection methods.hereingretains toxic acavxty Such modified

polypeptides generally%!;mgr exlnb mr m§
and other activities of Eeanthe szeelteigd

Other modiﬁcai:ioﬁ txa@f oaria ni)t iate }ngry sequence of the polypeptide
also can be included inﬁtﬂﬁfv RIletqfifle, or conjugate thereof, such as, but not

limited to, the addition of a carbohydrate moiety, the addition of a polyethylene glycol
reference

activities. The toxic activity

[ ohs conmmon
and
systematic
nonencl at ure

O \/on ANA
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cher nokj nes,
fract al ki
(PEG) moiety, the addécst(if asFt dgaain' eth For example, such additional

modifications can be made t%ease the S’[ablllty or halahfe of the protein,
Modified SAl o,
Exemplary of ﬁﬂ}lin“lb”deﬁ:erein are modified forms of SAl, including

modifications in any ab@%@preof,{%ple any truncated form thereof so long
as the truncated pnlypgi@ f’dl‘ﬂ‘bal R]éactifit)@fd f}hlic or species variants

thereof. For example, a g dlﬁe SA mclude any one or more
modifications in a truncat variant ollé Wh as is set forth in SEQ ID NO:22 or SEQ
1D NO:24, or any aIIelmgc ied SA1 toxins can be
truncated, or can expre@4Rlibo ac{ﬁ n@zﬁlons compared to the starting SA1 toxin used
in the selection msthodm%ylm@gd toxins retain one or more activities
compared to the startin; ! polypeptide. Accordingly, such modified SA1
polypeptides can be usggm methods tli nltpmve production of an SA1 polypeptide and/or

can be used in fusion prot&;xs to proteins containing the modified

SA1 polypeptide. Th e C el |

The modified Sd 'Polypfptideazelta identified in the selection methods herein.

In one example, the moihﬁéi )Ezett)uip canf defmﬁed following introduction

of nucleic acid encodmi Al polypeptide, or active fragment thereof. For example,
selection of a modified a-‘[Eblﬂy&ptlde can be achieved following introduction of
nucleic acid encoding a@alﬁr@lrm J’olﬁebnﬁa Bh as is set forth i in SEQ ID NO:22.

In another example, selgctiaqq of i lypeptide can be achieved following
'3
introduction of nuclelc aTnt 2 S‘l}l tolypepnde The variant 2 SA1 is

a form of SA1 made to lack the five C- amino acids (CHHHA) compared to the
variant 1 SA1 set forth m gjl":‘ﬁ to avoid cysteine-induced
dimerization. The a:mnna@itseﬁde oIvahiaISAl is set forth in SEQ ID NO:24
and encoded by a sequetcf*qfelpean@aim ub@ ID NO:25.

In some cases, st al méxﬁed SA1 polypeptide can be achieved
following introduction o: flwfcxd a conjugate ining an SA1
polypeptide portion. 'I‘hd‘::‘I esQaE 11@1 6911% and-toxin conjugate or other

bet ween t he
chem cal
nature and
phyaol ogi cal

offoarte AF
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conjugate so long as n'@tteainaﬂ an g_A) polypeptide, or active fragment
thereof. For example, wld qotjuy cfibqd in U.S. Patent Nos. 7,166,702,
7,157,418 and 7,192,736 can be uskd as a starting protein to identify modified forms of a
variant 1 SAL polypepLdIEstt rth in SEQ ID NO:22 and encoded by a sequence of
nucleic acids set forth tm M HQ\IO:@i e example, an LPM1a polypeptide is
used as a starting proteAlwhich is h:lmj@l\of the chemokine MCP-1 linked indirectly

’
to the variant 1 SA1 py eptien'aeéﬁyta @njugate is set forth in SEQ ID NO: 38
and encoded by a sequence of nycleic If:m forth in SEQ ID NO:37. In another
example, a conjugate c§t§1 n, g okine MCP-1 linked with a variant 2 form of
1

SALI can be used as thepafti@tmﬁamprotehaall Q‘med LPMI1b herein. The
LPMIb conjugate is Sei'fﬁllin FEQ D ?#@ed by a sequence of nucleic

acids set forth in SEQ 5 1 - 4

Provided herein js ified SA1 toxinythat contains an amino acid mutation at
position 38, conespondm'gmipiz Q! variant SA1 polypeptides set forth in SEQ
ID NO: 22. For exampe blﬂ&cmmllﬁ&ynﬁ?y correspond to position L38. An

exemplary amino acid l‘plFtl@ tn @] iﬁt)ﬁed in the methods provided herein
correspond to modificaig 8i a vpriant SA1 polypeptide such as set forth in SEQ
ID NOS: 22. In some examy !ﬁs, ij cqrresponding L38R mutation is identified or made

in other SA1 variant forlns, intluding allelic or species varianis. For example, a

corresponding L38R mut: de in a variant 2 sequence of SA1 set forth in

SEQID NO:24. An ex@M @1 t(dri hztm@an amino acid mutation of L38R is set
forth in SEQ ID NO: 26 Ali eEodeS@Yﬁnce_Ef amino acids set forth in SEQ ID

NO:27. This modified Szlzflfo 'g?ne Tgvaﬁant 1 (also called variant 3) herein.
The mutant variant 1 SA1 polypeptide can beused to generate further toxin conjugates,
which can be used, for ﬁ n 1]1e1gds to treat disease or disorders for which the
conjugate is designed. (d@{tne{ly@f @ l/arialﬂ SAI polypeptide can be used in
methods to improve progity SA19r conjugates thereof.
In another examgﬁgge%gi’&isém I'noriiﬁed SAl toxin that contains an )
wt

amino acid mutation at positioi 219, Corresponding to position 219 of a variant SA1
gro
stinmul ating
factor

(PBSI N: 01112
1 DAQOOT
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polypeptides set forth MEWa)Z For example, amino acid modifications can
correspond to position EXCF exe lary amino acid mutation in SA1 identified in the
methods provided heref ospond to modlﬁcatlon of V219A in a variant SA1
polypeptide set forth mM% me examples, the corresponding V219A
mutation is identified cgrﬁdQMerhAl variant forms, including allelic or species

variants. For example, S(tmpsmpk \altA@\l‘tzﬂyn can be made in a variant 2

sequence of SA1 set fo& 6 fEP I]TOf n exemplary modified SA1 polypeptide
having an amino acid ncj\nmlj et forth in SEQ ID NO: 28 and encoded by
a sequence of amino ac in$EQ ID NO:29. This modified SAl also is termed
mutant variant 2 (also Nauﬁ‘annﬂepih de vanant 2 SA1 polypeptide can
be used to generate furlth toVna)tJugatstlwhlch can be used, for example, in methods

to treat disease or disor‘ierdtr v-éli:h ‘hf cotjugate is designed. Additionally, the mutant

variant 2 SA1 polypept'(iemFBsed'g)ne}hods to improve production of SA1 or
conjugates thereof.
In addition, anylofgﬁta) I'L identified in a modified RIP polypeptide in the

selection methods here)Rggz)ﬂlnﬂ_ed. ﬂgr-exalﬂe, a modified SA1 polypeptide, or
conjugate thereof, can be gln@?i havinNImtp)gcatio‘ of L38 and V219,

corresponding to positigng in a variant SA1 set forth in any of SEQ ID NO: 22. Sucha

modification can be made corresponding position in any SA1 polypeptide, such as an

SA1 polypeptide set fo(h Nﬁ@rﬁ I‘Q@hafg‘@)ectwely, any allelic or species
variants thereof, or anyloﬂlerBAﬁ ‘Ianantrm\a_tl @t)f skill in the art. Further, any

of the mutations identiﬁ?d in déti ]e’ipchpeptides in the selection method herein
can be combined with atl in the RIP polypeptide known to skill of the
art or subsequently ide%ne:%reto pyr;cally, any srcllcombination mutant in a RIP
polypeptide, or a cc ; 2 1;
wild-type or starting fofm B} dzm @wp&a{de&t retains 0.5%, 1%, 1.5%, 2%, 5%,
10%, 20%, 30%, 40%, @y ﬁ'@'IO"/aﬂbf/gO%, 95%, or more of the toxic activity
compared to a referencaA stTmug fonroﬁ]oxin, or conjugate thereof.
F. Targeting Agents and Conjugates Thereof .

activation

protein 2;

ACT- 2: PAY

744; 11400:

c1l © NI

xigity to a host cell compared to a




. Ve
‘WO 2008/080218 ( 4 PCT/CA2007/002278

20

25

Mat ur e

Chenoki ne

11 Q8 o

Provided herei]i ar|> ca'tgaeslcoftaérlgll;?ipoiypepﬁde toxins, or active

fragments thereof, linked wﬂy or indjrectly to one or more moieties or agents, such as
any chemical, polypeptide, eptide moiez, or portions thereof. Typically, the toxins
for use in the conjugateSpfo) an g any RIP toxin variant,
including any modiﬁedTREtUxin vdl&r S{lch\)ﬁ@ﬁd toxins include any modified
RIP toxin provided hermtdeph@cpﬁq thi: methods of selection provided herein,
such as for example, a %t leljg variants or fragments thereof.

Included among such a modified SA] is a mutant variant 1 SA1 (i.e. variant 3) or a

mutant variant 2 SA1 (i.e. variéd 4Q£ntiﬁed in the selection methods herein.
Typically, a mowm&eé directly or indirectly to a targeting
agent, including any aant.thet@';ts ihe conjugate to one or more cell types by
selectively binding to a cel face recep erfed to herein as ligand-toxin
conjugates). Hence, any p?f)jﬂ tide or nzlglgxajbug; to a cell surface receptor and
is internalized by a cell X é[d d herein. Such targeting agents include, but are
not limited to, growth ersm@ 1helnol(mes axﬁodles and hormones, or
allelic variants, mutemsi of fx\étarlts Iherpgo long as the targeting agent is
internalized by a cell s thté. IFlﬁher Te conjugates provided herein can
optionally include addit} ne S such as for example, but not limited to,
additional sequences or’ 01 es to fac te tloning, expression, post-transiational
modification, punﬁcath Eiegu;mallld Muinistration, These include, for example,
restriction enzyme seq@xsl‘&.lg)nal start or stop codon sequences, His tags, or
other such components@r WP Swth@im codon or Kozak sequence
can be added to the codipgpugleic Cl uen t@ permlt or enhance translation of a
mature polypeptide orc:iﬁmgment hol éﬂ urthermore as described above in
Section D, any nucleic BE ;izt en odes d-toxin conj containing a

fargeting agent linked t( aeﬂtl sugh Bs an SA1 subunit, or active pottion thereof,

can be used to screen wat@mg@@@1, s@ as a modified SA1 as

described above and in legtherein,

1. Targeting Agents

nent r ophi |
activating
pepti de
( MONAP) ;

Cniimbi n
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Generally, the ranflﬁ Hl& in conjugates provided herein contain a targeting

agent that targets the conjheate Geptor t rs]fn a cell or a population of cells

1
(
|

involved in the'pathology of varioug eT:rErocesses. epending on the disease or
disorder, such cells arel zJKIOQells a%nction of the disease as well as the

disease process, or are §ymi e} @t SlM &;disease process. Consequently,
targeting these recepto# aﬁd i:helcets @t exa?"‘f:ese receptors permits the therapy to

be tailored to the partwaaaifeﬁ ﬁﬂ alio tbtﬁ prof,reé of the disease. Hence,

conjugates provided herern cTa be used asdxerapeuncs in the treatment of various
diseases.
For example, c@llaia H@Jedaﬂﬁlclude ligand-toxins which contain a

targeting moiety that biédto@@tor@)speciﬁc cells types involved in the immune
response, including varj etl.k e subtypes involved in inflammatory diseases. For

example, as a component of the conjugates provided herein, a targeting moiety can
include a ligand that tar h 1 grface receptors expressed on cells of the
immune system, such aBJX Qdfu&ﬂkoly(p lineage or other tissue residential cells,
including on activated @@oVAR’seases processes. Examples of cell types that

can be targeted herein lp}(e g‘g%%'nchie, but are not limited to leukocytes
including, but not limit phages including tissue macrophages such
as microglia of the brai khpgglls 01:2 ger or alveolar macrophages of the lung, B
cells, T cells including 'M '&-cells, basophils, cosinophils, dendritic cells
including immature anc(n%(@lfn@@lhia glerhans cells, mast cells, natural
killer cells, and neuﬂopﬂ@(?thizr Wﬁi of cell types that can be targeted herein
include, platelets, astrocytes, endothelﬁ ells, Reurons, epithelial cells and adipose cells.
Ca;fn]o nes l)

Provided heremgg ulete.s 2h2eby the targeting agent used in the ligand-
toxin conjugate is selec@lﬁm ihe Ifamily of chemokines. To appreciate the use of a
chemokine as a targetjn'F aﬁtﬁili fhx;i)njbzi&e%erein an understanding of the function
and interaction of chemokine tlgan and ]helr mceﬁoz?elpﬂﬂ The following

ound

§ mul at ed
IcceH
chem:laic

protein 1
(10D 1) -

discussion provides suc
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Chemokines ai'e ILQMQJn}ber@ small proteins that typically are

secreted by cells and {t llte &lae@*ionﬁor migration (“chemotaxis”) of nearb

M
responsive cells, Lypxc'qll leukocytes, which express cognate chemokine receptors.
Together, chemckmes-rlaet the entirg s ecg of Jeukocyte subtypes; individually each

targets a part of the spectrum though somre chemokines are constitutive and involved

in homeostatic i r¥p€ﬁp 875 2 @nls termed inflammatory
chemokines and are 1r?u8d & ii »\@ha&ty of cells in response to bacterial

infection, viruses and mél Wﬁagems

Chemokines £ biolo ca-l a ivities. They were initially isolated
by their ability to stim eQ/::kC%i& mx atio] I\E;!IOH. Chemokines, in
association with adhedi oﬂgelu‘l S, a;tm&fseyof leukocytes to specific sites of
inflammation and nssp ﬂl{rjt e ,I' cﬂf@k.inei ion mainly as

chemoattractants via Tﬂ © ine Leceptors expressed on a variety of
lsukocytes including those in inpate immunity thereby recruiting monocytes, neutrophils
and other effector cel bi oﬁ}sims of J}é@n or damage, and also those in

adaptive immunity m@ﬁg-lr-ecn%Af _lynih:ocytes to sites of immune reactions,

Generally, chemokines@?émoﬁngeceptor expression are up-regulated in disease,

with chemokines actlerjEm 170 paracrine manner (Glabinski e al. (1995) Int.

J. Dev. Neurosci., 13: nd Randolph (1995) Am. J. Pathol., 146:1287-301;
Benveniste EN. (19924\4'01.93, 7516272Scha11 et al. (1994} Current Biol., 6:
865-73; Taub et al. (1 B@\n bﬂr_num(. [B29-46; Baggliotini e al. (1994) Adv.
Immunol., 55:97-179 elrns et al. (1996) Immunobiol., 195: 499-521; Taub,

Cytokine Growth Factor ‘f i j 5-76, 19E6 Dong et al., Eur. J. Dermatol., 13: 224-
30, 2003; Pastore et als Bur. ; —8 2004: Charo and Ransohoff, N Eng

J Med., 354: 610-21, ﬁols)| enI Okl ne
Chemokines ag_ )nduc1 acﬂ/dcu(@ﬂlsbxflu@g but not limited to, microglia

and macrophages. Th Y\imis es ar ght to induce the production and release of
egm

reactive oxygen species, uve cnz es, and inflammatory and toxic cytokines

from various leukoc ; In a€d}ion, chemokines have been shown to regulate
bnphoey.e
ohenhaat | f ac
tant; CXC

cl i enol dne
' el AN TE-
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negative hematopoietiggmmmjon, and several CXC chemokines can
regulate angiogenesis | mmZa]so play a role in many diseases that involve

inflammatory tissue d(su@orfm}kssdy miratory distress syndrome, myocardial

infarction, rheumatond itis, and arfer 51s

Chemokines Were origind ly named, for xample according to their functions or

origins. The most corpxgn QxIe ﬁ l ginn hglls used in the text herein. Recent
systematic nomenclatibﬂ édoﬂge@:x:luch uses the chemokine group name

followed by a number. iplp the ligands monocyte chemoattractant protein (MCP)
-1 and interleukin (IL).-8 are stemaucaﬁ Leferred to as CCL2 and CXCLS,
respectively. Their rex ep &RZ and CXCR1/2, respectively (Table

x and 7; Bacon, ef al.,ﬂﬁ@e]&xlcﬁﬁe reBMli067-3, 2002; Murrphy, Pharmacol.
Rev, 54: 227-9, 2002;@?efmkaimaﬂ>gev., 52: 145-76, 2000). Chemokines

and chemokine recept lx‘)e to l-gein interchangeably with reference to the
common and systematic nomenclature, Glven one name, one of skill in the art knows or
could determine the corYekpond{n nams~ 5
£C)1936

Chemokines, apg@bl@a? a sﬂfrfaxg)?f small (approximately about 6 to
about 14 kDa), inducil d se hem, nl cytokines that act primarily on
leukocyte subtypes. (jﬁ in g'n hav‘iz: n 15 and 50% identity in their
primary structures but. ENA shy Bxghly conserved three-dimensional structure that

is responsible for rece(;oFmdlp Pn{ach’@l'l II'hf st&rfamlly is divided into four

sub-families based upgn ce) of four conserved cysteine residues in
the primary sequences Three of the gmups ontal four cysteines, the other group does
not. The groups are d th\ the ﬁx@two cysteines. If the first two

cysteines are separatec@ﬁ 9@ @nﬂ)@\d they are members of the CXC family (also
called alpha); if the cypﬂneurt a@1ennhey?el ?sxﬁed in the CC family (also
called beta); if the cysti:?{ ated by % acids CX3C, they are members
of the third group (also Calle eQ);The fourth group ;1 chemokines, C or gamma,
contain two cysteines, cox;re ‘k ﬁrsn and third cysteines in the other groups.

cymklne 95;

SC1(115

P42830 1-76

37 1:4 PIP

({ DI ap~l 11l
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Structural analrﬁjlﬁl@sktfs Ejaé?st chemokines fimction as monomers and

that the two regions ne or Tecgptor binding reside within the first 35 amino acids
of the flexible N~ termlegj ag matuf€ polypeptide (Clark-Lewis et al. (1995) J
Leukocyte Biol., 57.70l3—n d@ Im( 9@ Biochem. J. 313:633-40; and Steitz et al.
(1998) FEBS Lett 30\ AH N V@:dks 3 Bjrokines can form, which formation varies

between chemokines. Wlﬁ: gdimmally occurs at high concentration in

solution (Baggiolini et I (2 z}@ Zﬁ ? ) Dimers, however, dissociate
upon dilution and the monomers constifute the brologically active molecule.

In general, the eI ers preferentially are active on neutrophils
and T-lymphocytes, a.né tPi)etaten@cmes are active on monocytes, macrophages,

eosinophils and T—lymfh(aretA@ifionalm_ veral members of the alpha and beta
chemokines sub- famlh Ve n, dendritic cells, which are migratory cells that

exhibit potent antlgen» esenting prop%mes following their activation and maturation
from immature phagoc b'ltgs% @[ght to participate in the pathophysiology of
many inflammatory dl*ares@‘ﬂ pllet a,@ teukoc. Biol., 60: 365-71, 1996; and
Sozzani et al., J. Immu56119)1%3-10@4997;?@im0t0 et al., § Dermatol Sci., 44:
93-9, 2006; van Rijt e jf J b] MthOé fBlét 2005). A fourth human CX3C-type

chemokine referred to talkine hag recently been reported (Bazan et al., Nature,
385:640-4, 1997; Imaif Ilﬂc 1-30, 1997; Mackay, Curr. Biol. 7: R384-6,
1997). Unlike other cla&daictlkZe exists in membrane and soluble forms. The
soluble form is a poten@léﬂa&fg{ f’nonocyﬁ:s and T-cells. The cell surface
receptor for this chemopp’ﬂ d RQCRI. It should be noted that there can be
subtle differences betw ical nature and physiological effects of chemokines
derived from different lgl43 ;lxohm et al., Adv. Immunol., 55: 97-179, 1994; and
Hacelens et al., Immunoaﬁ 41)9

Table 4 sets forth exemplary chemokines, including synonyms therefor, and
exemplary SEQ ID NOS. Further, Table 4 sets forth the signal sequence and amino acid
positions coding for the mature chemokine with reference to positions in the respective

SEQ ID NO. It is noted that, the description of arhino acid positions are for illustrative
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purposes and are not o ‘o llmu_ﬂffeqe qf ﬂv@lﬁﬁments provided. Itis

understood that polyp D § arld tf fe ptxon thereof are theoretically derived based

on homology analysis aly; an?s 1lar olypeptides. Thus, the exact locus

can vary, and is not ne: e sa.d Q ide. Allelic variant or species
5 variants of chemoluueéla@ mzx&vg_ Examples of allelic variations in exemplary

chemokines are set fm@pmyg SEQ ID NOS:170-191.
5 Ch kine Ligands

Chemokine Sydon; pdiProt | Signal Mature SEQID NO:
Achot t i O:Y\ ] ASpauence Chemokine
MCP-1 (Monocyte | CCh2; okt ﬂnduhbfe' LIFCEE T ATt ] 2499 112

= |t ALe
*;3@1”.?2138 Smal |

Botaxin (Bosimophil CCrl  Smalinducitlg \| P1671 | 1-23 3497 I¥E
chemotactic protein) | oyl kr cray K

SDF-1 (Stromal CXCL12; Pre] ﬁ f 11 P480 121 22-93 114
cell-derived fastor %y] @Kkl e AS

]

GRO-a (Growth- cx¢ U_Manlmj_ P09341 1-34 35.107 115

B | SGEHE0110;

Neufrophil-activating

eaCtr4. 6

?ﬁ:;fphage CC?m&ml P42_36 2 3-23 24-92 116
wounio | actdddy2 | CP
SISy Lymphe

rlotiBows,
et act | C

mbré?ein 4
))12111;
Smal |
i nduci bl e
cyt oki ne

Al13:

CC- bal e10]
NCC- | ;
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r.’) ?not e I r NO: 1 Sequence | Chemokine .
IL-8 (Interlenkin-8) or:I;B 1 GSP.IOMS 1-20 2199 117
’
che tactic fa
iSEhE e
chemotactic factor;
NGOG 1)
protein 1 AP
Pre
Eeybekine
prot 1 (GCR-1;
M e eriyed
oD
mar
. E.moctakm y
1P-10 (Interferon- CX @aﬂ P02778 121 22-98 118
inducible protein- inducible cytokine B10;
10)
anﬁ%ed pMem, I O n
AEdE] e | ed
MCP-3 (Monocyte CCL7; $mall inducible P80098 1-23 24-99 119
chemotactic protein cyt@xj'}e‘mj k I NC
3)
MIP-3a CC zohﬁﬁ\@ﬁ)\ P78556 1-26 27-96 120
(Macrophage cytoRin, A20 Liver afid .
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‘g,gg*m age
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derived chemokine) | cytokine A22; Stimulated CC
T— ] tic|
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GCP-2 (Granulocyte | CXZL§; S indugil P < 38-114 124
chemotactic protein E’;rt—: ﬁlﬁe% d gpn al. d
2) alpha 3 (CKA 3%
ENA-78 CXC inducible P42§t30 L 1-36 37-114 125
(Epithetial-derived cyte hrfp?d 43
neutrophil-activating 1 ra O
rotein 78; EF ﬁg gl r
PBP (Plateletbasic | CXLF S i ible | P02775 1-34 35-128 126
protein) € A :
maiRga) CCL
(L] ; Macrophage-
den wﬂyfactur
onnectiv
i Ki ne
HI (
Efacwr -
s EB11
throjnbggl
Neutro; Ugaﬂ d
pep P
bHERoKI ne( EL
MIG (Gamma Small i 07325 1-22 23-125 127
interferon-induced cylo(@BD SEE &
monokine
PF-4 (Platelet factor | CX( a;kﬁ@ 1-31 32-101 128
4) Ironplact; SCY}}& L .
PFAvart (Platelet | CXECHROGET S PiDIZ0 130 31-104 129
factor 4 variant) PFAVL; SEVBHL 4 o
SDF-2 (Stromal I UT O 1T gbsaro 118 19-211 130
cell-derived factor
2 SCVAI 9| (997
MCP-2 (Monocyte CCL cible, 580 1-23 2499 131
chemotactic protein Cc;%e Asz‘i - 5
2)
MCP-4 (Monocyte pniﬁmd\hba Q99616 [ 1-16 17-98 132
chemotactic protein cymk' e Al3; CK-| hetﬂ-
P iofe ophage
MIP-4 (Macrophage | CCLI8; Sm; duclb]e PS5774 | - 21-89 133
inflammatory cyto‘mﬂfg T 127
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S AL ed
1 (DC- CKl) .
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inflammatory llg
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3 CK[} 1 $YA19. A ~NAah
MIP-20. cxpu G:Mh ST Tpodg © 1 34 35-107 135
{(Macrophage regyflat bew7 .
inflammatory (Gl O ) .
protein 2-aipha) G
MIP-28 C T m 1-34 35-107 136
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protein 2-beta) GR»‘GA CY] ' L
MIP-5 (Macrophage | CCLLAD nfall inducible dwﬁ- 921 22113 137
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inflammatory protein 4-
aipha (MIP-4-alpha);
Thymic stroma
chemokine-1 (TSC-1);

IMAC; SCYA26

Chemeokine Sygon H Signal Mature SEQ ID NO:
h g&t I Vat E Bﬂh Sequence | Chemokine
Lungkine C] QOWVLLT | 125 26-167 144
ﬁﬁﬁﬁah
SCHB 1
C10 CCIIG'SM@!ImhIe P27784 121 22-116 145
cytokine AG; SCYA6 1
MIP-1y caDXqUt, SBS SBT3 22122 i46
{Macrophage inducible cyjokine A9;
nammaiory | Vgl . .|end
protein 1-gamma) inflammatory protein- @ | |
rek: rofeinkRy (MRP-
SEEkb- Sma
cHelahie
MCP-5 (Monocyte | CCLIA&hal cibld 1| §eza01 122 23-104 147
chemotactic protein
9 Efateewmod HAN'
SCYpL2 . Tl a
LEC (Liver- CCHd8malrddncivle 315267 123 24-120 148
expressed cwane Al6; IL—IO-
Moncn‘actl H
icgslHSheci | | e
ymp: ocytean )
ﬂm@“x@%, n 91p)
schad UP228) ;
Exodus-2 ble 0: 24-134 149
e e, PP 3502
Sece
tisst R ((g& 91
S
1 ‘1;0 140
MIP-3 (Macrophage | CCI%3;Bmall haubivt? | Po778 J | 121 22-120 150
inflammatory cytokine A23; Myeloid
protein 3) progenitor inhibitory
factor 1 (MPIF1); CK-
beta-8; CKB-8; SCYA23
TECK (Thymus CCL2S; Small inducible | 015444 123 24-150 151
expressed cytokine A25; SCYA25
chemokine)
Eotaxin-3 CCL26; Small inducible | Q9Y258 | 1-23 24-94 152
cytokine A26;
Macrophage
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T-cell-attracting cytakifie 25(), 24 = ‘g(ﬂ
chemokine) 1 Imgcus-r
ch kinkife;
ESkine; SCYA27,
MEC (Mucosae- cq nyi!qg? )§F@ - 1-19 20-127 154
associated epithelial | cytokine A28ICCKI; C
chemokine) scgpceet ed
SCM-1B (Single C | XCL2; XC chgmoking Q9UBD3 | I-21 22-114 155
motif-1 beta) lsig F oHMCl N
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inducible T-cell indideible 11; ~
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kidney-expressed mdtlcxbLI@@_eIBM C h I
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SC@“‘ 79 91
SR-PSOX 16, SmaXl_ Q9H2AT | 129 30-254 158
(Scavenger receptor md lgczmlg )31 q_ I
for
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and oxidized low 200641661218
density lipoprotein) AANAF ]
Fractalkine cxjctUnlmll L, 1&g U N24 25-395 159
indugiblg ¢
060878
membrane-anchor:
chemokine; FKN;
SCYD1
LD78- CCL3L1; Small P16619 1-23 24-93 160
inducible cytokine A3-
like 1; Tonsillar
lymphocyte LD78 beta
protein; GO/G1 switch
regulatory protein [9-2
(G0S19-2 protein); PAT
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MIP-1b2 CCLALY; CC chemokine | QSNHW4 | 1.23 24-92 161
(Magcrophage ligand 411
inflammatory
protein-1b2)
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Chemokines m@eéWties &é—pmteiquplcd, seven transmembrane,

rhodopsin-like cell Ceptofs. ically, the X Chemokines bind to one or
more of seven CXCS-ZiCﬁi (me 3A, 3B, 4, 5, 6), while the CC chemokines
bind to one or more oflelf:.vertgjeclptm @CRI, 2A, 2B, 3-10). Other chemokine
receptors include XC}(,:m& g_65?g2(»CKR and Duffy (also known as Duffy
antigen receptor for chgfmsl, o[ DARC). DARC, D6 and CKX-CKR are scavenger
chemokine receptors which cangbind chemofi]n s ligands from all four groups (Hansell ez
al., Biochem Soc T’ ., Q‘;‘O 9-%, 6, ngaﬁ et al., Cytokine Growth Factor Rev.,
16: 679-86, 2005). Ex&ﬁé:t' chhme‘eceptors include, but are not limited to, Duffy
antigen receptor for chn@ifkFFIARC), CXCR-1, CXCR-2, CXCR-3A, CXCR3B,

CXCR-4, CXCR-5, C e 1%—1(51%1, CCR-2A, CCR-2B, CCR-3, CCR-4,
CCR-5, CCR-6, CCR—@W&RT,?C]U 0, CX3CR-1, XCR1, D6 and other
chemokine receptors.

The receptor bizi@ of G]le@okné é'theinggﬁ:ells is a complex and an ever-
evolving area of invest@@xl (_ielﬁa;lly, t}ml-s llind to the various ligands in an
overlapping and complﬁt]aéf. mfalimﬁxiy céls typically express several

chemokine receptors, and ﬁo*p than one chemol j can bind to one receptor. For
example, the beta chem%cme recepitor binds/to 1ot only MCP-3, MCP-4 and
RANTES, but also to hexB Z, o Y Eotaxin-2 and Eotaxin-3 (He

et al., Nature, 385 645549]1997; 132 3. 1. Exlaxlreayz 79: 881-7, 1994; Jose et al.,
Biochem. Biophys. Res. Commun., 205: 788-94, 1994; Ponath et al., J. Clin. Invest., 97;
604-12, 1996; Daugherty et al., J. Exp. Med. 183: 2349-54, 1996; and Forssman et al., J.
Exp. Med., 185: 2171-6, 1997). Eotaxin, Eotaxin-2 and -3 are CCR3-specific (Ponath ez
al., J. Clin. Invest., 97: 604-12, 1996; Daugherty et al., J. Exp. Med. 183: 2349-54, 1996;
and Forssman ez al., J. Exp. Med., 185: 2171-6, 1997; Kitaura et al., J Biol Chem., 274:
27975-80, 1999). A second example is the alpha-chemokine CXCR4 (fusin) HIV co-
receptor. Several isoforms of the chemokine stromal cell-derived factor (SDF) including
SDF-1a, SDF-18, and SDF-2 have been identified that specifically bind to this receptor,

which is present on various subsets of inflammatory cells and are highly potent MNP cell
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( Macr ophage
i nf | ammal may
protein,

g Chem, : 2488670, 1997; Yi et al., J. Virol, 72: 772-
7, 1998; Shirozu et al., i f’& 495-500. 19’95' Shirozn et al., Genomics, 37: 273-
80, 1996; Bleul et al., ¥ d., 184: 1101-9, 1996; Tanabe et al., J. Immunol. 159:
905-11, 1997; andHaﬂlamu@rle bd 2.4, 1996; vu et at, Gene 374: 174- 9,

2006). cyl ol dr mL19;
In some cxampmieirg ﬁ aarnﬂkma e ﬁciﬁc receptors is affected by the

presence or absence of.particplar amino acid mﬁlfs such as, for example a tripeptide
ELR motif (Glu- Leu—Alrgn X -r Q ted by such a motif. ELR

positive chemokines gpardl%xﬁ'ylth&xdﬂeclepa are angiogenic and
preferentially target nettrel@. hpqﬁu@ttEe.heﬁwe chemokines bind to CXCR3

and 5, are anti-anglo any ereRiﬂy)argetZ?:{[ ocytes, NK cells, immature
E]

attractants (Ueda ef ol,

dendritic cells IDC) dothelial cells. LR negative chemokine SDF-
1B (CXCR4) as well as ome C eniokmes including MCP-1 (CCR2) also are
angiogenic (Strieter et kme Growth Factor Res., 16:593-609; Salcedo et

al. (2000) Blood 96: 348@%1(@ also bind to cell surface heparin and
glycosaminoglycans inpﬁylhﬁi?}@zghtz IcilitiP?é maintenance of a gradient

needed for leukocyte agtiyai sportation (extravasation) from the circulation
into the inflamed tissue (ScHall et ;Ztrrent Biol., 6: 865-73, 1994; and Tanaka et al.,
Immunology Today, 14 11\1@ n)Q G«é{l Lt te Cytokine Growth Factor Rev., 16:
637-58, 2005; Johnson i ), @AM, SB@:lnsl, 3E 366-77, 2004).

Table 5 sets forg bclbeﬁ)tmé:axlqkmni agonSl) specificities for exemplary

chemokines and their re, Ibe n in chemokines have been

shown to bind different chemokine recbptpr EII antagomstlc fashion. The data in
;b &}ferences between chemokine

Table 5 pertains to hunlan
receptor specificities, eEh@lkjhe ave different affinities for different
eptor sp
receptors. Hence, speciffp ﬁc as epfor=specific, conjugates can be
Y
prepared. There also caf; %Tlegflffgaces in receptors among members of a species,
and, if ic ¢ can be prepared. In addition, different

chenoLne;
SelfAl 2

QLI 2401 1-22
23-104
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species express homologs of human ¢

homolog of human 1—3@ t-I] @;ﬁp

TABLE 5: B\Rdajy crladad

Snn |

herpokines.,

ﬂwﬁ)Q Immunol., 160:1975-81).
Lﬁl';d-Receptor Specificities
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(f;or example, TCA-3 is the murine

mmmﬁwtonclocy

Chemokine Receptor(s)

; D6

Eotaxin (Eosinophil che c§c protggn)* CCR3; CCRS
SDF-1B (Stro eltderved fadtor | CCR4, CXCR7
1 r\i A\

CXCR2; CXCRI; Duffy

GRO-a (Grolt ofpin alpha)
MIP-1p (M

SEYATE T
beta) *

CCRS5; D6

S EGH05 65

CXCR1; CXCR2; Duffy

IP-10 (Imerfqﬁrdduci]faqat;fn—lo)l O

CXCR3A; CXCR3B

MCP-3 aworﬁuyu!chem‘cﬁc}otenﬁ)

CCRI; CCR2; CCR3

MIP-3¢ (Ma@&ﬂnimmaﬁry protein3 | CCR6
alpha)
MDC (Mm)haé-herﬂ«tdadw K- 2%
1 4
2/1[;1:3;& (Mafophagpt@ftm@ px?tem I CCR1; CCRS
BCA-1 (B cof e DM Bokine IS FXFRS
GCP-2 (Gmnu.locigerilemo{_act,ic Tottlin 2& CXCR1; CXCR2
ENA-78 (Eplthelidi\ herm&neb&dphﬂ- CXCR2Z

activating prﬁﬁﬁ o l( I n %
MIG (Gamma interferon-iduced monokine)

CXCR3A; CXCR3B

) NN
SDF-2 (Stromd] cell-deriP factor 2)

Unknown
MCP- ¥ CCRL; ; CCR3;
CP-2 (Monwbnlotampndn 2) ca R;; ggkz R3
MCP-4 (Mongyte cwtﬁcwureixﬁ)o I'| CCR1; CCR2; CCR3; D6
MIP-4 (Maerdlphzlange 'Fl‘ﬂi'{"mfmt?ry grotein lz_;) | Unknown
MIP-3p (Mackophabd thidctmatorypriedih 371 CCR7; CCR1T
bets) factor 1
MIP-2¢ (Maclophgpeinftam¥hatory pratein 2- | CXCR2
alpha) 64 ;IMH 161 )
MIP-2 (Macrophage in! atory pmte] 2- ] CXCR2
e B D A

MIP-5 (Macro}lx\alge if)\flgwmat(g protein’s)

CCR1; CCR3; D6

HCC-1 (HemdétatddClciem$dne 1)

CCR1; CCR5; D6

SCYA23
165571) 1

22-120 110
TECK (Thynus

nmChbceond
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RANTES (R tio: CCR1; CCR3; CCRS;
T-cell expres: elitz)‘f “-2 gﬂ Duffy; D6

Eotaxin-2 (Ef‘mipbi zﬁmﬁw protein2) | CCR3

TARC (Thyrhtisndcti¥atidn-fegulated CCR4

chemokine) ) A _

T lymphocyt'_secreted pro:em‘r'sog CCRS; Duffy
Lymphmactya U :) J_ :) J_ U 6 XCR1

Lungkine (\ﬂ 2 6 b 0S Hlknown

Clo ; CCR1
Y\ Y
MIP-1y madroMMAkateM CCRI
gmm)  Ant Al An
MCP-3 (Moxhb}sté&wrhﬂdcne‘ﬂrbt}m) CCR2; CCR3
LEC (Lwer-@mssgc&xqokme) CCR1; CCR2; CCRS;
CCRS

Bz Q0 ait OPhagers:cear
B o ) = V10 ) VA
TECK (Thymus exp’rs\sied (;EI\CRD ine) N <CCRY; CCR11
Botxin3 M T UTTCIVY™™"T¢cRr3

CTACK (Cuaqﬁ pﬁiamctmg CCRIO

chemokine)

MEC (Mucokw—llvﬁﬂg wem al D&

chemokme)

SCM- 15(Sxxﬁle,0moua'-l>elay | II U [ xcr1
LTAC (IntemﬁeT “cell alpha CXCR3A; CXCR3B

chemoattrac

BRAK (Brea spd = | Yoknown
i ek No-|T
SR-PSOX (S| ave"gWr af}}:)’ CXCR6
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Each chemokm j tor hal;cﬁstmf lﬁkocyte specificity, although the various
chemokine receptor-le; ﬁ/spec ties ¢ lap considerably (see e.g. Table 6).

For example, distinct re ecific for the same chemokine and the same
function can be cocxpreés% ﬁd}e tara cell, Additionally, distinet chemokine ligands
acting at separate receptors on, fae shnggell X ilu same cellular response.

Further, different chemqkine ligands can bind to a common receptor and induce different
cellular responses on the taFgét cell. Most chemokines bind to receptors expressed on
leukocytes, particularly Llﬁa@ﬁéﬁ es,ulﬁy gh some chemokine receptors can be

expressed on other cell @E.zl;l as varlg{ml: reLidenﬁal cells, for example, red

blood cells, platelets, asimmtd a@ti:elb I:ele neurons, epithelial cells, adipose cells,

and microglial cells of traﬁ R’iiblﬁ zclucB 210?—sxhaust1ve exemplary list of

chemokine receptors ang s an x plary si j-eukocyte subtypes and other cell

types that are known to ex;i(mss ¢ach chc dne recep or under various disease and non-

disease circumstances: a p a'

TABLE 6: Exfﬁb}@ eptor-Leukocyte Specificities
Chemokine Igviztcir Legncyte Sgype s)

CCRI <ol T cell, IDC; MNP; TAM; Basophil;
EO/ 3% A 3ghil; PMN; Piatelet

CCrR2 Q(\ el?B cell; T cell; IDC; MNP; Basophil; PMN
CCR3 T cell; Th2; MDC Basophil; Eosinophil; Platelet;

CCR4 m Y%X 3 NK cell: T cell: Th2; IDC; MDC;
25 TR N

CCRS Thymocyte; NK cell; B cell; T cell; Thi; IDC;

(L MUIIGed 18, @c; T Adipocyie
CCR6 p B cell; T gell; IDC
a22cln rmz e ﬁl
CCR7 b - .7 s 2 5Th
PR R '
CCRS eJQ T TCrE ey te; TF et celt; Tha; IDC; MDC; MNP
o chedet feper

CCR10 T cell

LD,
CXCR1 \A,Laﬁ,yw;sf]mcdé

CXCR2 N ;B{moen» PMN; MaC

CXCR3A NK cell; B cell; T cell; Thi; MaC
eso |/ A€
COoUNT 11 \J

A215; CCK1;
SCYAI 3

Q@ON U2 1-19
2"AD 1A
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antrrfegon,
inclaril6e
Chemokin??efepgr elleuTmyte gfypﬁh a
X Chemedt &€ E

CXCR4 Thymoc cel chll IDC; MDC; MNP; GC;
W]ﬂ ip c;he Astrocyte
CXCRS o | Blcell T cell; Astrocyte

"
CXCR6 N TEUN NK cell; T cell
pnll =0 u % ] I
CX3CR1 LY o Lot J575 Py Asteocyie

Key: NK=natural killer; ThYZ %e 1 belper T c2 oell"ﬁ'bZ—typeﬂtaér T cell; IDC=immature dendritic cell;

GC-gant ol ?ﬁ.‘&'ﬁ:&?ﬁiﬁ&mﬁf ke &“  ¥a\ e e

;ﬁxﬁzz?n;ﬂegp r;: ﬁmm vhﬂoﬁﬂﬁc at:bove represents an exemplary, non-
Each cell type liasb*eekinp$e®tpr@ie t}3t is akin to a fingerprint or

“chemoprint” that is de ndent on the specific cell type, function type, tissue type,
disease state and type o afe of the cell type, activation state of
cellular receptors, andé jxg qeg iaﬂ ii’ncluding surrounding cell types and
molecules. For examp]l éLll% oRlonvcyﬁc lineage tend to be associated with CXCR4
and CCR1-3 and 5 receBHS Yoo BB basophils with CCR1-3 and CXCRS and 4
PMN with CXCR1, 2 gmc ls with CCR1-7 and CXCR3-5; Th1 cells with

CXCR3 and CCRS; an 13(1)14 ébé:gs with CCR2, 3, 4 and 8 (e.g., Baggiolini, J.

Intern. Med., 250; 91-1

In general, the kzgxg a%es, spe&aes,Me differential distribution of
receptor subtypes acro% tBﬁ c@l&@xtnine @ ﬂldibution that a given chemokine
will make to the mﬂamka?ormﬁté e fil-peﬁle of a given chemokine

determined in one settin, ma nohol truc in another, most especially if the ratio and

activation status of target Ce ls chianges dyring trauma or disease. Hence the biological
profile of a given chemG( ,a’ EIZQ A CHE tablished on a case by case basis.
For example, the effect@(@gyte Mnotactic protein-3 (MCP-3) are similar to those
of MCP-1, but the fomgh\ﬁ to a} broader range of cells and receptors. In addition to
different receptor exprelgsrifu rn different el @15, receptor numbers expressed on cell

surfaces can vary. For examp le C S are expressed at the rate of 3,000

ry ek
314; BUICk
hay MAC%

SC7B14
NOC71E 1 99
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Teceptors per monocy! ard e are about 50,000 CCR3 receptors
on ¢osinophils (Bonsh e j‘ll Clm Inimunol., 111: 8460-75, 2003). Such
differences can have i ﬁn direction and response times. For

example, the high dcn CiA on T cells correlates with faster death induced by
HIV, and a higher denk;{jdre@@'tl nblkng CCR2 and CCR#4 is associated with the

recruitment of alvenlard‘ vlts xhakrFlclas@la patients (Kallinich ez al. (2005) Clin.
Exp. Allergy 35,26-3 m&i_ege et al tyg Hum Retroviruses 20: 1230-43).

Likewise, chemokine re(!eptor Toliles offen change during trauma or disease.
Chemokine hgand/rec taaa a constltutwe/homeostahc

inducible/inﬂammatorﬁ@@th 3’,54 Tag_e58‘herefore, the inflammatory
chemokine ligands ananr'r a:ettrsa@lt nﬂeearily expressed until disease or

trauma ensues. For ex: gugltr:!a ¢lis will quickly change and upregulate receptor
- r, et al. (2000) Neurosci. Res. 59:63-73:
Henneken_eLaL,(Z.(]l)S, ABsARew. Ther. 7: R1001-13; Klitgaard ef al. (2004) Acta.
Ophthalmol. Scand. 82} 1THEHI@D i@ b 4D2001) IDrugs 4: 427-42). The identity
of a chemoprint also d Wcsﬁréabuﬂlce of inflammatory and non-
inflammatory mediator W $ 6};; ag? ay etﬁ (2006) Virology 349: 112-20;
Stout and Suttles (2004 eukbc. Bio ozzam (2005) Cytokine Growth
Factor Res. 16; 581-92; Man ., Trends Immunol., 25: 677-86, 2004; Ben-

Baruch, Cancer Metastﬂﬁ?ﬁ.‘b(p6a1ﬂ@ed @edd Eprint). Table 7 sets forth

exemplary expression h@ro@ﬁnokine/receptor axes as a consequence of function

under homeostatic or in; aﬁnéﬁﬁ) 1
Table 7: Members of th okme Superfamﬂy of Ligands and Receptors

Exemplary
Function

expression once activates (e

Systemic Name Receptor(s)

CC Cherokines b€59ldl
i 035118 = ooy
i 25,395 159 ey
e L84 "
CCL7 C& 3 L 1 ; CCRI1, CCR2, CCR3 Inflammatory

Smal | |

ndf acithl e
cyt oki ne PJ

Il Aar



‘WO 2008/080218 k PCT/CA2007/002278

(
160 M P-11, 2
( Marrupl ogc

i nflammpt ory
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Systemic Name COthlLl, Cleeptores) ?:f.rcl:?(}:ry

ccLs h:ﬁm k 1 R3, CCR2 Enflammatory

ccLy C i Ia kaown Unknown

coLlo | | ﬂ: 5 n ) 4 | uﬂ:own Unknown

ceLl E Inflammatory
ccLiz 383 1 1 1 3) c%ﬁ Unknown

cCLi3 c Inflammatory
CCL14 1 HZS 1 6 CCR1 Unknown

ccLls née- CRJ, CCR3 Unknown

CCLI6 dfm | d n CRI1, CCR2, CCRS Unknown

cCLI7 CR4 Inflamm/Homeostatic
CCLI8 R@g Unknog 6 Homeostatic

ccLls % pt or CCR? Homeostatic

ccL20 H Inflamm/ Homeostatic
o Chghoki nes e
CCL22 1 CCR4 Inflamm/Homeostatic
can mefli ate o G

ccL Ht:é(i ccr3 Inflammatory
ccLzs t r cere Howmeostatic
ceLs i3 H Inflammatory
ccLzr ad:txci Vit égo Homeostatic
ccrzs . Mzé CCRIO Inflamm/Homeostatic
C Chemokines Vi

xcLt L : X Unknown

XCL2 G'sém'm el a_xx ou Unknown

CXC Chemokines

cxcLr p |GR§ d ) se \éxgzn Inflammatory
CXCL2 Inflammatory
i t cdnsmentifian )

CXCLA PF4 CXCR3A Unknown
CXCLS e JENA-78 CXCR2 Unknown
CXCL6 C) R13CX] Unknown
o r fidopshghi®kR® G-
CXCL§ - | | CXCRI, CXCR2 Inflammatory
CXCLY e Mlt e CXCR3B Inflammatory
CXCLIO CXCR3B Inflammatory

" o sukface oo B
oxcers r @CEpt or Sa .
orats Ty cal |y i
i | e CXCo iy

chenoki nes
hind to 0110
or nore of
seven

CXC-recept or
c (0 YD1
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Itis understoo@ ﬁié ? ﬁ.xrnf only, and the expression of different

chemokine/receptor pairs is dependent on a m ber of factors, such as, but not limited to,
the stage or severity o ;h se. For examplel n [8ukocyte subtypes may not be
present until a chmca.lb)]ldlnldas rtacgzd a vt i stage. Also, receptor expression
can change. For exanfglea]renlol@u:@tors prior to spinal cord contusion injury in
rats are not detected, Thq )gea.lﬂ d '§ZR21 C?‘]ij CCRS5, CCR10 and CXCR4 were
differentially upregulated in ¥ time d dent manner from one day post injury to 14
days post injury (GhirniKar, e al. (20()0) Neurosci. Res., 59:63-73).

Certain Iigand/Q:Mte&el p@ p@iheﬂ@s in specific diseases. For
example, the MCP- ll(aqq @s lstm@m wange of diseases which include,

but are not limited to, therosclerosxs restenosis, multiple sclerosis,
spinal cord injury (SCB), canci chronic kidney disease (CKD).
In another example, Sli éjiﬁ is relevant n arims and a number of cancers
including ovarian, prosgt eabt z§i brain cancers. In another example, the MIG, IP-
10, -TAC/CXCR3A atesy'ﬁlev@ta l)réanyansplant rejection, type-1 diabetes,
proliferative glomeru]oe ¥t rGé ggnultiple sclerosis. In another example,

Eotaxin, Eotaxin-2 and oé)\xy 18 re important axes in asthma, eosinophilic
inflamma

pheumonia, esophagitis a ry, skin diseases.

In most cases, nG l@m J ll&l@ and chemokine receptors are expressed
in particular disease stareseg @Ma@(ﬁ@ Jmmunol. Today 20: 254-7; Borish
and Steinke (2003) J. Aailgrdlin. )l'ole 11: $460-75; Charo and Ransohoff, N'
Engl J Med., 354: 610- ) , in an experimental autoimmune
encephalomyelitis (EAE; arfm np.le sclerosns (MS) T cells can express CCRS,
CCR2, and CXCR3 (MQT] immunol., 128: 16-22). In another
example, in in vitro blo@-&m-bmb‘ (ﬂafdtrantm@atlon studies, MCP-1/CCR2
axes is important for leg ﬂte/asatlon of CCR2 expressing MNP and T cells, though T

cells can express CCR%, C xp fMahad et al. (2006) Brain 129: 212-23;
Callahan et al. (2004) J. Neuroimmunol., 153: 150-7). Thus, when studying specific

diseases or traumas the $pa g{tem]ﬁg( @@B an@chmcal profiles of any given
fic beta

du: Mai ne
r onpl or
CCP- 3 bi nds
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receptors.

Hence,

speci es;spec

ifi e, as
ligand/receptor axis or, an|be es ed in choosing the targeting agent or agents
for the toxin conjugatem‘t | tglgh

Adding to this [orglglg Q;atgl«[glca] %rggns immune cells and

contributing tissue resnﬁ;rlt c llJ (’l@(;) can undergo profound changes in phenotype and
can express chemokjne@e@ﬂnj; e} qa)tn@gly associated with the specific cell
type. For example, de: C)f Temﬁ:epreference for PMN, profound PMN
chemoattraction by the CC chemokines MCP-{ and MIP-1a occurred in a rat model of
vasculitis sepsis and a of seps1s (Johnston et al. (1999) J. Clin. Invest.
103:1269-76; Speyer et-rdhﬁmma aa)DIGS 2187-96). Receptor changes also
occur in disease on MNE, alﬁxph% and MaC. They can be induced to express
CXCR1 and CXCR2 ing)Fcti gflang i ironments (Smith er al. (2005)
Am. J. Physiol. Heart Ci Pfy.?ol 289 H 1976-84: Lippert et al. (2004) Exp. Dermatol.
13: 520-5). Eosmophﬂ en express Em%ona Cl the cognate receptor for MCP-1

(Dunzendorter 2001 A ARl eRLOLS,

i@l n‘@zﬂrgary Chemokine Targeting Agents

Chemokine i gaﬁsesni-b @ riggd-toe'rfconjuates provided herein typically

are any chemokine with gj eclﬁcx o i?le t one chemokine receptor, but typically more

than one chemokine receptp 3 cxpresse ‘ox1 ohe or more immune effector cell, including

leukocytes or other cona)mi :ffect(lr Hls, involved in immunomodulatory or

inflammatory processesfsh@B € BB!IGiE rnfqumation that promote secondary tissue
damage. Such receptorwe *enea'lyemtg*afe@@erfanﬂly of G-protein coupled,

seven transmembrane-dgmain, thodopsin-like receptors, including but are not limited to,
for example, one or more of the receptors known in the art as the Duffy antigen receptor
for chemokines (DARCpIQ B}lClUlg)%{ g&CR 3A, CXCR3B, CXCR-4,
CXCR-5, CXCR-6, CXCRa nZCRb, e}R-ZA CCR-2B, CCR-3, CCR-4, CCR-S5,
CCR-6, CCR-7, CCR-8, ?Ré galp @(dZR 1, )1Cln and other chemokine
receptors. In some ex lected for use as a targeting agent in a

B

i

conjugate provided herein ¢ toa speclﬁc recepwr, whereas in other examples, the

rﬁlﬁn%ﬂ eptor. In addition, a selected
98 species
express
honol ogs of
| nman

al at niili noac

chemokine selected can
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chemokine for use as a ’2n (@,!gm exhibit ovetlapping and
differential receptor spgx 1ﬁc

i mokines (see e.g., Table 5).

Inciuded amon; such chmﬁs are any set forth in Table 4 above,
including any of the alg etachemokines, and other similar sub-groups of
chemokines. More p. ic%,ﬂ:ﬁ@iy4prgenﬂy preferred for use as the
proteinaceous ligand rreeh 'ewvda)ezt:oiljuetcs include, but are not limited

to, the alpha- chemokm ; granulocyte chemotactic protein-2
(GCP-2); growth-relat onco ene-uj ;{lj)x RO-B, and GRO-y; epithelial cell-
derived neutrophil actl\g;géjtlde 78 (ENA-78); connective tissue activating peptide
I (CTAP 11, neuﬂopﬁﬁ@m&e-z (1@@[); rSmkine induced by interferon-
v (MIG); interferon indM:lezmIeellO (}EJO which possesses potent chemoattractant
actions primarily but n ipst T cells); the stromal cell derived
factors SDF-1a, SDF-]E,Tjdr éls;(fghj eﬁ?e:tx:gles known in the art as the
monocyte chemotactic proteir [S:il BXACP 4, and MCP-5; the
macrophage inﬂammatpyrprQ:LsQ]’P- ﬂ M'B-IB, MIP-1v, MIP-2, MIP-2ct, MIP-28,
MIP-30 , MIP-38, MIPa,lanphPa;)nacr@%ed chemokine (MDC); human
chemokine 1 (HCC—])'W' Eotaxin 1; Eotaxin 2; Eotaxin-3; TARC; SCYA17 and
1-309; dendritic cell ch Rzﬁté ?) Lt]]tg cherﬂkme lymphotactin; the
soluble form of the C chemokipe fractal (Which are chemoattractant primarily
but not exclusively for fono h I:Jacrophages, eosinophils and T cells); any others
known to those of skill@ betrmzkymlel;uc or modified proteins designed to bind

to the chemokine recep@eMokines can be isolated from natural sources using
routine methods, or exqres@(hls'ég nLlcl i tcid encoding the chemokine. Biologically

active chemokines have, é ecombmantly ﬁpressed in E. coli (e.g., those

commercially available olis, MN).

Examples of oﬂler ﬂ&mlkla@@l.ﬁ Lg&tn@de any that bind to and/or

activate one or more mlm\ye cep @cm a@ 1ecﬂdaty tissue damage-promoting cells,
such as for example, the acylate & receptors 1 and 2, and the receptors for
vie 0 e

LDL, very low density Wm-l (VLDL- é,éﬁgz glycoprotein 330/megalin,
RCA- | (2
cell-attract

ng them Um
1\ ONEN
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MCP- 2

(Mono2y-te

cAppnut gcl
rok in 2

lipoprotein receptor-re] in, (LRE, croglobulin, sorLA-1." A
particularly useful recepo; jaled prm amed, has a molecular weight of
about 39,000 daltons a and my ) ivity of proteins, such as

members of the low dm' MREDﬂJ»recepmr family.

Itis understuox(thmm@kmts O known and that such chemokines and
receptors specific theriﬁ?ﬁaéu re necessary produced and used to
produce conjugates as described herein. As describeq in detail below, the discases for
which the resulting coRLatg ct&n@ uss@ n beii
populations upon whiy s ﬂ:erefor are expressed, and also can be determined
empirically vsing in viko an@ viP@)&e}s known to those of skill in the art, including

those exemphﬁed desw or refeﬂ(@ herein.

ne Cytokines

rmined by the specificity and cell

Conjugates that nclude clas ic cytokines that are non-chemokine cytokines that
bind to specific cytokl & %&‘s bn Q) ag&d in secondary tissue damage,
including any that a.lsoﬁ(ﬁrelss c@(fs,Yso can be used in the conjugate

provided herein and mﬁrndfd@ﬁ ger]fra% )13 conjugates provided herein.

Conjugates that includs SSIC C; okm% have been used for therapies, such as
cancers freatments by tle m0r ceQ r]t is intended herein, that cytokines are
selected for their ablllM bihdTo 3 )n((mtc 1% ptrrlgnng cells, such as leukocytes
that infiltrate tumors, efld.lp hl&ag@ated with undesirable inflammatory responses.

Although chenf)kirffaf oa.ersibylclissigt aﬁytokines , they are a distinct
class of proteins. Thei[ sific; tipn as, cytokmes is, ore historical than actual. When
new proteins are discoyes e named oy exam e, after their apparent activity or
their cellular source. Thgn eﬁ cyto thought to be hormones or were
called growth factors. %ngtok‘les share many properties with hormones and
growth factors, the disﬂﬂﬁorl ha ac(l Wﬁlbﬂ a w a. For example, ina review
article (see, e.g., Wellyet al. (1996) 4nn Rev Biochem 65:609-34) the phrase

"hematopoietic hormones/c: nes" is used (a reference to the similarity of biological

actvitics with the varibdd ooy ke B s@liescribe oytokines. Some
y peelsm)-
al pha)
CXC. 21.2
M P-213

{ \\brr nnhano



‘WO 2008/080218 { ( PCT/CA2007/002278

20

25

RANTES

(Regul at ed

upo n 108

activati on,
cytokine activities orig’lﬁy were 60&t1d 1rom Iymphocytes and monocytic cells and
were termed lymphokines and monokines, respegtively. When it was realized that these
molecules represent aﬁ(}% ct@lés and were derived from numerous cell
types the term "cytoklﬂ'%ﬁc])med.

Classic cytokx@@:{}* k@tn@i@)nclude interferons (IFNs), tumor necrosis
factors (TNFs) and intme:[sjfo-callee@algmu activity includes communication

between leukocytes), l(j’at o;et!c grov%ﬂ torr owth hormone, ciliary neurotrophic
factor and others. Thesg cyto es’reglla e the prolifération and differentiation of many
different cell types v1mrztlyg)gat)gl9“ clg{ cgokme receptors. The Class I
receptors are typicallyéo&@e@,of 3 7] @1@&3}1}1@ I:hams, an " ligand-specific subunit

and a B signal ﬁansdu@ﬁtéﬁd’@flaaéntcepuﬁ can be subdivided on the basis

of an identical a subunit and, fhe utility of a Zli subunit. The interferons act via a
structurally distinct set of {ot and v) Class Tl4heceptors. There is now an emerging

family of distinct

Cytokine recepIrAR@&ill mm intraceltular signal pathway,

but also can signal thrl%.om#n}h Qad's. @glﬁcanﬂy, none of the cytokines,
such as the mterleukm at b \? qeceptors bind to any of the structurally distinct
Ve

chemokine receptors (des nbed abo no chgmokine ligand binds to any of the
above described cytok e
Hence, refcren(e t)(lZl Okl% Qtdines is meant to encompass classic
cytokines. The non-c! k@t:y‘e‘:{nenhat are useful as ligand moieties for targeting
conjugates to receptor on cai?é)gxample cells that also bear chemokine receptors,
al monocyte activating polypeptide IT (EMAP-II),

colony stimulating fact ¢yte-macrophage-CSF (GM-CSF), granulocyte-
CSF (G-CSF), macropwdls (IVCSF), interleukin 1 (IL-1), TL-1a, IL-1b, interleukin
2 (IL-2), interleukin-3 Eymerp%@@a,imtlmimdn 5 (IL-5), interleukin 6 (IL-
6), interleukin 7 (IL- 7)nnterleukmLJi[Jﬂ%) 611&1.]10 (IL-10), interleukin 12 (1L~
12}, interleukin-13 (IL; nter) 5( 15) interleukin 18 (IL-18), interferon
alpha (IFNa), interferom (Imﬁ on gamma (IFNy), interferon omega

MY-41. Moet OP

hogeol Cgnnmat

oUWV 2-

PIT.* CO'

NCD B

include, but are not limj
F)l
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OCR5; C.C. R)

CCR7; CLRI

M P-3
(IFNw), interferon tau % e @1 ﬁm ng factor I (IGIF), Flt-3 ligand,
erythropoeietin (EPO), oy ‘0sis factor ( prohferahon~1nducmg ligand
{APRIL), CD40 llgamJ CB£1 5 Ma.nd, 4-1BB ligand, LIGHT,
HVEM, TWEAK, Glilﬁlf, T@tre@ﬂapo&)ls-mducing ligand (TRAIL), TNF-related
activation-induced cyt C@ W apoptosis ligand-related leukocyte-
expressed ligand 1 (T, If 1' vihlylggui fa@lﬁs é cytokine receptors on cells

involved in an inflarnm tory TESPO] 556 6 6 recondary tissue damage-promoting

ni pni
Exemplary of @&]r&%k for m'ﬁt)ug by any non-chemokine cytokine
provided herein includ%Mnoc limittopoletin family receptors (e.g.,
receptors for IL-2 thro 7 ay?/l fﬁ?) interferon family receptors (e.g., receptors
for IFNc, IFNB and csor family receptors (e.g., receptors
for TNFa, lymphotomgd meo ligand, 4-1BB ligand, OX-40
ligand and others mclu{ g&toaxﬁg Q&Lﬂ!’&‘ TNF receptor (TNFR) such as, but
not limited to, TNFRI,[INFRRQDER] Fas, EURPITRED30, 4-1BB, 0X40, DR3,

DRS5, and HVEM). n d n
The targeting a ent m 4 %13 d tox n con ate also can be an antibody,

particularly a monoclo n y, or uné gment of thereof, that is specific
for a receptor expressc(of tl:ﬁ: @ﬁéeg aglva @the inflammatory response,
particularly a chemokis Bmtcir, a‘&l ieceptor and other receptors expressed on
cells that express chem 5 i(ecfpt‘ﬁsell isiprﬁ ed that the monoclonal antibody be
or example, CCR-1, CCR-2A, CCR-2B, CCR-3,
CCR-4, CCR-5, CCR—@(@IQ{EB{ ,'C(Q—e, CR-10, CXCR-1, CXCR-2, CXCR-
3A, CXCR3B, CXCR—de, bXCI&, DARC, XCR1, CX3CR-1, and other such

e 3CM 1) ( SoLg|

cells.

specific for a chemokine receptor,

In some instanc; th tlb emﬁc for a non-chemokine cytokine
receptor, such as, for e: ample reoe e or more of cytokines EMAPII, GM-
CSF, G-CSF, M-CSF, 3 IL-¥ IL—6 I1-12,IL-13. Conjugates

I-TAC

(I merferon-i
rghci bl e
Loci' al pha

~rhornrmat i ~act
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containing these antibge 'used for mﬁng to cells that express the targeted
cytokine receptors. Syc mcl 25 involved in secondary tissue damage. The
targeted cells also can' s one chemokine receptors.

Non-limiting e(a%@ ® ﬂnh a@;&s that can be used in the
conjugates include, buraja*;t almﬁ XOF-Y MAP), ED-1, ED-2, ED-3, and
monoclonal antibod.le e foI ens CD3, 14, 15, 19, 22, 34, 35, 54 and
68; 0X4,6,7,19 and 6 6}1 BR96, Fib75, EMB-11, HLA-DR, LN-1, and Ricinus
communis agglutmm—l‘%ﬁ

Antibody fragnEa.&‘nh: prepared by proteolytic hydrolysis of the antibody or
by expression in E. co@h])@feﬂexkﬂie ffefent. Antibody fragments can be

obtained by pepsin or )iapéxéi%sr‘jrtottﬂole alhbag by conventional methods.

For example, antibody fragmegts can be produced by enzymatic cleavage of antibodies
with pepsin to provide QSS agme§ ienoteI;]F bﬁZ This fragment can be further
cleaved using a thiol r u@“ ){)Imﬁly a blocking group for the sulfhydryl
groups resulting from @@e@ciisiﬁde l@kbg%, yp;oduoe 3.58 Fab' monovalent

fragments. Alternativels, hn $n: i ¢ upin| sin produces two monovalent
B tbreserghe tive

Fab' fragments and an Ec ment gugctpsee, e.g., U.S. Patent Nos. 4,036,945 and
4,331,647, and references contajnedq‘:'rzg which reference also are hereby incorporated
in their entireies by rofGe b AKeb ) ©x (1959) Biochern. J., 73: 119-126).
Other methods of cleav[h@@)@i@ ttu@aﬁ sep*atexu‘heavy chains to form
monovalent light-heavyk 3 further cleavage of fragments, or other
enzymatic, chemical, or :@té é lrmgfu Eo-caxtbi uSéi as long as the fragments
bind to the antigen that 15 recognized by the intact antibody.

Fv fragments c0§am Q Qﬁanon of VH and VL, chains. This association can
be noncovalent, as desc@Ad elh‘bJr eap1972) Proc. Nat'l Acad. Sei. U.S.A. 69:2659-
62. Alternatively, the vexﬁlnlsuls Kdle Fnazbl jatermotecular disulfide bond
or cross-linked by che c s gl aral yde Typwally, the Fv fragments contain
VH and VL chains co:lC:te
proteins (sFv) are prepar stﬁctm ueleic acid molecule encoding the VH and

For exanpl e,
di stinct
recept or
subt ypes

cecnart f1~o fFAr

y peptld r. These single-chain antigen binding
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VL domains ¢ resulting construct is inserted into an

expression vector, whi egnto a host gell, such as . coli. The recombinant
host cells synthesize ajnig d! chtain with a linker peptide bridging the two V
domains. Methods fohtbllrculg s‘Fv¥w dYSr]E)ed, for example, by Whitlow and
Filpula (1991) Metha@ﬁ-l%; Bird et al. (1988) Science 242:423-426; Pack et al.
(1993) Bio/T echnologr lhlél Nr aﬁiﬁaﬁtf eﬁlr [é patent No. 4,946,778).

Another form of n antl o t is a tide coding for a single
complementarity-detes gllé gl T]l (!‘D eptides ("minimal recognition
units") can be obwmerﬁ)ﬁ s qtmg genes encoding the CDR of an antibody of
interest. Such genes aMreEF(¥ @'é](pm&tu@qthe polymerase chain reaction to
synthesize the variable& i hfﬂrrRFAfof an@mdy—pmducing cells (see, e.g., Larrick et
al. (1991) Methods, 2: 1()6 lf) and Orlandi et al. (1989) Proc. Natl. Acad. Sci. US.A.
86:3833-3837).

Antibodies tha2i$ 12}5@1&«3@@&& mchemokine cytokine receptor
on a secondary tissue @@lﬁ-p@r@tlﬁg cell can be prepared using an intact polypeptide
or biologically ﬁmctioTlZag:thIoza.ini% ?Wides of interest as the
immunizing antigen. polypeptide or a peptide used to immunize an animal (derived,
for example, from trar;ged ¢DNA ot chemical synthesis) can be conjugated to a carrier
protein, if desired. CotmronQ L&E Im‘@sltirt ate Jheylcally coupled to the peptide
include, but are not linfleky, Yy OIf llﬁphl@r@ﬁx@ (KLH), thyroglobulin, bovine

serum albumin (BSA), azﬁﬁnus toxoid. The coupled peptide is then used to immunize

the animal (e.g., a mou li.i F ?, 61:’[
The pre‘paraﬁol mcnoclona oches 1§ wcllrknown in the art (see e.g.,

Kohler ef al. (1975) Nt m@ﬁ%@ Chhd Harlow et al., in: Antibodies: a Laboratory
Manual, (Cold Spring éa‘%&’xl/ 1488'. ﬂfp)t nlor@lonal antibodies can be
obtained by injecting r&t wéldconf&omlg erdining an antigen, verifying the
presence of antibody p@ samplc, removing the spleen to
obtain B lymphocytes, i y@ ocyt m!/e]oma cells to produce
hybridomas, cloning th lﬁh’ Ql%gagng &ones that produce antibodies to

y assoul ut od

macr ophagc;

EVEN pul yi

nor nycl uar

notit r nnhi |
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the antigen, and isolatj ﬂiedntibcdics from the hybridoma cultures, Monoclonal
antibodies can be isolateq and purifipd from hybridoma gultures by a variety of well-
established techniques: __QHPJ;LG[MQS in(g e affinity chromatography with
Protein-A Sepharose, jizafchlsi(amm&a@yr aly ion-exchange chromatography
and are well known toaqsp@f skill in the art (see e.g., Pharmacia Monoclonal Antibody

Purification Handbooliﬁeé,ﬁzit. #H*ll'ﬂéﬁ}iu n a

Antibodies alslcan be derived from subhuman primate antibodies. Such method

for raising therapeutically Uiseful antibodies in baboons are known to those of skill in the
art (see, e.g., Goldenbd 1@ d 11981 @iknS intchnalbnat PCT application No. WO

91/11465 and Losma.ntet h @QOML .I’ (i'ar@“6:3 10-314). Therapeutically useful

antibodies can be den"cdéo.m g"}fumanized" monoclonal antibody. Such methods and
antibodies are known. ~Eor le. fnumanized monoclonal antibodies are produced by
transferring mouse compl ementariec[;teg'an lelons from heavy and light variable
chains of the mouse indm hnoglobulin ZQQé;

human residues in the %eﬁo@lkg@ﬂw murine counterparts. The use of

antibody components %g}om thaﬂizzl Em?)@mal antibodies obviates potential

problems associated w§fhe immynogenicity ofymurine constant regions. General
ottt and

'variable domain, and then substituting

techniques for cloning mutine imn}unoglgulm variable domains are described, for
example, by Orlandi eﬁl{hbsl) ho2Mas1 Acad. Sci. USA 86:3833-7, which is hereby
incorporated in its enti etyZDQ@A() 1echniques for producing humanized

monoclonal antibodieslireﬁl;veﬂ 8.r exﬁ)le@t]unes et al. (1986) Nature 321:522-

5; Riechmann et al. (1 lature ?9#; ign;yen et al. (1988) Science 239:1534-
6; Carter et al. (1992) Proc. Nat'l Acad. Sgi. UL :4285-9; Sandhu (1992) Crit. Rev.
Biotech. 12:437-62; anm «ll. (19(3)2 QQ'SI 150:2844-67).

Anti-diotype t@()tgﬂ:ln Q&Em produce monoclonal antibodies which
mimic an epitope. Fox@mmMmh-idiotypic monoclonal antibody made to a first

monoclonal antibody vﬁléaﬁt bbjiﬂg doR' gﬂle hypervariable region which is the
"image" of the epitope bound by the first monoclonal antibody.

d, &ﬁr targe'é'ngageﬁts algr;ceptor targets
Mant ovanni

coal .,
Tr ends
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Conjugates prqvi )ejwftam any targeting agent that targets the
conjugate to a cell s receptor. In agdition t eting agents mentioned above
including chemokin::mokin s, dnd anaodig, cﬁeﬁng agents also include, for
example, but are not lﬁi%,%owth f@tfrs,]ugwnes, and other ligands or allelic

variants, muteins, or f@gfhe@pBercof, so long as the targeting agent is infernalized by a

cell surface receptor ttUH:kirtbivésVSﬁ]rtargeﬁng agents can be used to generate a

. . J . .
ligand-toxin conjugate, usﬁg the methods prpvided herein. Further, such targeting agents
thomt at ee

PCT/CA2007/002278

can be used to construct a llgmmin conjugale confaining a targeting agent linked
directly or indirectly tJ nﬁﬁiea i t&[ vgriants, including the modified SA1
variants provided herel&ln | uowe 1 o 3

Exemplary tar g §T1t.§1ﬁaile, clt are not limited to, transforming growth
factor beta (TGF-), Lgishmania elongation initiating factor (LEIF), platelet derived
growth factor (PDGF) , epidermal growth factor (EGF), amphiregulin, neuregulin-1,
neuregulin-2, neuregul[a—ll og:arléﬂuﬁ,a@(tmt f@(;s including vascular endotheliat
growth factor (VEGF)(frol la@%m%ﬁ@ﬂ]{gﬂ), Bpatocyte growth factor (HGF),

nerve growth factor (I\iG pla(F_nﬂ ﬁ(ttt fa]ctﬁﬁGF), brain derived neurotrophic

factor (BDNF), betacel )y mgj'ne, inkibig, endothelial growth factor, insulin,
insulin-like growth factor ) neurofrophin-; ~2), neurotrophin-3 (NT-3),
neurotrophin-4 (NT-4)} troph! -5); 1]1- cell line-derived neurotrophic factor

(GDNF), ciliary neuro4phi4ala40N@Ge_i&ﬁophin, stem cell factor (SCF),
oncostatin M, sensory wmf neur&-ﬂfllelfﬂ_tor (SMDF), leukemia inhibitory

factor (LIF), Miillerian-inhibiting substance (MIS), cardiotrophin-1, thrombopoietin,

angiopoietin, activin, bone morphogenic protein (BMP), APM1, growth hormone (GH),
leptin, and prolactin or allelic variants, muteins, or fragments thereof. Also included as a
targeting agent are pathogen recognition receptors (PRRs) that participate in the
phagocytosis or endocytosis of pathogens. For example, other exemplary targeted agents
include molecules that target to the mannose receptor (MR}, Dectin-1, and receptors for
collectins or collectin-like proteins including, but not limited to, receptors for surfactant

protein A (SP-A), surfactant protein D, mannose binding lectin (MBL), or complement
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protein 1q (Clq). Pref@d tﬁﬁu@:ﬁsﬁki pwges that when bound to

receptors are mtemath into the T
The ligand-tox n fugates gener: ?<ugl;1g such targeting agents can be used to
treat any disease or dlm a\tmy ullﬁzjr c&@l&at involved in its pathology.

Preferred among such @A{s}r cksordei's areai hing a pathological cellular

component, which cel]@)(@fxfmt e)%ozt or more cell surface receptors that
can be targeted. Other¢$ea gxso ontemplated particularly
o K

angiogenic diseases in E but not limifed o Cancer, and retinopathies such as ocular

or diabetic retinopathi aaua t 1 cells involved in

angiogenesis. C\/(B CXCLI O
CXCLI |

Growth factors

Growth factors that bind to endocytic cell surface receptors on cell types involved
in inflammation and/or secondary tissue damage, also can be used as targeting agents for
the conjugate provided herein and can be used in the methods provided herein. Such
growth factors also can be used as targeting agents to target cells involved in angiogenic
diseases, including cancers and other diseases such as eye diseases or various chronic
inflammatory states, via targeting a ligand-toxin conjugate to endothelial cells. Growth
factors such as, for example vascular endothelial growth factor (VEGF), or any modified
version thereof including those having amino acid substitutions, deletions, insertions or
additions, can be used to target toxin moieties to specific cell types, so long as they retain
the ability to bind to receptors and be internalized (see, e.g., U.S. Patent Application Nos.
2004/0166565 and US20010031485). Hence, such growth factors can be used to
construct a ligand-toxin conjugate containing a growth factor linked directly or indirectly
to modified toxins or toxin variants, including the modified Shiga toxin A1 variants
provided herein. Targeted cell types can include, for example, endothelial celis involved
in angiogenesis, which is a process of growing new blood vessels often associated with

tumor growth and chronic inflammatory states.
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Angiogenesis i 13 rlgttl ontrollmm of growing new blood vessels (see

e.g., Folkman & Shing Chem., 26 1-4; Hanahan (1997) Science,
277:48-50, for rewew:ii%’ iﬂrﬁ i cﬂcmns;mgiogenesis occurs only during
embryonic dcvelopmetlt, Fll)umrﬂﬂg @a dAIopment of the corpus luteum.
Angiogenesis ocours g a'te nulm of pdthdlo@eguch as solid tamor and mctastasis

growth, various eye d1 , chronic inflammatory states, and ischemic injuries (see,
Folkman (1995) Nat. 1:27-31, fgrgeview). Thus, growing endothelial cells present
unique targets for trea]S t&%r pathologies.

VEGF proteins' 1y of secreted dimeric glycoproteins that are positive

regulators of angiogenelis_ (eA,_C@slx@L@eEo_n-@a@, Trends Pharmacol Sci., 22:
201-7,2001). Exemplty Vlth-Pﬂﬁtnéxﬁ, ‘but are not limited to, VEGF-A
(UniProt NO:P15692),V] (Unil :P49765), VEGF-C (UniProt NO:P49767),
VEGF-D (UniProt NO@E?S‘; ahd mtal growth factor, VEGF-related
protein; UniProt NO: (£3XY1) de sph(gv,mants, ajlelic variants or species variants
thereof. Exemplary of _VE’GI;-A’ premml)lypepudes are set forth in SEQ ID
NOS:204-210 and inclEie'F 26 'm'tlolacbsliﬁal we corresponding to amino acids
1-26 of SEQ ID NOS:: s 1t of alternative splicing, mature
w 01 eXa

polypeptides of varying engfh Oi:’ thatlire VEGF-A polypeptides can be 206,
189, 183, 165, 148, 14;‘-011 inl . VEGF-B precursor polypeptides

are set forth in SEQ IdNbS@G@MIh hct\dl a @ amino acid signal peptide
corresponding to ammﬂi@it lé!lof PFP w@ﬂl and 212 and mature polypeptides
that are 186 and 167 aci d rresgond to amino acids 22-207 of SEQ
ID NO: 2113nd22-18 dED 31‘]2

VEGF-C is set forth in SEQ ID NO:213 and includes a 31 amino acid signal peptide
corresponding to amino acids 1-31 of SEQ ID NO:213, two propeptide sequences
corresponding to amino acids 32-111 and 228-419 of SEQ ID NO:213, and a mature 116
amino acid polypeptide corresponding to anino acids 112-227 of SEQ ID NO:213. The
precursor polypeptide for VEGF-D is set forth in SEQ ID NO:214 and inctudes a 21
amino acid signal peptide corresponding to amino acids 1-21 of SEQ ID NO:214, two

respectively. The precursor polypeptide for
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propeptide sequences corre;lmndagg 31'110@:@%-88 and 206-354 of SEQ ID

NO:214, and a mature 117 Mnobéld Eolgepﬁ& gorr&iplﬂ&ing to amino acids 89-205

of SEQ ID NO:214. The precurs tidp for } in SEQ ID NO:215.
The action of VEGE dothelial cells is mediated by tyrosine kinase receptors,
VEGFR-1 ({lt-1), VEGFR-! b fik-1) and VEGFR~1-related. These receptors are

preferentially expressed onlgndof %RMSE@FS ok single span
{ransmembrane protein tynré]xglﬁn@q th;lt belong to the immunoglobulin superfamily
and contain seven Ig-like 110pﬁi.\fﬂf e@‘ﬁk‘?\r Vﬁlf 58 share homology with the
receptor for platelet-derived growth factor. VEGF binding to these receptors induces
receptor dimerization follo§i om pl%oglahon of the SH2 and SH3 domains
in the dimer. The KDR/ﬂk.-l—-?ﬁ};L(gpleWh&imeeaVZea via receptor-mediated
endocytosis. Thus, becausF&ApMmilal@@Rflls expressing its receptor or
receptors, any VEGF proteb,fufl 15 aafeslcfi erein, can serve as a targeting agent
in a conjugate confaining I"iﬁl?fd Ri}i
or active fragment thereof.

2. -Linker MomR]

In preparing the co@ A@R@GF%I ﬂ@n’ltoxm, such as for example, a

e '%ch amodified SA1 polypeptide,

- modified SA1 toxin prov1 cﬂy or md:xrecﬂy to a targeting agent,

For example, conjugates pi gm th b 110 g components: (targeting
agent)n, (L) and (targeted%n vl g the targeting agent to
the toxin; the targeting agea ISAY/ Emﬂtl' 116 PR @ qnd\ﬁ internalized by a receptor

expressed on a cefl surfacq; nraud 1, which are selected independently, are at least 1; and
qis 0 or more as long as ﬂ'L W ds to thxgeted receptor, is
internalized and delivers the ta:get mka ¢ of the components in the
conjugate can be by any or attaching two moieties, so

long as the attachment of tﬁe lmﬂrw to the pmteinaceous ligand does not
substantially impede bindiRE Ra-w'f}ceous ligand to the target cell, that is, to a

receptor on the target cell, o1 I\ t WI@ ization or metabolism of
the ligand-toxin so as to loitté itoxwlty of the mox toxin for the target cell.

RECTIEIEN CUEET /R111 E a1\
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The linkage can be any ngé@ mgl-u t e not limited to, ionic and

covalent bonds, and an y stal le a.ssocmte whefeby the targeted agent
{e.g., a modified RIP to g
targeted.

The targeting ag@x@R@&ml%ﬂls’opﬂgﬂlly linked to the modified RIP
toxin, or active fragment thIelf vi@r?or more linkers. The linker moiety is selected
depending upon the prog For ¢ e, the length of the linker moiety can
be chosen to optimize thm lm pel ﬁzém gmdmg, including any
conformational changes induced M binding of the ligand to a target receptor. The linker
moiety should be long eﬁ(\lghlanli ﬂ&@ﬂn@m aIl_o) the proteinaceous ligand
moiety and the target cell rﬁaftor tﬁw interact. If the linker is too short or too stiff,
there can be steric hmdra.n % nacecus ligand moiety and the cell toxin.

€ cell T6:

XI0 can "be’préteclysed in the process of

t which the conjugate is

If the linker moiety is too 10n
production, or can not d@\nr its toxle affel e target gell effectively. Linkers, such
as chemical linkers can t‘g@:l:ﬁ{?punﬁed ligands using numerous protocols known

in the art (see Pierce Ch«iw\ﬁoll,lﬁWsztems: Basic Concepts

and Strategies,” Seminarf#12, RQckf It) | e

a. Exemplary Lin é’s
Any linker knowmml ﬁth mmd herein. Generally a

different set of linkers w@ be psed il4(|njﬁ4cs@mﬂion proteins from linkers in
chemicalty-produced coyff tés:(gm d I s thafare suitable for chemically
linked conjugates includ?kdt aresot limit?&zi ;o ]?i;iﬁ.deinds, thioether bonds,
hindered disulfide bonds, a?'a Cov

and thiol groups. These _bond functional reagents to produce
reactive thiol groups on l)n“ltbua mlppyudes and then reacting the thiol groups
on one polypeptide witht:@iit thiol groups or aminek;rctups to which reactive
maleimido groups or thigl groups can be attached on the other. Other linkers include,

ent bﬁds between free reactive groups, such as amine

acid cleavable linkers, such as bjsmaleimideothoxy p: pane, acid labile-transferrin
conjugates and adipic acu nl‘iigzrde% \Q\Q cleaved in more acidic

that 'table
7 1is

exenpl ary
only, and

1l i1 Aar
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intracellular compartme; lcg]giﬁers that are cleaved upon exposure to UV or visible
light and linkers, such as the ous domains, such ags CH1, CH2, and CH3, from the
constant region of humL &@(Qy&ﬁj eta.n;%) Molecular Immunol. 30:379-
386). Insome embodir{er@,]se\e@jtkd.rs @me,included in order to take advantage of
desired properties of eath Welhetidcal linkers and peptide linkers can be inserted by

covalently coupling the alfcergﬁeéhfméog receptor targeting agent and the modified
RIP toxin, The heterobiﬁmctjinal Tents, described below, can be used to effect such

covalent coupling. Pepgm S lsoeat; balitkld Q&pressing DNA encoding the
linker and targeting ageg bm@rmdw 1@[&;&[& linker, modified RIP toxin
and targeting agent as alfnimi pioteiin.glexiéle@ﬂj and linkers that increase
solubility of the conjugarﬁ ard;ontmlaaifo:iustthéalone or with other linkers

also is contemplated herein. | . I
Linkers can be a%fgnoietgs[mJ to§s§bciate a mdiﬁed RIP toxin and a

targeting agent. Such naml &I.E are not limited to, peptidic linkages; amino

acid and peptide linkagd® mllta@lg between one and about 60 amino acids;
chemical linkers, such Whé\%tionﬁ cleavable cross-linkers. Other linkers
include, but are not lin:E to, c;atides Iand otlxergxoieﬁcs that reduce steric hindrance

between the modified me an targegx]lg- agent, intracellular enzyme substrates,

linkers that increase the ty of the conjugate, linkers that increase the solubility of
the conjugate, linkers ﬂk' @teaa% i;erﬂx-staBlM@conjugate, photocleavable
linkers and acid cleavabR@kera re
1| EI‘ﬁne(tﬁrllgb' unqc.tip]nfl Cross-linking Reagents
Numerous heterobi ional cross-linking reagents that are used to form covalent

bonds between amino gﬁ%s elﬁhio] lgr({l:s or to introduce thiol groups into proteins,
are know to those of SIS 1§ WG, ¢.g. the PIERCE CATALOG,
ImmunoTechnology Ca@@ Sli[arﬂ)@lﬂﬁii-lpﬁ we’ch describes the preparation
of and use of such magﬁmﬁ%ﬁorn%mial source for such reagents; see,
also, e.g., Cumber et al\(1992) Bioconjugate, Cheny) 3:397-401; Thorpe et al. (1987)
Cancer Res. 47:5924-5@1,%}(9:]3‘@: gdS?tPlocs\/azl. Acad Sci. 84:308-312;

and ~

i nfl ammat ory

skin

di seases. In

nmoect A~racence
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‘Walden et al. (1986) J. ggl lrlfrtnuno 2 1- lg Carlsson et al. (1978) Biochem. J.
173: 723-737; Mahan ef al~{1987) Anal. Biochem. 162:163-170; Wawryznaczak ef al.
(1992) Br.J. Cancer 6&59 Pgtgig‘ll §992) Infection & Immun. 60:584-589;
reagents for crosslmkmgaﬁlalﬁxhd Cbilcﬁ Company, Rockford, IL; Sigma
Chemical Company, St.@o@@@.‘ NH‘}S‘B i’rxp’fgnc., Eugene, OR). Functional

groups that can be used ér ﬁlinking include primary amines, sulfhydryls, carbonyls,
carbohydrates and carboxylic fGlFS Exeny QUDS f r use in heterobifunctional
cross-linking reagents nﬁ;dc but ag Kotéjﬁ fl agl azides, maleimides,
carbodiimides, N—hydro[yﬁ:&&@ &Iﬁ{esters, hydrazides, PFP-esters,
hydroxymethyl phosphi@p@'gbi:s,fm*io@eirs,aesdisulﬂdes, isocyanates, and
viny! sulfones. HeterchttonH cmﬁl[nkhgéigmts can be used to form covalent

bonds between the targeth1 g‘uch for exa.téple a chemokine, and a modified

cross-TinKer contains two reactive groups:

RIP toxin. An exempl
one reacting with pnm:Z &@goup% 2., g»hydroxy succinimide) and the other
reacting with a thiol ngEa.b I)yl@yl d@)ide, maleimides, halogens, etc.). Through
the primary amine react'veﬁ'eq tlﬂcd%lﬂcer can react with the lysine residue(s) of
one polypeptide and thr ¢ thiol reactive the cross-linker, already tied up to
the first protein, reacts w1 cystgxe resmllf‘(:;:ee sulthydryl group) of the other
polypeptide. Exemplargn t m&il Qsamkmg reagents include, but are not
timited to: N-suceinimidy!}3-@ B i@ Goyp@Pn @ (SPDP; disulfide linker);
sulfosuccinimidyl 6-[3- awyyldlg(ét)pwnamxdo]hcxanoate {sulfo-LC-SPDP);
sucmmmldyloxycarbo zyl thiggulfate (SMBT, hindered disulfate linker);
succinimidyl 6-[3-(2-] pynd thio) propionamide]bexanoate (LC-SPDP);

ulfe inimidy] 4- (N- | thylicyclot -1-carboxylate (sulfo-SMCC);
succinimidyl 3-(2~pynm@hﬁ@te (SPDB; hindered disulfide bond linker);
sulfosuccinimidyl 2- (7-Pmﬂ-chtpyldllmﬂg—acetamlde) ethyl-1,3"dithiopropionate
{SAED}); sulfo—succmmg d -4 eth c«lu in-3-acetate (SAMCA);
sulfosuccinimidyl 6-[alph 1-alpha-(2-pyridyldithio)toluamido]hexanoate (sulfo-
LC-SMPT); 1,4-d1—[3' 1w§/hﬂo)p@&gﬁldo]bmme (DPDPB); 4-succinimidyl-

bet a
chenokni t s,
and ot her
simlar

ciih. Ar AlIne
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(LEP),

oxycarbonyl--methyl--(2=pyrid lthm\mhwm (S hj j;red disulfate linker); 4-

succinimidyl-oxycarbonyl-a-(2-pyric yldldIo joluene; sulfosuccinimidyl6[-methyl--(2-

pyridyldithio)toluamido ,:)aQ( C]S 'F); m-maleimidobenzoyl-N-

hydroxysuccinimide ests(ms)thaleimidobenz0yl~N~hydroxysulfosuccinimide
ester (sulfo-MBS); N-supialpdtl({-i@ﬁtylaqube ate (SIAB; thioether linker);
sulfosuccinimidyl(4-iod enzoate (sulfo-S: ; succinimidyl4(p-
malelmldcphenyl)butyrate MPB sulfosuccinimidyl4-(p-maleimidophenyl)butyrate
(sulfo-SMPB); amdoben 0 { 3 (2-pyridyldithio)-propionyl hydrazide;
Ellman’s reagent; dmhl@t&&@a@d Sathﬁddyl) L-cysteine. Further exemplary
bifunctional linking con@ﬁn@*e @floﬁi; for ealgle, in U.8. Patent Nos.
5,349,066. 5,618,528, 4§f€t9 4,95 h 777,
i Acid Cleavable, Photoclea¥able and Heat Sensitive

Linkers L as a

Acid cleavable lm] p]Qt«GlJa‘/llblafd heat sensitive linkers also can be used,
particularly where it is Wssaryg hsae thOtf)diﬁed RIP toxin to permit it to be more
readily accessible to reaab @eﬂdea\@%\@ e known in the art (see, for
exarmple, Jung et al. (1 Biochem. Biophys. Acfa 761: 152 162; Joshi e al. (1990) J.
Biol. Chem. 265: 14518&@ g etd' ) J. Immunol. 124: 913 920; Bouizar
et al. (1986) Eur. J. Bmmm rkd &1 14 B ean@l;s) J. Biol. Chem. 261: 205
210; Browning et al. (lmdu*n@]@?re@ 1867). Moreover a broad range of

cleavable, bifunctional txﬂh’eoupascotmiervxily tva'yxble from suppliers such as
Pierce.
el

Acid cleavable lgkfers ing uE ut are not \l;zlu ed to, bismaleimideothoxy
propane; and adipic ac1§ilkll e 1@(& (sce, e.g., Fattom et al. (1992) Infection &
Immun. 60:584-589) anﬁmimﬂgf@dﬂs@nn @fugates that contain a sufficient
portion of transferrin tctpehx@ntri' ireWimmcellular transferrin cycling pathway
(see, e.g., Welhoner et 9 . -Bi A%em 266:4309-4314).

rs

Photocleavable lmkers are linkers4hat are cleaved upon exposure to light (see,

1J92p?gcnjr CQII Zﬁ&ft rd7) thereby releasing the targeted
11110.)-rece

ptor famly.

It is

under st ood

+hat At har

e.g., Goldmacher et al.
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ustial ty
signal via
agent upon exposure to txgh éhotorleAWlixnge cleaved upon exposure to

tight are well known (see, e.g., Hazum ef al. (1981) in Pept., Proc. Eur. Pept. Symp.,
16th, Brunfeldt, K (Ed I, pﬂt}i:@lg, \Qligideiﬁusr:hgse of a nitrobenzyl group as a
photocleavable prolecti&-: groﬁ l’org'@ialeen et al. (1989) Makromol. Chem 190:69-
82, which describes wa@ aitblhmyv’able cbﬁ{ljlﬁers, including hydroxypropyl-
methacrylamide copolyra1, gﬁc@c coél}lmﬁ;fluorescein copolymer and methyl-
rhodamine copolymer; Goldmacher ef g/. (19? Biogconj. Chem. 3:104-107, which
describes a cross-linker Znd enl @l undergo% H&!ﬁo&ic degradation upon exposure
to near UV light (350 - binlt sk & a1, (1985) Photochem. Photobiol 42:231-237,

which describes nitrobe@}ilo@&ﬁﬂziﬂomig:ross linking reagents that produce

photecleavable linkagese a‘g lekasdm have particular use in treating

dermatological or ophth§iic ikio at 8:% oged to light using fiber optics.
STGHT TeiE]

After administration of gate, the eye or skin or other body part can be exposed
to light, resulting in rele%eaof th!)nglﬁﬁ{l}’ Qx n from the conjugate. Such
photocleavable linkers ate I@ael in connection with diagnostic protocols in which it is

desirable to remove the exyttxga;ktito ﬂre'gapid clearance from the body of the
i)
animal.
sugh as th

il Other Linkers for ergcﬂl Conjugation
Other linkers, inlluu E‘l IEJk mQMI&&lﬂ}[}l&wxﬁzed trityl groups to
generate a genus of conj;lgateItbh ﬁtide fcka'i:lemad"merapeutic agents at various
degrees of acidity or alktlir@y. "{hﬁ*‘q@kgi@hus afforded by the ability to pre-select
the pH range at which e ! exltj)fll g released allows selection of a linker
based on the known physiological differences between tissues in need of delivery of 2
b U. Q dltentﬁ\!

005,61§,4myF0r example, the acidity of

tumor tissues appears to® luwc(tthh £t of normal tissues.
wSt rgetintes al |y
‘The linker moietjef PPy ptide linkers can be employed in fusion
G
proteins and also in chemically linked gonjugates. The peptide typically has from about 2
to about 60 amino acid resi Q, ch ﬁ Qog about 5 to about 40, or from about 10

receptors
(descri bed
above) and
no chemaki ne

li anand hi nAe

therapeutic agent (see, e.g.,
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to about 30 amino acid raif.les. E‘uéeflqh sgected will depend upon factors, such as
the use for which the linker is mcludE

The protemacemls lndM 91 ytgsgmﬁcjityg a receptor(s) on one or more of

the target cell(s) and is tIkehJ@oy the target cell(s). In order to facilitate passage of the

ligand-toxin conjugate u|to meﬁahemltseptlﬂyened that the size of the

ligand-toxin conjugate br né2§ betaken up by the target cell of interest,

WO 2008/080218

Generally, the size of the ligand-{s xm conj! lj ate Will deipend upon its composition. In the
case where the ligand toXin conju; ate con‘(am a Cliemicaldinker and a chemical toxin
(i.e., rather than proteinaaousgn‘-’i m&ﬂe 1@1@-toxin is generally smaller than
when the ligand-toxin c@j@@i@pior@xﬁtein. Peptidic linkers can conveniently be

encoded by nucleic acid &WoMatﬂEfusmn proteins upon expressed in a host cell,
such as E. coli.

Peptide linkers are a aj:&tggxstwgn the tag'gert]ngagem is proteinaceous. For
example, the linker mom@ ee Eexible spacer amino acid sequence, such as those

known in single-chain aﬁl@ﬁ‘@pt B s of such known linker moieties
include, but are not hml@X @§§)@d0 18}»-‘GGGGS)n {SEQ.ID

NO:193), GKSSGSGS gﬁ éo SGSGKSSEGKG (SEQ. ID
NO:195), GSTSGSGKS SGS 196), GSTSGSGKSSEGKG (SEQ
1D NO:197), GSTSGS Ggﬂ&%EQ ID NO:198), EGKSSGSGSESKEF

(SEQ ID NO:199), sSes@IR@NIDNE o) @s5C (SEQ ID NO:201). A Diphtheria
toxin trypsin sensitive lifk@ei@ &Femcs .
AMGRSGGGCAGNR LSCGGLNLQAM (SEQ ID NO:202) also is useful.
Alternatively, the peptide Jinker moiety cag be VM or AM (SEQ ID NO:34), or
t fg{dz 1045)xAM wherein X is an integer

have the structure described b ula:

from 1 to 11 (SEQ ID Nauaiatddititnlﬂlﬁdng moieties are described, for example,
in Huston et al.(1988) Pl‘mﬂlg@dl S@ Wal85:5879-5883; ‘Whitlow, M., ef al.
(1993) Protein Engmeergﬁ%? 9 6&62 et ab(g%) Biochemistry 35:545-553;

A.J. Cumber ef al. (1992) chon] Chfl 7- 40f Ladurner et al. (1997) J. Mol. Biol.
273:330-337; and U.S

a chenoklne
receptor,
for exanple,
OCR- |

D 9ON
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VI | donmai ns
connect ed by

ar t 123
ol i mmuni eut i
Other linkers mcadé but ar ited to: enzyme substrates, such as cathepsin

B substrate, cathepsin D substrate, sm.substrate, thrombin substrate, subtilisin
substrate, Factor Xa subg:rﬁ,%lu:ip ktnag gostmte, linkers that increase solubility,
fexibility, and/or intrach@AS A TG e tinieret such as (glymserisand
(sesmgly)n, in which m if 1 |0 &G egqtaly @}, and typically 2 to 4, and n is 1 to 30, or
1 to 10, and typically 1 T) Wte Og Igﬁational PCT application No. WO 96/06641,

which provides exemplag linkers for use in conjugates). In some embodiments, several

linkers can be included APII ta%%&laggonesued properties of each linker.
3. Exemplaw&ﬁ(tcyg Fopulm M(Elh(ll" (LLPM) Conjugates

Exemplary liganii—tgin conjugates include LPM conjugates, which contain a

chemokine linked directiy ﬁltdlrecﬂj’d tfbgtnﬂn Al (SA1) variant, such as, for

example, any of the SA1 variaEns described herein. T)fica.lly, such conjugates contain

the mature portion of the chemokihe polypeptide 0 a portion of the pelypeptide that can
bind to the receptor. Opcogl ly, lavhg:re 1m$1!pl rect, the nucleic acid molecule that
encodes the conjugate c@f)(npng; _seque@@*:octmg a linker polypeptide between the
chemokine targeting agqf h]@eptide and the SAT variant targeted moiety, such as for
example, an Ala-Met linker (SE 34 techmca , the Met is the Shiga toxin start
codon for bacterial expre: ssmnp I SOme examp% additional nucleic acid molecules can
be added to the nucleic ’LQ]S Incod@tﬁ lngnd%xm conjugate or can be linked to
the ligand-toxin conjugdl§ y b h@sﬂ:hé @ a ci@mical linker, to facilitate

purification, exprcssmnshtmﬁ,g' Fetehon For example, restriction enzyme sites can
be engineered at one or f mag axﬁ\' é‘h nucleic acid molecule to
facilitate cloning. In ont TES 1011 site at positions 1-6 and a
BamHI restriction site ai ﬂh@nL 9E} 97y\derJeaneexa in the nucleic acid molecule
as set forth in SEQ ID I\bﬂjnk er

Among the LPM atELgstes Pr(ﬂ@ herein is a conjugate of a mature MCP-1

chemokine polypeptide dna; I)r lﬁiagi tlyf hvélant 1 Shiga toxin Al (SA1)

subunit as the targeted agent. For egaiple, astescribed in the Examples provided, the
f‘ e CP-1 polypeptide (set forth in SEQ ID NO:69)

domai ns.
Met hods for
pr oduci ng

stas are
Aocrri hoad

LPMI1a conjugate contal
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15hunman
residues in
t he 124

f r amewor k

linked to residues 23- 26 oé}jgr it pol§1ptide containing the ribosome
inactivating (RIP) domam ed to herein as SAl variant 1; corresponding to the
sequence of amino ac1dl j} in E@'E) JJJiZe The MCP-1 polypeptide and the
SA1 polypeptide arc 1A v@ 4 J0 46 (SEQ I NO:34) to produce
a ligand:linker:toxin fusion poTtht@e. 1}3 SEEplarOffcleic acid that encodes the
LPM1a polypeptide is set, fpatly irf S :37. The encoded LPM1a polypeptide is
set forth in SEQ ID No%ﬁﬂt ri ?3863;

Also among the gg!mggeuﬁﬂe h§em is a conjugate of a mature MCP-
1 chemokine polypeptl(ﬂjﬁrxd dlre\llﬁ)dldlrfctﬂ' 1&:Kiiant 2 Shiga toxin Al (SA1)

subunit as the targeted ahru n&ﬁ:@nt)lq ag}@ded in the Examples provided, the
LPM1ib conjugate con 1 eptife (set forth in SEQ ID NO:69)
At S el Uit

linked to a truncated Sh1 a to in Al subunit,pol tide (referred to herein as SA1
variant 2, cozrespondmg o € seunc Odtlﬂ.\:é ds set forth in SEQ ID NO:24). The
MCP-1 polypeptide a.ndQ Mallt ﬁkl%epnde are linked indirectly via an Ala-
Met linker (SEQ ID NOpf@‘tp@ﬁ:ta l[gaa*mker:toxm fusion polypeptide. An
exemplary nucleic acid re bslth%w polypeptide is set forth in SEQ ID
NO:39, where nucleotides 7-966 encode the 1j and tgxin conjugate polypeptide, and
nucleotides 964-966 encgde an engmeeredQOp codon. The encoded LPM1b polypeptide
set forth in SEQ ID NO:VMIS IZJelmnt aei sn length and contains a 5’ start
methionine residue (at alnmnl@rg)lﬂ)]lmd@ﬂ a mature MCP-1 (amino acids
2-77), an Ala-Met lmkst(aymo ﬁfs 78- 'ﬁ)arld e]n EH]eanant 2 subunit (amino acids
80-320).
Another excmplarngﬂ prov10adl;x]erem is a conjugate of a mature MCP-1
chemokine polypeptide rm@(glecg Q 1§hrectly to a mutant variant 1 (also called
variant 3) Shiga toxin A@ﬂ @aﬁna:l the targeted agent, which is a modified SA1
polypeptide identified "t“’@(‘fh‘ﬂ’l‘e (lﬂle‘g For example, LPMlc conjugate
contains a mature MCPf pd)ipepn?(f N0:69) linked to a mutant
Shiga toxin Al subunit polypeptide (referred to erem SAI variant 3, corresponding to
the sequence of amino Mr rtnxﬁEQ 1D NO:26). The MCP-1 polypeptide and

nunmogl obul

n vari abl e
domai ns ne
descri bed,

fAr oavarl o
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the SA1 polypeptide vaxg[ iykpd imgirectly via an Ala-Met linker (SEQ ID NO:34)
to produce a ligand:fink

<toxin fusion olifpepﬁde. The SAl variant 3hasaL to R
mutation at position 38 Q r%!tct iAe Q i —ty!;! SA1 polypeptide set forth in
SEQ ID NO:22. As despribe&thﬁ{anrﬂles, O’@lL vlas generated in a screen for
modified forms of the Sﬁla;@@ (0‘!3 LPM]a conjugate (SEQ ID NO:38). An
exemplary nucleic acid fha e LPM1¢ polypeptide is set forth in SEQ ID
NO:41. The encoded L] M%f?zh Jde is set forth in SEQ ID NO:42.

Another exempla%%@jéld@etil isl;]conjugate of a mature MCP-1
chemokine polypeptide lmiyecﬂy S %BS;QE nytant variant 2 (also called
variant 4) Shiga toxin Aa(ﬂ\d subﬂfﬂt tt@)figeted agent, which is a modified SAL
polypeptide identified m}esﬂrrtl(exﬁﬂ_mﬁl@?nl Fvexample, LPMI1d conjugate

contains a mature MCP- %fmo ine polypeptide (set forth in SEQ ID NO:69) linked to 2
mutant Shiga toxin Al s%:unit polype] gde (xgerrlred to herein as SA1 variant 4,
corresponding to the se eﬁejﬁ agids set forth in SEQ ID NO:28). The MCP-1
polypeptide and the SAl p@'bj]k@vmntae finked indirectly via an Ala-Met linker

(SEQ ID NO:34) to proFUﬂﬁq'anEjiflktr:tﬁjr iyion polypeptide. The SA1 variant 4
has a 'V to A mutation afpgigrﬁléj’itb respect To the mature truncated SA1 variant 2
polypeptide set forth in $E! Q4. As described in the Examples, LPM1d was
generated in a screen fovaﬂJnts s SA1 portion of the LPM1b conjugate (SEQ ID
NO:40). An exemplaryl\&ld.c lcié iiz) rnd.maml’ﬂld polypeptide is set forth in
SEQ ID NO:43. The eqoppe@fwdprmpﬁde is set forth in SEQ ID NO:44.

Another cxemp%%rtﬁ%ﬁzéaiéis a conjugate of the chemokine Eotaxin
ed S

linked directly or indire tlma ifi ga toxin Al (SA1) subunit as the targeted
agent. For example, L&Vl mjbgate tontains a mature Fotaxin polypeptide
(corresponding to amin€@E 26b oD £a@R Rtkortn in $EQ D NO:113) Hinked

to an SA1 variant 4 polne.ptil:lc (corresponding to the sequence of amino acids set forth
)

in SEQ ID NO:28) viatn H?Mé Pnlﬁ\'ﬁ%széj tad(i)s?]% Exemplary of a nucleic acid
1des 7-

molecule that encodes LPM2 is set forth in nuc! 60 of SEQ ID NO:45,
inchuding an engineered s paqon at nucleotides 958-960. The encoded LPM2
angi npoi etin
, activin,
hone
r nnphogeni c

Nnr nt ol N
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S is a,

tightly
polypeptide set forth in 0:4645 Bl inppcids in length which contains a 5°
start methionine residueg‘fbmi?nﬁ atljdg)fitii!):gl Fllowed by a mature Eotaxin (amino
acids 2-75), an Ala-Metl erQag:.@ §<§ 76-%, and an SA1 variant 4 subunit (amino
acids 78-318). grow ng new

Another exemplbllLP@ @(dded herein that is a conjugate of the chemokine

Eotaxin linked to a mod{?%%ig @(111 .g (S. )g%n‘éas the targeted agent is

LPM12. The Eotaxin pﬁz&pﬁde used in LPM12 has the same amino acid sequence as

that of the Eotaxin in L. , Bdwever due to differences in the way they were
synthesized (see ExampE Q Ihekmm &uences differ. Exemplary of a nucleic
acid molecule that enco&n]iMn gset forth in nucleotides 7-960 of SEQ ID NO:65,
including an engineere stﬁ ggzguc\]‘joﬁdBiiSSéﬁt). The encoded LPM12
polypeptide set forth in 1D NQ:46 is 31 ingacids in length which contains a 57
start methionine residue {af mﬁnmid’posihzazjbwed by a mature Eotaxin (amino
acids 2-75), an Ala-Met-# acif 1.6-77), and an SA] variant 4 subunit (amino
acids 78-318). Hanahan

Another exemp r}l@gql ed herein is a conjugate of the chemokine SDF-1B
linked directly or indj:e§6c1 a gogl §déhiga toxin Al (SA1) subuait as the targeted
agent. In one example, the modifie 1 subunit is the variant 4 SA1 polypeptide
identified in the selectigxzetZ)és A‘(&_ F5 Qa;nple, the LPM3 conjugate contains a
mature SDF-1 polypeffﬁr@(rorrespondmg to amino acids 22-93 of the sequence set
forth in SEQ ID NO:1 llt) E]vdito em\)nam 4 polypeptide (corresponding to the

sequence of amino acidmfatgrrSEQﬁ§?:2ﬁﬁlrn Ala-Met linker (SEQID

NO:34). Exemplary of a nucleic acid mo. e that encodes LPM3 is set forth in
nucleotides 7-954 of Sl% IIDE\I&APJ Hﬁ&g@g&@m stop codon at nucleotides
052-954. The encodedBPM3 polypeptide set forth in SEQ ID NO:48 is 316 amino acids
in length which contaix&ﬁ’ qrt M v e'gei(arsmino acid position 1) followed
by a mature SDF-15 (aﬁr& %1 s,2273), an Ala:] tg}ker (amino acids 74-75), and an
SALI variant 4 subunit (agiino alaljr.%-?,16).83ﬁ/15
uring

enbryonic

devel opnent,

wound

heal i ng and

Aovial anrnont
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endacyt osi s.
Thus,
because, it

can be
Another exemplrryﬁltM g(rn eI'enin sz ate of the chemokine GRO-a
linked directly or indirey tly toa modl ga toxm Al) subunit as the targeted

agent. In one example, %odlgeg 1 u§mt is the variant 4 SA1 polypeptide
identified in the selecﬁﬁ%@(rs 1@53& m@ﬂe, the LPM4 conjugate contains a
mature GRO-o polypepiidt(osnsqoniﬁné‘em ae:\r 35-107 of the polypeptide set
forth in SEQ ID NO:113) linked to an SA1 variant 4 polypeptide (corresponding to the
sequence of amino acids set forth in SEQ ID NO:28) via an Ala-Met linker (SEQ ID
NO:34). Exemplary of L HQIQGQCQ!IMQLHS §al encodes LPM4 is set forth in
nucleotides 7-957 of S]ﬁ.myOAMIE\GE an engineered stop codon at nucleotides
955-957. The encoded p’]ﬁ@cty@pdﬁ} forth in SEQ ID NO:50 is 317 amino acids
in length which comainga [Sj tahnsﬂg ine regﬁ amino acid position 1) followed
by a mature GRO-0. (amigo acids 2-74), an Ala-| Het littker (amino acids 75~76), and an
SA1 variant 4 subunit ( @ §(:1Gs 7-31 a'b

Another exemp]h}&ﬂ’M&Jw&hnﬂﬁﬁﬂuugate of the chemokine MIP-1p
linked directly or indireLGo\f ediﬂa s:igaaxin Al (SA1) subunit as the targeted
agent. In one example,thealfd jtis the variant 4 SA1 polypeptide
identified in the selection methos em F
mature MIP-1B polypepadgcorr pondmg 1 ainin® acids 24-92 of the polypeptide set
forth in SEQ ID NO:1 16 w}o L:l ga/tnﬂ 4 polypeptide (corresponding to the
sequence of amino acndt scjt f@knptma | o] mZn‘g an Ala-Met linker (SEQ ID
NO:34). Exemplary of ach W 'fe(fieilceéuucleotides 7-945, including an
engineered stop codon eotides 943-945, of the nucleic acid sequence set forth in
SEQ ID NO:51. The elgzgi LPMS5 polypeptide set forth in SEQ ID NO:52 is 313
amino acids in length vchJonMrpae Q&L r‘]etd)ﬁw residue (at amino acid position
1) followed by a matur%-@hmin&cids 2-70), an Ala-Met linker (amino acids 71-

72), and an SA1 vaﬁanm? (fniixo 161 73<SSA1
Another exemp! ﬁ My dE eﬁm is d conjugate of the chemoline IL-8
toa 0

linked directly or indir: 5 hlga toxm gl (SA1) subunit as the targeted

o] SAlaGrtt 1 OV iant 4 5A1 polypepide
f ragnent

t her eof

2. - Li nker

Moi et i es

Il n Nnroanari NnA

K§ple the LPM5 conjugate contains a

agent. In one example,
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i nked

conj u¢at es
dontified in the selection mbtbAGdeib] d@}wnplbllglltl’w conjugate contains a
mature Y18 polypeptide (co&rp(eiingﬂ» e‘fuo acids 21-99 of the polypeptide set forth

in SEQ ID NO:117) linked 1f: afl %li v (concsponding to the sequence
of amino acids set forth in :aiﬂ) NO -] s! linker (SEQ ID NO:34).
Exemplary of a nucleic aci 1e§1 §M6 is set forth in nucleotides 7-

969 of SEQ D NO:53, m(ﬂbl@ R dﬁqered stop codon at nucleotides 967-969. The

encoded LPM6 polypephdétsaﬁrﬂlg @t} ]h@)f&l is 321 amino acids in length

which contains a 5’ start m ue (at amino acid position 1) followed by a
mature IL-8 (amino acids 25 78) an & linker (amino acids 79-80), and an SA1
variant 4 subunit (amino ac!al e re

Another exemplary d’M ﬁoﬁ*dﬁeﬂmd; @xonjugate of the chemokine 1P-10

linked directly or mdu‘ectlyb mg Shiga acﬂ ﬂ (SAT1) subunit as the targeted
agent. In one example, the moy 1{761 éb it is the variant 4 SA1 polypeptide
or example, the LPM7 conjugate contains a

identified in the selection methods hergin. ,
mature IP-10 polypephdel(]hgn to amino acids 22-98 of the polypeptide set
forth in SEQ ID N0:115) k@ T 4@ ©flant fi pls@@de (corresponding to the
sequence of amino acids seff@:&é]%} P WS) via an Ala-Met linker (SEQ ID
NO:34). Exemplary ofa cule that encodes LPM7 is set forth in
nucleotides 7-969 of SEQ g E q}{ﬁ idg an enéé é‘bstop codon at nucleotides
067-969. The encoded LPBolyfep@d 3k Gk SEQ 1D NO:56 is 321 amino acids
in length which contains a8l rt‘dneee!sidue (at amino acid position 1) followed
by a mature IP-10 (amino fs ﬁu §a—Me‘r linker (amirio acids 79-80), and an
SA1 variant 4 subunit (amT s 1 321).

M

provx?d hepIQ ﬂ gr§lgate of the chemokine MCP-3

linked directly or mdlrecﬂa(r a gndlﬁed Shiga toxin Al (SA1) subunit as the targeted

agent. In one example, thpﬁd@@hAlJ @ d\‘he variant 4 SA1 polypeptide
identified in the selection Hgoi‘ls ng For example, the LPMS8 conjugate contains a

570 Zfiff??fﬁ ot mgAéﬁ“‘"f 8 e o
tional
reagents | o
produce 25
reactive
thiul wows

on one or
hont h +t1 + hoe

Another exemplary
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1992- 1993,

sequence of amino adw i SEQ ID NO:28) via an Ala-Met linker (SEQ ID
NO:34). Exemplary of anucleic acid mo]ﬁule that encodes LPMB8 is set forth in

nucleotides 7-966 of S %§(§5r 1]1(:1

964-966. The encodedtPhﬁolypeptlde set forth in SEQ ID NO:58 is 320 amino acids
in length which contairﬂp’ e:pa&lpoalt reisic@ ﬁt amino acid position 1) followed
by a mature MCP-3 (and-lf acidﬁﬁﬁm Aﬁj’ﬁ‘i‘jmk“ {amino acids 78-79), and an

SAl variant 4 subunit (amino acids 80-32,
Another exemplélﬁ,l’M% Ml ﬁerem is a conjugate of the chemokine MIP-3a
linked directly or 1nd1r£tlﬁﬁgnwgh§1 tos@ FJleAn subunit as the targeted
agent. In one example,per m@xﬁé{ Sd@@m’c igthe variant 4 SA1 pelypeptide
identified in the selecti(t ﬁtiaﬁarlgfn.d"?r ea'ﬂnple the LPM9 conjugate contains a

mature MIP-3¢ polypeptide (correspondmg tp amino acids 27-96 of the polypeptide set
forth in SEQ ID NO: 12§ le‘!l angAevantntonlypepnde (corresponding to the
sequence of amino amdﬁ; SEQ ID NO:28) via an Ala-Met linker (SEQ ID
NO:34). Exemplary of i @la;g:@ﬂ]&:@ fhat encodes LPM9 is set forth in
nucleotides 7-948 of S@ @ é) :59, 1aﬂldlg 6 engineered stop codon at nucleotides
946-948. The encoded LPM9 ypeptldﬁj‘ rrﬁl)n SE ID NO:60 is 314 amino acids
SI gt amino acid position 1) followed

%§1 engineered stop codon at nucleotides

in length which contal'ns a '5’ methionime re:
by a mature MIP-3a (arﬁ'lt acid@ 713, an Ala-Met linker (amino acids 72-73), and an

SALl variant 4 subunit ((mn]gg@ ﬂ-)i 14).

Another exemplﬁL]ﬁla@ egl 'axion‘egate of the chemokine MDC
linked djrectly or indire Shiga foxin Al (SA1) subunit as the targeted
agent. In one example, (;Dmo g‘ ﬁ ‘subunit is the vamant 4 SA1 polypeptide
identified in the selectidn’me dah réin. mple, the LPM10 conjugate contains a
mature MDC polypeptidk h;{adi)opj& to §hi@ acids 25-93 of the polypeptide set

forth in SEQ ID NO: IZa‘nked to ( %918? polypeptide (corresponding to the

sequence of amino aci via an Ala-Met linker (SEQ ID
NO:34). Exemplary of a lem ule s LPMIO is set forth in
nucleotides 7-945 of SEQ I N u ing ed stop codon at amino

: IIordon at
al . (1987)
Proc. Nall

Aced Sci
QA 2NN 219
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nucleotides 943-945. d £PM10 t forth in SEQ ID NO:62 is 313
:Qw urt . SPRBY

amino acids in length contams 25 ‘start mef residue (at amino acid position
1) followed by a mature MDC (amino acids 2-70), an Ala-Met linker {(amino acids 71~

72), and an SAl varian& N&ﬁn@iimilo laciis mld y

Another exemplgfﬂ, Mw‘lﬁmq h@lp 1morﬂgate of the chemokine MIP-1a
linked directly or indi Of 1(SA1) subunit as the targeted
P § df *
agent. In one example, the modif variant 4 SA1 polypeptide

identified in the selecﬁﬁ' e&ds p)e the LPM11 conjugate contains a

mature MIP-1o polypeﬁ&kl:ortesblar@%io mls 24-92 of the polypeptide set
forth in SEQ ID No:12minl@y P vén 4 mptide (corresponding to the

sequence of amino acidiséfﬁﬂrﬁ S Ala-Met linker (SEQ ID
NO:34). Exemplary ofa nucieic acjd molec tenc es LPM11 is set forth in
nucleotides 7-945 of S r)DE(HS ggmeered stop codon at a nucleotides
943-945. The encoded (P&]].;Jkle&@ﬁa ID NO:64 is 313 amino

acids in length which ¢ ns a5’ start methionine residue (at amino acid position 1)
followed by a mature Ngiﬂl (aﬂrbdﬂdcztj% 6§}al-Met linker (amino acids 71-72),

and an SA1 variant 4 s bumt@mno acldjjS -313).
Another exempm %m is a conjugate of the chemokine BCA-1

linked directly or indirekth 1ﬁ;>d Shiga toxin Al (SA1) subunit as the targeted
agent. In one example, gﬂlgnﬁew |§u].>m1'ft 15 ty \iariant 4 SA1 polypeptide
identified in the se]ecmd?ettiohlierﬁ\)For dpe LPM13 conjugate contains a
mature BCA-1 polypeptide {corresponding to amino acids 23-109 of the polypeptide set
forth in SEQ ID NO:123) iifike FS
sequence of amino acldny i }ZQ lD @8) via an Ala-Met linker (SEQ ID
NO:34). Exemplary of] Mcﬂ@;@r‘no@ule that encodes LPM13 is set forth in
nucleotides 7-999 of S]iQ @ (q@ﬁltding an engineered stop codon at nucleotides
l&

ed<o an SA} variant 4 polypeptide (corresponding to the

997-999. The encodsda’i\d t f’e set Frth in SEQ ID NO:67 is 331 amino
acids in length which containg a meﬂnom. ne resméa (at amino acid position 1)
I ni C aci d,

1;

(2-thi oppi dy
| dL- cyst ei ne
. Further
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followed by a mature B! - 8 an Ala-Met linker (amino acids 89-90),

and an SA1 variant 4 é:dl?:o :Ylﬁé n

G. PREPARATI N %{Iﬁ%§l§ﬁb}& S AND CONJUGATES
THEREOF Copol yrrer :

Conjugates of i oietiés linked to targeted agents can be prepared either
by chemical conjugation, recombinant DNA technology, or combinations of recombinant

expression and chennc:ﬁra] gzla)y l1'h[ nLl]Qit hltreacan be used to prepare and use

conjugates of any targem afh@vith any targeted agent, such as a RIP toxin, either

directly or via linkers atdﬁtﬁﬁlier ﬁ% ‘argmg agent and targeted agent can be

linked in any orientatio; ;fgﬁ)ne gétufg agent and/or targeted agent can be
present in a conjugate. The methods herein are ekemplified with particular reference to

conjugates containing a%lgetmggx such as a chemokine, and a targeted agent, such
as a modified Shlga-lo)(n 11909;2))deB| ocon
Further, metho k are prc@ﬂ E\‘fhfor expression and production of

recombinant polypepu? lq sed to express modified toxins, or
toxin variants, provided herein either alone or as a Eon_)ugate fusion protein (e.g., ligand-
RIP toxin conjugate) wi Llegei largetmg agent, such as a chemokine. In examples,

where the targeted ageid ﬁ:&%d‘ﬁeb@ﬁ:ﬂw&d herein, and the targeting agent
are expressed as mdlv1€z*p@t$escnnj}lg:iteﬂ%€fdlﬁed targeted agent with the

targetmg agent can be kglgl s as discussed elsewhere herein.
Method; enerahng and Cloning Toxin Polypeptides, or
Con]ugates Contamng ulypeptldes

Nucleic acids ewcﬁt@@) 6(éxsor a conjugate containing a modified

toxin, including ligand- @;ﬁ q u at S, calt e cloned or isolated using any available
methods known in the for cloning an solating nuclew acid molecules. For example,

conjugates containing ngg Els@ﬂd’@&s 'of Qe{'lenng agent, or ligand, and one or

more targeted agents odd p@:ﬁced by well known techniques of protein synthesis if

the nucleic acid sequexe)( m?ltﬁa@t onttm@ted agent are known, or chemical

synthesis of DNA mol u S encw selected targeting agent or targeted agent.
T equence of the targetmg agent or targeted agent are

Alternatively, if the nu lelc acl

Iarr), and
Sent er et
al . (1985)

Dhnanhi Al + ant
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200: 193),
GKSSGSGSESKS

(SEQ I R
NO'194)

unknown, the sequence ﬁ ¥ own methods, such as, but
not limited to screeumg ucleic geid hybridization screening,
antibody-based screenm g EQemngi St§1 methods of screening also
can be used to obtain m c1d SJB% ala‘(, encode a particular protein when only a
portion of the amino ac@TS@@SSEG

Methods for am used to isolate nucleic acid
molecules encoding a t or E> a ent, including for example,
polymerase chain reactlo c1!1 contammg material can be
used as a starting mater h 1 It rgeted agent-encoding

nucleic acid molecule c%@ateé St%pld I@ and mRNA preparation, cell

extracts, tissue extracts m:mmlg(?g blood, serum, saliva), samples from healthy
and/or diseased subjectica;ljsurg ods. Nucleic acid libraries also
can be used as a source Of startin; C; esigned to amplify the
desired molecule. For @IKQ) ( @E@ed on expressed sequences
from which a toxin or hkz_u@no G x.e}% is generated. Primers can be
designed based on backE@Q@S@fxﬁ%Egﬂm acid sequence. Nucleic
acid molecules gencratﬁﬁﬁphﬁ?tﬁl cat b§g\3ed and confirmed to encode the

molecule.

Some of the genL Q‘t IMI talegl%)en; or targeted agent are
commercially avallableSIclet( asules encoding chemokines or
cell toxins are avallablel l@ldvm i?o@.@ly commercially available genes is that
the sequences have gen ssion in hosts, such as E. coli.
polynucleotide encoding a proteiy, pe] tld S’Egeoude of interest can be produced
using nucleic acid syntl esb hh@ dﬁf manipulating a DNA molecule

including, but not limitALo, Bnnprh tehrelﬁuﬁg&sis of nueleic acid residues,
and addition or deletiortofe.l)‘(eic zﬂd residues, are well known in the art, and can be

used to generate modiﬁEl F.Ty nd RIP toxin conjugates provided herein.
f, gmeqc ligand-RIP toxin is produced as a fusion protein.

In one embodiment
The fusion protein can § !;mlc!edt)ylretyn@mam nucleic acid technology in which a

i nker
| aving the
sequence

ANl GREGGGEGAG
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10 subunit
as the

target gd

agent . For
single polypeptide mclué&fé. Inoéy suc] chcmokine is linked directly to
a proteinaceous targeted ent such cell loxin.. Alternatwely, the proteins can be
separated by a distance 6 ensure al roper secondary and tertiary
structures. Suitable lmlLr bqe EIXva ﬁptla X Ble extended conformation, (2)
will not exhibit propensp for@t‘(ﬂi)pid e dd’ered secondary structure which could
interact with the ﬁmctiotalhoeainsl_fmioﬁolypepﬁde and (3) will have minimal
hydrophobic or charged é ?5 ter w1th could romote interaction with the functional
protein domains. The targefing oxe n e poFitioned at the amino-terminus relative
to the cell toxin moiety G Q agpat‘de%exaale of such a fusion protein has the
generalized structure: (ﬁi&terbﬁﬁsﬂ‘atgh@gmlt'kpﬁde linker: Toxin (carboxy
terminus). Alternativel tb 1ar cTn ld]ésmoned at the carboxy-terminus
relative to the cell toxm ;re S?oxtpsotem for example, having the
generalized structure: ( mo terminus) Toxin:P nde mker Targeting agent (carboxy
terminus).

Also contemplaﬂd&@l\. atalgl)l proteins that contain additional amino acid

sequences at the amino Pnf/onz*é(e’dfmutl Bch aaequences for epitope tags or

other moieties that fam]tm}c pfjtﬁn yfaté dFor example, polyhistidine tags, that

can facilitate processes, such as clonmg, expressxor.x, post-translational modification,

purification, detection, Jmlmsgtm agng(elnpmyed In some cases, where there
is more than one RIP t(Al morslhll bum* ctr more than one ligand, the genes can
be arranged in any ordwdeweqﬂflrfd eivﬂe)f the targeting agent or

targeted agent is not eljgl];atéf er

Fusion proteinsan be prepared usmg conventlon techniques of enzyme cutting

and ligation of fi ited sbq ) Fo ple, desired sequences can

be synthesized using \A‘OJ L-@2& $nthe 7, isolated from the DNA of a parent

cell which produces th@@in by appropriate restriction enzyme digestion, ox obtained

from a target source, stlc g,ﬁsdﬁ, Vﬁt oth Barget source, by PCR of

genomic DNA with ap) trh te primers. In ond xample toxin conjugates, such as any

Qd he§1§%§gn1§k%ed toxin moiety, can be
am no

aC|ds set
forth itt

SEQ I D
1AN0 D21\ ThAa

ligand-toxin conjugate pr
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generated by successw gafméch t bsequences into a vector at

engineered recombinat n!l:s]l‘te e digested products can be subcloned into a vector for
on

further recombinant md st@n as to create a fusion with another

nucleic acid sequence zﬁr&dumﬁa\tlﬂﬁ dzector, or for the expression of a target
molecyle. SAl vari ant

In some cases, P§R amplification can be employed as a means to obtain sufficient
quantities of digested product. rimers u d in the PCR amplification also can be
engineered to facilitate (her opg' th?R? Q’E xd
non-template complemSie)tS exi nEH CL Hladala aprlmers to allow for a variety
of post-amplification “’8 the PCR product without significant effect on the

amplification itself. FoSatarTle t?sﬂ_S’ exteﬂ'g can include restriction sites,

Promoter sequences, reawnon enzfne l]\'Aker seque ces, a protease cleavage site
1 otie example for the purpose of creating a

ucleit gd sequences. For example,

sequence or sequences for Epitope
fusion sequence, sequeLthatt ﬁmcrporated into a primer include, for example, a
sequence encoding a mE)(gaﬁqQ I)r @gs’mall epitope tag, such that the amplified
PCR product effectivell/_cEM aﬂsioxv‘hlgcleic acid sequence of interest with an
epitope tag. .

’ lDelninother exangeellc]ogorx.a%tufgsgmo!] epzyme sites into a primer can
facilitate subclonming oiae aéﬁ&n@ gomct 1Imovgctor that contains a compatible
restriction site, such aswacrvﬂmam efls feoiﬁauon of a nucleic acid sequence.
Subcloning of multiplef(ﬁ EqpliiBlA@'ucts into a single vector can be used as a

strategy to operatively | ﬂ e 1ff e nucq acid sequences. Other methods for
subcloning of PCR proé vh nto vectors mcI unt end cloning, TA cloning, ligation
independent cloning, a.\] on cl

Prior to subclmﬁ@fﬂ !’Ck,bgﬂitcc@ining exposed restriction enzyme sites
into a vector, such as fc( @E@ﬁu{o@tb %@.\ence of interest, it is sometimes

necessary to resolve a dﬁ EC) wct from that remain uncut. In such
examples, the addition florescent :rg at the 57 end of a primer can be added prior to

PCR. This allows for 1@:&@1{&9 dlgsgdyroducts since those that have been
nucleic arid

t hat encodm
t he
LPI dI | dpol ni

ant i1 Ao 1| o
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exenpl ary
LPM pr ovi ded
digested successfully whl é‘f Iét'theﬁuoniscgt labéupon digestion. In some

instances, the use of amsa‘fxﬁed PCR products containing rgstriction sites for subsequent
ODLHUAL 8.

incorporation of resmct.o x%/me linker sequences in the fusion protein product.
Generally such linker s@h@ﬂ@ktiannemt impair the function of a polypeptide
so long as the sequencmt@ivelal.inked.

2. Productjon of ates Containing Fusion Proteins and Expression
Systems k]é d

The nucleic aclmlefu]eeetiulg zy)xmgrt conjugate thereof, such as any
ligand-toxin conjugates; prﬂla(l h elé (?f Ipryded in the form of a vector, which

contains the nucleic acxd molecule. One example of such a vector is a plasmid. Many

subcloning into a vecto ence can result in the

expression vectors are ble known to those of skill in the art and can be used for
expression of an toxin mie,fnciu(ﬁéﬂaxin conjugates. The choice of expression
vector can be inﬂuence@h}ie ‘@& of toseaxriassﬁg'stem. In general, expression
vectors can include tran ‘ptior;cmxgﬂ and optionally enbancers, translational
signals, and transcriptional lational termination signals. Expression vectors that
are used for stable trans‘% mE%H}Q(!all havg'&ectable marker which allows
selection and mai i h-"ﬁe h’f BhF gs&t Iﬁtﬁe cases, an origin of
replication can be used aglemc copy nlmpfr of the vector. In addition, many
expression vectors offergitheran N ipgl —jerminal epitope tag adjacent to the
multiple cloning site sog iﬁané}; resgﬁ?lg]g:rt‘!i_?expmss’a from the vector will have an

epitope tag inserted in th tide Jeq 3
The fusion protaSA;l:e pr&ummellﬁmown techniques, wherein 2 host

cell is transfected with p 3pre$io tor containing expression control sequences

operably linked to a nualevairn?legﬁctﬁng f& the fusion protein to be expressed
(Molecular Cloning A g ory Manual, Sambrook et al., eds., 2nd Ed., Cold Spring
Harbor Laboratory, N. ). DNA encoding a toxin, generally in the form of a

fusion protein comn@manypepm ol @rcctty to a modified toxin, such
as any of the ligand-toxjn @r@eAd pfofddd k@), is transfected into a host cell for
in the
sel ection
met hods
herei n. For

avanml o + ho
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(am no acids

31- 321)
expressions. Toxin polﬁﬁiﬁf 1ﬁ1é11g ligand-toxin conjugates, can be expressed in
any organism suitable to produce the required agounts and form of polypeptide needed
for administration and T: a:j1 céll type that can be engineered to
express heterologous DJAMaspsgcr&V Jvatd@ dmmble Expression hosts
include prokaryotic mﬁ@ﬂo@ prﬁlsmL@J as@coli, yeast, plants, insect cells,

mammalian cells, mcluenelﬁx]anﬁ %ffc animals. Expression hosts

can differ in their prote roduction levels as well as the types of post-translational
modifications that are present on the expressed proteins. The choice of expression host
can be made based on t& EEQ Ior{l\al as regulatory and safety
considerations, productﬂ;_nYosts 39011e r‘ee:i mﬂkl@dfur purification.

a }ﬂhmfsel‘l-ﬂ)syeﬁ for expression
The const‘ructloil h)ﬁTssPn éf(éf tixat contain a nucleic acid molecule that

encodes the RIP oxin variant or a ligan anant conjugate provided herein and
the expression of the IQ amﬂn transfected cells involves the use of molecular
cloning techniques weltmadih ’tife dﬂ@di methods include construction of

expression vectors con@hq' a gcgc act‘d G)kciﬂeﬂwoding a polypeptide operably

linked to appropriate traRl;riptlo tignal control signals. These methods also
include in vitro recombinapt 1uck1c acid {e. ) iﬂor RNA) techniques, synthetic

techniques and in vivo mbina on/g1§c Teko; iﬁnon {see, e.g., techniques
described in Maleculart,‘lajﬂg.g &tp;&d Manual, Sambrook et al., eds., 2nd ed.,
Cold Spring Harbor Lal i ¥ ., 1989;| Ciayent Protocols in Molecular Biology,
agent- 8 o %,
Vols. I and 2, Ausubel, s., s, }Q87-1994; John Wiley and Sons,

Inc., 1994-1999; and ClonE]g Vectors: A borEow Mahugl, Vols I- IV, Pouwels, et al.,
eds., and Supplements Ine 9&-1 gﬂ
Recombi SA 1~'i S k3 'r 1si of the polypeptide of interest

MElseViely YL, 1

in host cells generally vi'iHSe intleifoe of an expression vector, which includes

expression contrel seq césrptragﬂfnkedg anucleic acid molecule encoding the

polypeptide. Methods mg stable transfer so that the foreign nucleic acid is

contjnuously maintainei ost also are known in the art. Transformation of a host
polynptitie
identified
its the
sel ection

nmt hAade
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agent. In

one exanpl e,

the nodjfied

SAl subunit
cell with recombinant xiucgc aetd ﬁnée carried out by conventional techniques as are
well known to those skilled in the art.

A variety of host-eX] resslionav'euog syste%ns can be used to express the RIP toxin
variant or ligand-RIP jant conjugate protein. These include, but are not limited
to, microorganisms, su@@ﬂanylp@patm{d d_eecombinant plasmid DNA,
bacteriophage DNA, oricodlém eixpfesiiméﬁnrs containing the nucleic acid

molecule that encodes the tgxig variant or ligand-RIP toxin variant conjugate; yeast

e

transformed with recombinant yeas c)ilressiun vectors containing the nucleic acid

molecule that encodes &%L t(%va Jnt Ql@and—RIP toxin variant conjugate; plant
cell systems infected wﬁ'e‘{onh:@ld@s expression vectors (e.g., cauliflower mosaic
virus, CaMV; tobacco xh)ecrvm THV:) or txﬁ,alrned with recombinant plasmid
expression vectors (e.g.efs'e rffbclmtgimg thimﬁe'é acid molecule that encodes
the RIP toxin variant or ligand-RIP¥oxin varlant conjugate; insect cell systems infected
with recorabinant virusLxEM tors (e.g., baculovirus) containing the nucieic acid
molecule that encodes Ee@ﬂixxug@tr #2and-RIP toxin variant conjugate; or
animal cell systems tmefwaiecw’g?mmaasmid expression vectors containing

the nucleic acid moIem? Bat €l stth toxin variant or ligand-RIP toxin variant
conjugate or infected wﬁmﬂ)inam virus expression vectors (e.g., DNA or RNA

viruses, such as, but nof 'to retroviruses, adenoviruses, and vaceinia viruses)

containing the nucleic @Glﬂe»ﬁpﬁ ﬁtpdhs de]’ toxin variant or ligand-RIP
toxin variant conjugate(oxe@pr‘leegrﬁ @lﬂlehls engineered for stable
expression of the RIP tﬁi wvarignt or Jig dl-,ﬁP toxin variant conjugate.

Depending on the st/vtntgr sys? ed,ﬁ b f a number of suitable
transcription and uanslﬁ&; n!leraé, ngg c(g;aﬁve and inducible promoters,
transcription enhancer &Len,eanscripﬁon terminators, etc. can be operably linked to
the nucleic acid encodi@ @lRthle@@t 'Pr aeei-RIP toxin variant conjugate in
the expression vector (ieféf., Bitr,r 611‘,1Mﬁods in mology 153: 516-544,
1987). For example, w$ Q:ta ial system is useiimmle promoters such as, but
not limited to, Py, of bat Ep ge!L Qc, Pixp, Prac (Pre-Lac hybrid promoter), or T7,

190: 1

l'i nked taut,
SAl vari ant
4
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aci ds 2-88),
can be used. In anotherg(ﬁnplem'mg Elainnlalirn Eltsystem is used, promoters

derived from the genome af lian cells (e.g., llott p ) or from
mammalian viruses (e.j., tLe rc]a!&fg!long terminal repeat, the adenovirus late
promoter, or the vacciné MS@&OtﬁGﬂbed&. Promoters produced by

recombinant nucleic ac%;mtgt@t)ch’mqueaﬁ dn be used to provide for

transcription of the i gucl 1 lecul ding the RIP toxin variant or
i S SAY

ligand-RIP toxin variant c:ﬁu ate.
‘When the host i}/ Ltigs’lghtas E.%h’, competent cells that are capable of
p !

DNA uptake (i.e. transtShdd uﬂﬂe &epared from cells by procedures well known

in the art. For exa.mple(cea m bﬂ:@est%i C@Sntial growth phase and

subsequently treated byg(TC_lz ?% Alternatively, MgCl; or RbCl can be used.

Transformation also caﬁﬁéplgwmm:oplam of the host cell or by
electroporation. Generally a prokaryotic host 1s use e host cell.
‘When the host id?x_fmryotic cell, methods of transfection of recombinant micleic

acid molecules include hml oFﬂIci\Eﬂb)spRg_cHrecipitates and conventional
mechanical procedures,Tu@(lIﬁcR@cﬁ&ANﬂF{lpo tion, and insertion of plasmid

encased in liposomes. Ww id transfer involves the use of a
eukaryotic viral vector, Such as sinian virus 4 ), adenovirus, vaccinia virus,
bovine papilloma virus, brieleslb fonomous parvovirus vector (e.g., as described

in U.S. Patent No. 5,585% ﬁljlsiugiaett, @ ®uiform, eukaryotic cells and
express the protein (Eu@:fotic ltirzé.liec .éf)q Slﬂ Harbor Laboratory, Gluzman

ed., 1982). Eukaryotic f_?ﬁailso éaf br [ sfected with a nucleic acid molecule
nke

encoding the RIP toxin vagiant oy ligand-RTP Toxin variant conjugate polypeptide and a

1

second nucleic acid 2 phenotype, such as the Herpes
simplex thymidine kinate k. gerﬁﬁeldthe nucleic acid molecule encoding the
RIP toxin variant or 1iga ﬂ(tx ‘g‘iantcoaﬂte polypeptide and the nucleic acid

molecule encoding a sebcéble pBCPot@apralfgsgt 6{1 the same vector or plasmid.

Eukaryotic expressjon systems can allow for further post-translational

modifications of expres@d mtm ;]aﬁlrprot yo occur. Such cells possess the cellular
chem cal
conj ugati on,
r econbi nant
DNA

+arhnnl AAvy
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unknown, the
sequence can

first hg

det er m ned
‘machinery for post—txarﬂag')imlﬁ ssi“éqm I)rlmmy transcript, if so desired. Such
modifications include, put are not liMited to, glycosylation, phosphorylation, and
farnesylation. Such hok ncs include but are not limited to CHO, VERO, BHK,
HeLa, COS, MDCK, }E ﬁﬂh@ﬁﬁ WI3S.

S U e exprefgd {ystems
In bacterial systﬁw@ztnuml'eriof r)ﬁre.‘fioevdtors can be advantageously

selected dgpending llp()t] the desired atiributes of the st]stem. For example, when large
quantities of the RIP toxianariaI§ og hréan%—glnolxin v t conjugate protein are to be
produced, vectors which rect the expression of high levels of the RIP toxin variant or
ligand-RIP toxin variax{t ci)njbdfe afeiil p@@t’s that are readily purified can be
desirable. Those whicli arrf@ipeﬁtﬁ copiagq a cleavage site to aid in recovering the
expressed polypeptide age preferred, Excellent results canand have been obtained using
several commercially aflig)g Iecgr!, ir}Ccludh% %’!’ lg::, ¢, or d (Novagen, Madison,
W, hybridi zatio

Particularly preﬂ’red@@fd@@{ﬂsi‘orﬁgr; of E. coli cells include the pET

expression vectors (seeaﬂ P ? Pbﬂ W,QS%% Srailable from NOVAGEN,
Madison, WI; see, also éwamgl;&:‘ils;he béllil;])\iagiildgscribing the system)., Such
plasmids include pET 1Tc and/or p! 1a; which gon the T7lac promoter, T7
terminator, the inducibﬁln: 'lau@)gator! athlle tac¥pressor gene; pET 12a-c,

which contains the T7 *B)aasre‘derminator, and the £. coli ompT secretion signal;

and pET 15b (Novagengvedisoe@];ﬂhith tains a His-Tag™ leader sequence
{Seq. ID NO. 40) for use~ ificati itha s col and a thrombin cleavage site

that permits cleavage following purification over the column; the T7-lac promoter region

and the T7 terminator. o screenin g
Nucleic acid enadinﬁ @zetabi, mh @ a chemokine, linked to a targeted

agent with and wiﬂxoutlljxgxeﬂi ot{erech constructs, can be inserted into the pET
vectors, such as pET11 -11a, ET-15b expression vectors (NOVAGEN,

Madison, WI), for intracellular T— periplasmic expression gf the RIP toxin variant or

nucl el ¢ aci
sequences

t hat encode
a particular
nmout h when
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ligand-RIP toxin variagt cpujpg: T s. Alternatively, the targeted agent or targeting
agents can be msertc:‘lfn t‘t;é: EEﬁIc:Ijsi;nd expressed individually.

Other plasmids b Pl smids, particularly pKK 223-3, which
contains the tac promo& %qluefnm@ﬁ&cia' see also, Brosius ef al. (1984)
Proc. Natl. Acad. Sci. fl or: A\@ Ft Protacols in Molecular Biology;

and U.S. Patent Nos. Stl gﬁ 5 187 153, 5,204,254, 5,212,058, 5,212,286,

140

5,215,907, 5,220,013, 5,2 d 5,229,279), which contain the fac promoter.
Plasmid pKK has beeng
EcoR1 sticky ends (purrmd fr@l hlmecs obtained from pUCAK (see, e.g., Vieira ez
al. (1982) Gene 19:25$2h actU.S. Patent No. 4,719,179) into the ampicillin resistance
macse  faeil|itnte

Other preferred vectors ipclude, but are not lmuted to, the pPy-lambda inducible
expression vector and tp [zlzc prom(%r ver]or pDR450 (see, e.g., U.S. Patent Nos.
5,281,525, 5,262,309, {24d §311 shal 08 @rdse@1227,203, ; avaitable from
Pharmacia P.L. onchemlcalm'}dso Mott, et al. (1985) Proc. Natl. Acad. Sci. U.S.A.
82:88; and De Boer et é *93 iNé Acad. Sci. U.S.4. 80:21); and baculovirus
vectors, such as a pBlu ector also cal JVETL and derivatives thereof; see, e.g.,
U.S. Patent Nos. 5 278@59 ZM 5, 5§]f f s ’J4an7 5,266,317, 4,745,051, and

5,169,784), including ;ﬁuegacalg S

Other vectors ifgh@e|fut are not limited to, the pIN-IllompA plasmids, such as

pIN-ITTompA?2 (see, e.# lasc’imtt }io.tl Sé?Plémd Duffaud ef al. (1987) Meth.
Enzymology153: 49! N§)r 18e & —I 0] é lasmids include an insertion site for
heterologous DNA linked in lptlon 1eading frame with functional fragments
derived from the 1ipopr§$xl g\:l]vf Eazﬁ The plasmids also include 2 DNA fragment
that encodes the signal &*tu@dﬂ}le ﬂ@ ;Jrotem of E. coli, positioned such that the
desired polypeptide is s ¥ gegﬁpéoiﬁal peptide at its amino terminus,
thereby allowing efficient g(gett'on acy tos th cﬁ ilmémembrane. The plasmids
further include DNA edcoding a specific segmen coli lac promoter-operator,

which is positioned in JLe Lngn@ tion for transcriptional expression of the desired

nmodi fi cati on

mserhon of a kanamycin resistance cassette with

purification
, detection,

AanAd
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| ost the
polypeptide, as well asf srpaatﬁ\rw@gl élﬁatl gene encoding the associated

repressor molecule that, in the absepce of lac operon inducer, interacts with the lac
promoter-operator to p]ev ba ptxo Expressxon of the desired
pelypeptide is under thd:lmtg @Setprp@aﬂ {£lpp) promoter and the lac promoter-
operator, although tmn;’crﬂon [ aRher promoter is normally blocked by the
repressor molecule. Tk‘e rﬁrgsfr grlfe\‘éjgnacnvated by means of an inducer
molecule thereby indugjng transcriptional expressign of the desired polypeptide from
both promoters. Ct 1] use Of

The repressor paJmII bJ rtojlecﬁ)dxe plasmid containing the construct or a
second plasmid that coﬂ@lt g& encoding for a repressor-protein. The repressor-
protein is capable of r ’sn@ta (Tectipgn of a promoter that contains sequences of
nucleotides to which th r s -] o promoter can be derepressed by
altering the physmlnglca condltlons orthe cellh@ alteration can be accomplished by
the addition to the gro“Eh %&1 [f zl mGetulL ﬂg ﬂublts for example, the ability to
interact with the operat{g dr \iltl&&latofy fdfeins or other regions of the DNA or by
altering the temperanmgiwlm ErE'fé’nftrred repressor-proteins include, but
are not limited to, the E, cqli facl tepressor x¢ sp sive to IPTG induction, the temperature
sensitive cI857 repressqr. iAﬂ E.coli l% nepress s preferred.

In certain embo&in[eh s, g cogructs also include a transcription terminator
sequence. The promoté‘/raﬁsta:@aﬁnscrfxi@ Ferminators are each independently
selected from the sametr lﬁf’eent genes. In some embodiments, the DNA fragment is
replicated in bacterial cgsélﬁn é 'B INA fragment also typically includes

on, to ensure the ma of the DNA fr: from

a bacterial origin of rep
generation to generauo the bheteria. In this way, laxge quantities of the DNA
fragment can be producled Ly l’eﬂ;l:ﬁdn iokdteria. Preferred bacterial origins of
replication include, but Secqlate m,@@b rejarﬂEl origins of replication.
Exemplary bact, i 15 cqntgin chfomasomal copies of DNA encoding T7
RNA polymerase operal 8§1§ez t:rh antlmdlljn:lij:)romoter such as the lacUV promoter
(see, U.S. Patent No. 4, E nﬁ) Such hosts include, but are not limited to, lysogens E.

i ncorporatio
n of
restriction
enzyme

11 nlyar
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expretniorfs
. Toxin,
pol ypepti des
/i strains HM: DE3)pl; 1 L AHMS174(DE3) and BL21(DE3).
coli -strams S]7'4( : )pI[ysh?jJ' (EfaﬁLyﬁ 174(DE3) an (DE3),
Steain BL21(DE3) is pgeferred. The pLys strains provtde low levels of T7 lysozyme, a
natural inhibitor of T7 E\IA -g@n[j;d}iﬁege LctQal hosts are the insect cells
Spodoptera fmgiperda@iﬁ): t]la, slel @at.\cﬁw?et,al. (1988) Biotechnology 6:47-55
and U.S. Patent No. 4344050 phe
Expression systgnkap y@gage@]dostsiamﬁasily scaleable for small or

large scale protein production. For la:fe scale ?’ﬁein roduction, methods, such as batch
fermentation, can be us@ [(] Mpres T cog:ogant proféins, such as the modified RIP

toxins or ligand-RIP toﬁlbl)l‘nju&ala.gllida heltin&xemplary methods of batch

fermentation are knowxpflh@dxu GQan ¢e 1{3‘@ for example, in the Examples
provided herein. For e:ranel tfn:rl bé@lls that contain expression vectors, such
as a pET vector carryinga nuCIEitI acidtm(élecula thﬁt acodes a RIP toxin or ligand-RIP

toxin conjugate provided hierein, can be grown in vessels, such as fermentors, for batch
fermentation. Typicall; s\erfexme Ire used for growth of bacteria in 5 to 100 liters
or more of liquid culturp O* liyipelp Lseid 1d Ewth is typically a standard
enriched media culwre,m]é}éﬁ(éiﬁallyfcoeﬁm additional components that enhance
growth of the bacteria and/@ﬁgrqlduﬁoln (?tje erz(pg.sterﬁprotcin. For example, RIP

&

toxin inhibitors, such aSQ~ , can be added to the culture to enhance the growth of

bacteria that express RIQtnins @1 -RTP toxin conjugate proteins. As described

elsewhere hercin, additibn [t @Bt infAOR [Reliosic activities of the expressed RIP

toxin on the host bacter{ byphioyingfor higher protein production. For
e erbgroyingor higher

protein expression whelalﬁlynducéﬂévrc
to €

{e.g., IPTG) is typically addedto the cu hI or a period of time once the culture reaches
a particular density of gtovyhplg coJce

induction time can be e@pb@ichly db@ned or experimentally determined using
methods well known iue ¥ dﬂ:ele'g (ei@] growth conditions for protein

expression. Methods qu pﬁi 1caé’0%ﬁ1pr§s§ gowins from bacterial host cells is

well known in the art arld can include, for example, solubilization with 2 homogenizer in

@J; s@fr aso OQ gxg'l.urésolution {e.g., guanidine
DNA and has

a secretnry
pat hway is
sui tabl e.

Evinr occl AN

Trs, such as a pET vector, an inducing agent

of inducing agent and length of

a suitable solubilization/
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bact eri crpba
ge DNA, or
cosm d ,DNA

expressi on

hydrochloride/urea solvo optiopally includes a detergent, followed by colurmn
purification. An exemplary method for purification of RIP toxins and ligand-RIP toxin
conjugates is provided Q X hg!;lxln
N Bused Ml Gk B Gotems
An alternative a)@iiodystem that can be used to express the RIP toxin variant

or ligand-RIP toxin var; nj rofeinds an insect system. In one such system,
“FOTECTre

Autographa californica nyclear olyhedr051s virus (AcNPV) is used as a vector to
express foreign genes mi ﬁ iperda cells. The nucleic acid
encoding the RIP toxintla.h.\eor hBli-lB’ toxin variant conjugate can be cloned into
non-essential regions (tsr W[.ile,lt‘l'e polyhedrin gene) of the virus and placed under
control of an ACNPV pvratfr (iforacﬁxtle the polyhedrin promoter). Successful
insertion of nucleic acid e the RTP r ligand-RIP toxin variant
conjugate will result m%tnllaté @fme ol ene and production of non-
occluded recombinant th(X l vk lacking the proteinaceous coat coded for by the
polyhedrin gene). Theéq'lacimqm:a ﬁtses are then used to infect Spodoptera
frugiperda cells in wlne Efﬁsrntj gna.te)g&ssed (see e.g., U.S. Patent No.
4215,051).

For insect hostsxacuginrus vectors, such as a pBlueBac (also called pJVETL
and derivatives thereoftv&:tc@,-%jar@hm , (see, e.g., U.S, Patent Nos.
4,745,051, 5,242,687, A3 §411.244,805, 5,266317, 5,270,458, 5,278,050, and
5,169,784; and publishﬁﬂ@ﬁ:ﬁﬁli P(ﬁ‘ gﬂitation WO 93/10139; available from
Invitrogen, San Diego) also can be psed for expression of the polypeptides. The
pBlueBaclll vector is promoter vector and provides for the selection of
recombinants by bludv&l%@eln&g §lJ lmm contains the B-galactosidase gene
(lacZ) under the contro\b@BEdse@rfcc@izable ETL, promoter and is inducible with
IPTG. The DNA. constctﬂ':ﬂutluafl inﬁtlle ﬂigBac IIT baculovirus vector is
operably linked to the %p pﬁmotertr genirateg the expression plasmid, which is
then co-transfected w1 € Virus il o insect cells Spodoptera frugiperda (s£9 cells;
see, e.g., Luckow et al! aﬁd) Iﬁjtechnology 6: 47-55 and U.S. Patent No. 4,745,051).

nol ecul e

t hat encodes
the RIP

t oxi

\7ari ant +nNn
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Blue occlusion minus vtra}plaﬁ geiselé:tﬁltmf pyue purified and screened for the

presence of the DNA mwleculg encoding the conjugate protein by any standard
methodology, such as v!es bl§s siig’approéi te anti-sera or Southern blots using an
appropriate probe. Sel&t&l MS&O&E:&Mrus is then co-transfected, such as by
CaPO, transfection or [@opgrhest kg yoqbtte'ra Lugiperda cells (99 cells) with wild

type baculovirus and gre;vel? tifsug:ulng ﬁxﬁ of in suspension cultures.

iii. Yeast cell expresgiop systems

Another express%gggegl géai i
ligand-RIP toxin variaxprnjgexe ﬁ)leiﬂ yeast. In yeast, a number of vectors
containing constitutive ér Epiiyle@ryx{)tev@ i)e Ls@ Such vectors are well known
(see, e.g., techniques ddﬁﬁibxf! iav{olecular Cloning: A Laboratory Manual, Sambrook
et al., eds., 2nd ed., Col ring Harbor Laboratory, N.Y., 1989; Bitter, ef al. (1987)
Methods in Enzymol. 1$fél éﬂ;gi[tersethl.l(l 987) Methods in Enzymol., 152: 673-
684; Rothstein, DNA 7, SR, I MG, 1R Press, Wash., D.C., Ch.3,
1986; and The Molecul*rbz[bgbﬂﬁ Yeast Saccharomyces, Strathern et al., eds., Cold
Spring Harbor Press, Vpls, A9 fjutive yeast promoter such as ADH
or LEU2 or an induciblL ao.gg sﬁcé}G‘AgLT:Zy b’e used (see e.g., Rothstein, DNA
Cloning, Vol. 11, Gloveg. - ed, Tess, Wash., D.C., Ch. 3, 1986). Alternatively,

e used g{press the RIP toxin variant or

vectors that promote 'mEgdion of for;lg% juences into the yeast chromosome
can be used. Eukaryuti c
i H i it
ig Qe gfespyems
Another expressj tem fhat can be used to express the RIP toxin variant or
ligand-RIP toxin variant conjugate protein is a plant cell system. In cases where plant

expression vectors are \QEQJLe Exgw a@l@tmﬁc:ule encoding a conjugate

protein can be driven bdmyw n\lm*exg pro@oters. For example, viral promoters

such as the 358 RNA aﬂ HW@‘PHGHS é%li{Véee e.g., Brisson et al., (1984)

Nature 310: 511-514), ﬁ,ﬁa ro teingpromoter to TMV (see e.g., Takamatsu et al.
(1987) EMBO J. 6: 307-31T) can be ysed; ali€inatively, plant promoters such as the small
subunit of RuBisCO (s@ Q., i et m.g984tEbﬁ J. 3: 1671-1680 and Broglie

RIP toxin.
vari ant or
lig:Ind-RIP
toxin

\/7Aari ant
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vectors,
such as pET

11lc, pEJ-1
| a,

et al. (1984) Science 224 p sor b promoters, e.g., soybean hspl7.5-E or
hspl7.3-B (see e.g., Gurley, et al. (1986) Mal. Cell. Biol. 6: 559-565) can be used. These

constructs can be imroﬁc%% QII p§§e§§ Lshg leasmids, Ri plasmids, plant virus

vectors, direct DNA tra\{sﬁ'lﬁalkmt nﬁr‘in&tion, electroporation, among other
techniques. F . fi 1o, Weissbach : chack
echniques. For rev1ew€ WA@E s o1 and Wi

(1988) Methods for PI%(ﬁciulasB(jlﬁy, Academic Press, NY, Section VIII, pp.

421-463 and Plant Mon)BiologyTZd E(i, Covet, S.N., Ed., Ch. 7-9, Blackie,

London 1988. 1 or

\i. n tMEnaﬁaeJell Iexhlelisia systems
Another expres{ion sy§j¢fn that can be used to express the RIP toxin variant or
ligand-RIP toxin vari: @ngte eilasg rrﬁunéian cell system. Expression
constructs can be transferred to mammalian eells by viral infection, such as adenovirus or

vaccinia virus, or by dirgc%pArtra%s gr Such a$ liposomes, calcium phosphate, DEAE-

dextran and by physicagians ;10 ect rafion and microinjection. Expression
vectors for memmalianfee® Xpicaﬁ include an mRNA cap site, a TATA box, a
translational initiation sv{ar‘ee FKaaﬁ)fnsenﬁsﬁquence) and polyadenylation
elements. Such vectors j;a-l chude transcriptional promoter-enhancers for high level
expression, for exampl¢ the SV40 promoter-enhancer, the human cytomegalovirus
(CMV) promoter, and th ﬁo@r@ﬂ Ep f Hous sarcoma virus (RSV). These
promoter-enbancers a.nta@lxirl mfi}y cell types. Tissue and cell-type promoters and
enhancer regions also &P & rsc1d fa. ﬂptession. Exemplary promoter/enhancer regions

include, but are not lim'éebtri,]ﬂlosnfg é?tles such as elastase I, insulin,
. e
Toh ¥

lin, mouse r virus, albumin, alpha-fetoprotein, alpha

1-antitrypsin, beta-glohg,rmg& ﬁxlc pﬁ&l,‘myosin light chain-2, and gonadotropic
releasing hormone genNnttoanefla}atmlkeV@llbe used to select for and

maintain cells with theggpressit ct. Examples of selectable marker genes
presign dopgguet. Bxamp "

include, but are not limtteg(i, l;qéxf{c'%l:ﬁd\hn phe adenosine d
ans:

xanthine-guanine phosphoribos: ferase, aminoglycoside phosphotransferase,
dihydrofolate reductasx%t%ﬂ(ine k‘lm Fusion with cell surface signaling
targeting
age nts can
be inserted

inthe plIT

viort Are anAd
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al t hough
transcrjptio
n from

molecules such as TCRé im‘tFﬁg fan direct expression of the proteins in an active
state on the cell surface.
Many cell Ii mt ﬂﬁ I l" Qexpressicm including mouse, rat

human, monkey, and c]ﬁ}ﬁfaﬂﬁ‘ﬂ)l;tel cys. Exemplary cell lines include, but are not
limited to, CHO, VERGHIG (TR ¢l vas, Balb/3T3, HeLa, MT2, mouse
NSO (non-secreting) er myeloma cell lines, hybridoma and heterohybridoma cell
lines, lymphocytes, RPMI 1783 cells, fibroblasts, Sp2/0, COS, NIH3T3, HEK293, 2938,
2B8, EBNA-1, and HKE ﬁ!ﬁ&e ggSJ% Ql[ Nos. 5,618,698, 6,777,205). Cell lines
also are available adaprEm lerﬁl@euletﬁwhich facilitates purification of secreted
proteins from the cell cq-tiq:emia (e.g., EBNA-1, Pham et al., (2003) Biotechnol.
Bioeng. 84:332-42).

PCT/CA2007/002278

orepr e SSOor |
M lian cell sy that uge recomt viruses or viral elements to direct
expression can be engu§ @d Fﬁ Q Lq!l Vhel l\myg adenovirus expression vectors,

nucleic acid encoding tilE: ﬂlaﬂrtv&laﬂ cagaﬁ—dl’ toxin variant conjugate can be
ligated to an adenovxrub‘Ysani&W@n c@lfﬂ complex, e.g., the late promoter

and tripartite leader seq&ﬁe. Tihlﬁ:dlﬂvéeé fan then be inserted in the adenovirus
genome by in vitro or in vivo Irecombinatijm. Insertion in a non-essential region of the
viral genome (e.g., regi or ‘esuf in a recombinant virus that is viable and
capable of expressing xt;ch&crd &:bl}é the RIP toxin variant or ligand-RIP toxin
variant conjugate in mfpctﬂ d@ @q, s ggan and Shenk (1984) Proc. Natl. Acad.
Sei. USA, 81: 3655-365f).rA§ﬁgee( l&hti plf.!alw.ﬁ 7.5K promoter can be used
(see e.g., Mackett et al, 1981) Proc. Natl. Acad. Sci. US4, 79: 7415-7419; Mackett et al.
(1984) J. Virol. 49: 85"-& , 1984; and Panicali et al. (1982) Proc. Netl. Acad. Sci. USA,
79: 4927-4931). Of paﬁo&apxxeretss&tcg T&ed on bovine papilloma virus which
have the ability to repli@tf as e)ﬁr*}.@nosomal elements (Sarver, ef al., Mol. Cell. Biol.
1:486-96, 1981). Shoﬂé‘rg Tntv @ld DNA into mouse cells, the plasmid replicates
to about 100 to 200 co; 1esdelr c&l Transcrftlon gtéahmsened ¢DNA does not require
integration of the plasmid nto osts -0mosome, Thereby yielding a high level of
expression. These Vectmr c Q }Sexpressmn by including a selectable

pr onot er s.
The

repr essor
protein can

he oanrcrndod
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producti on

marker in the plasmid, BGF as ﬂte Wéene. Alternatively, the retroviral genome can be
modified for use as a vector casjable of introducing and directing the expression of the

RIP toxin variant or I -] OX] ‘olfjugate in host cells (Cone and Mulligan,

Proc. Natl. Acad. Sci. @X @&3486[35{]1984). Ex@ fevel expression also can be
achieved using mducib@pX)@ﬁ%xich@n’g, butRI liaed to, the metallothionein TTA
promoter and heat shoc-lt p@r%?rsn

For long-term, lilghr-]yﬁl? p dilct?n of recombinant proteins, stable expression is
preferred. Rather than using expression vectors wiicH contain viral origins of replication,
host cells can be transf&rlelicd chaSJcoding the RIP toxin variant or ligand-RIP
toxin variant conjugateAeteMa}ed by@@dfiate expression control elements

{e.g., promoter, enhanch équeaedtd;érajonterﬁnators, polyadenylation sites,

etc.), and a selectable marker. The selectable marker in the recombinant plasmid confers
resistance to the selection and allowS ¢ E]ll torsu!.bly m@grate the plasmid into their
chromosomes and grovtto@ymg& Q@%@n be cloned and expanded into cell
lines. For example, foltovhlehe ig'fd@Mf heign DNA, engineered cells can be

allowed to grow for 1—2daf/s in b arthtd gfiai ana.then are switched to a selective

media. A number of s ecﬁﬁfu‘ms be urs.edeinéhgng but not limited to the
Herpes simplex virus thymidimne kinase 1£r etal, Cell, 11:223-32, 1977),
ﬁm;ﬁ)ﬁbtsy@%}ﬂﬁ &zybalska and Szybalski (1982) Proc.
Natl. Acad. Sci. USA, 40) ¥026-30), and adenine phospho-ribosyltransferase (Lowy ef al.
(1980) Cell 22: 817—31] goiueg;ah ﬂnlo&c’@ I‘,Igprt‘ or aprt” cells respectively.
Also, antimetabolite regist; n be used as the basis of selection for dhft, which
confers resistance to methotrexaje ﬁiglet et al. (1980) Proc. Nail. Acad. Sci. USA T8:
3567-70; O'Hare et al. gﬁn}ocug d.@al USA, 8: 1527-31, 1981); gpt, which
confers resistance to mp&)hg(ﬁi@id (Wl@igan an%’g (1981) Proc. Natl. Acad. Sci.
USA 78: 2072-6; neo, \dle S‘(i_,e’f risimd the %glycoside G-418 (Colberre-
Garapin et al. (1981) J.é/!rl. §ia -14% aél hygro, which confers resistance to
hygromycin (Santerre ¢f al. (1984) Gene 30: 147-56) genes. Recently, additional
selectable genes have [sc%id, mmely ttpB, which allows cells to use indole in

addi ti on of

4- APP

inhibits the

toxic

Aarti w71 +1 o

hypoxanthine- guanine
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oucl uti on
muns viJf al
pl aques are
place of twyptophan; hig, é}:l]cbélbvlts célﬁ) usauﬁlﬁl in place of histidine

(Hartman and Mulligan. IE,SS) Proc. Natl. Acad. Sci. US4 85: 8047-51); and ODC

{ornithine decarboxyl: h resistance to the ornithine decarboxylase

inhibitor, 2-(diﬂuorom@}.ﬂ~51L01f1itiﬂneldM(ﬂr&dmlogue and Coffino (1983) /.
Biol. Chem. 25%: 8384051 eened f or
" tHeepr esence

Techniques for the f’sola!ionﬁndepuri ignof expressed modified RIP toxins or
ligand-RIP toxin conjué%es fromi host célls depend on the chosen host cells and
expression systems. Fi teerﬁévll s,%‘oteins are generally purified from the

culture media after rem@i&@@d.i Fuuig'aceumh @ression, cells can be lysed
and the proteins puriﬁw.'r ew.a‘fwe ic organisms such as i
plants and animals are for éxpresgion, tissues or or; can be used as starting
material to make a Iysel?eﬁ eI:xtract. hyﬁonagnlxrnic animal production can
include the production 3&)1%’& a E\iijor eggs, which can be collected, and if
necessary further the pmtcahﬂdz@t*i z@grye; purified using standard
methods in the art. suc h as

In some instanc‘E%igY pgi.?cﬁon, conditioned media containing the secreted
fusion polypeptide, includng ligand-toxin conjugates, can be obtained. The conditioned
media can be tested in fokeh! Il%&e“&rlplgg conditioned media can be
clarified and/or concenatp pﬁn@@'ﬁ clan aty @ntrifugation followed by
filtration. Concentratiot Li) I)e ‘)y gn}glélrdtmowmone of skill in the art, such as
for example, using tang$F4(1£fr xﬁrérf,nﬁor using stirred cell system filters.
Various molecular weight separation cut pffs can be used for the concentration
process. For example,i] ,()@ Llﬁsepmlcu o! be used.

Modified RIP tag\dlor ligand-RIP toxin conjugates produced either by

prokaryotes or eukaryoa Far@erefé:pips‘ngaztxd@ protein purification techniques
known in the art includipg bu limited to, SDS-PAGE, differential precipitation,

diafiltration, ultrafiltration, column electrofocysing, flat-bed electrofocusing, gel
filtration, isotachophoresiSsize ﬂ d Mimmonium sulfate precipitation, high
purified
r econbi nant
virus is
t han

~Artvr ancf art
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pr onot er,
and the,king
term nal

performance liquid chrrgp@gtelate&fmamgraphy, adsorption

chromatography, ionic gxg! ¢ chromatography (e.g., cationic, anionic), hydrophobic
interaction chromatogrEyQ nd“mole chsi atography. Affinity
purification techniques\lsl) e l)e Bed t(lra&\‘) efficiency and purity of the
preparations. For examﬂl-heg@noc@@m polyclonal antibodies, receptors and
other molecules that bi 0gki 1qx{ns or ligand-RIP toxin conjugates can be used
in affinity purification. E:(r rgﬁgﬁsg?: al-sc)?ancﬁigineered to idd an affinity
tag such as a myc epito@,ésq QsLn%r Hilgat;dgﬁuity purified with myc antibody,
glutathione resin, and N’ﬂ:&l rl’,spv:ﬁely,lto nxotein. Purity can be assessed by any

method known in the a:ﬂ@tﬁxy gel@e@'#pﬂoresis and staining and

20

25

pectrophotometric tecl e
Following tran: Vegm large amounts of the protein can be isolated and
purified in accordance it!l c§v§n!j
from the expression hoft@ elde?xrld yopxﬁe.g, a ligand-RIP toxin variant) purified
using HPLC, exclusionaxmtple Eelgectralﬁ‘@s, affinity chromatography, or
other purification techn'e}ﬂ.ﬁ'aﬁréeéqmtein will generally be about 80% to about
90% pure, and can be uF to and including 100% é\f‘e. Pure is intended to mean free of
other proteins, as well as cgg.\! debris. S SO

In some examp@,mleaepmmahud can affect the protein structure
and thus additional pre;fa:@fl steps are needed following purification to generate the
desired recombinant pr@"( g)reewﬁ, serﬂez{pressed proteins require refolding

following purification t@gc@e that I:rn IOF strong denaturation conditions. Methods
for refolding proteins are known in @e and ¥1 include, for example, dialysis, in the

0
presence of low levels p:gdlgﬂlgetu @J e.é., ﬁﬁ}hl 4).
3. Producﬁﬂ@l@rﬁca} conjugates

To effect chemira]@ o a@'ﬁegm, the targeting agent is linked via one or

more selected linkers oy diggcilyjto the fyrgeted agqnt. emical conjugation can be used
. [RET e =By )
if the targeted agent and the targeting agent dre expressed as separate polypeptides and

must be used if the ta:gael; agnt ingltthan a peptide or protein, such a nucleic acid or
limted to, ‘
t hose from
genes such
as el ast ase

1 1 neiil 1 n

2 me@)@. or example, a lysate can be prepared
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Sachi eved
m ng
nduci b e
prornaters,
a non-peptide drug. Ally ﬁe@ﬂ kllmtla Wg)f skill in the art for chermically

conjugating selected my 1etles can be ufed Severaf methods are described elsewhere
herein and include, but are not lum . crosslmkmg agents such homo- and

heterobifunctional Imklm Ico%mtise ;

The nucleic acit xrh@les encoding the RIP toxin variants or targeting agents
also can be modified torfréltatattj etskiafillaldlﬁlgl conjugation of the targeted
agent, such as a modified f t provided herein, to the targeting agent. For
example the nucleic acid molecules that encode the RIP toxin variant or targeting agent
can be fused to nucleic Qlﬁ xglmhﬁe{codeaag typeptides that can link the
RIP toxin to the mrgeﬁ*a e@tollov&m@ik and, optionally, purification of the

RIP toxin and the 1argep¥' mztxo@re)gnple the nucleic acid molecules that

encode RIP toxin varia geting agents can be modified to mutate particular codons
to generate amino acids in the polypeptides which can be used as sites for chemical
modification and attacljm glypf;n@s[ Slms linkers, for conjugation. More
specifically, by removih h(@‘hmoycinﬁllando acid residue containing an
attachment group for ﬂ'ﬂflk@@fm 'ls qos@lno specifically adapt the polypeptide
50 as to make the mole: more susceptible to conjugation to linker moiety of choice
(see e.g., U.S. Patent Publication No. 20060252650)
H. Methods to Im;egeggm ofalalr(l;peptldes, or Conjugates Thereof
Provided hereitﬂ K rﬂato(ﬁ)} nﬂeslyg the production of a recombinantly
expressed RIP toxin orgtncab lox?eaonjugate or variants thereof by reducing the

toxic activity of the Rll’écszlpvtferito élow ge'hoétﬁjroduce increased quantities of

the toxic polypeptide. In such methods, a RIP toxin, or conjugate thereof, such as any

provided herein, can be protiuced as described, for example, in Section G above, and in

the presence of one or ﬂre Iﬁ’fmﬁ)ﬁorr A@@E toxin inhibitor known to one of skill
in the art, or subsequmRa@tih:Eﬂem, t/hhmmﬁvatc a RIP toxin can be used

in the methods provid ejn. ﬁgascﬁbed elsewhere herein, exemplary RIP toxin
&

inhibitors include, for specific.oli lteotide inhibitors, such as RNA
aptamers, RIP-; spec1ﬁc§nagtgls §4§r§dlmlg Q»mers including, for example,
vectors '
whi ch
cont ai
vi ral

Ari Al hne Nf
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b. Purificati
on
Techni gyes
for the
adenine, 4-aminopyrazi)lo§,bd|]py§1fd.?m 8—-ﬁPP), and other similar isomers. For the

methods provided hereix, typically, such RIP toxin inhibitors are any that inhibit toxic
activity by targeting th @Ld N-glycosidase ?ctivity of RIP toxins. For purposes
herein, any RIP inhibitfd @l ds aﬁedin&n&t ahat€d kreof can be used in the
methods herein so lon@f{he m@@(op;'hﬂ@sglg]@dry activity against the RIP

toxin, or conjugate therﬁ)b[ﬂr:é’('in*lyéﬁ’ inp"toxp.lch as 4-APP, can be used in

the methods herein for Erotein roduction of a RIP toxin, a ligand-RIP toxin conjugate, or
variants thereof, including, bt not limited to;a modified SA1, saporin, momordin, or
bryodin. | gand' R

The choice of It]’@ﬂiiorﬂ;ed in the method of improving production provided

herein are dependent mci e\ﬁfr ﬁfgtgtm@%g, but not limited to, the choice of
rptein

host cell employed for fecombinant P E] expyession and the specific RIP polypeptide

to be expressed. The Spcc[ﬁcl I;rf]kl m(h)sbl ors for ;giiven RIP polypeptide is known,
or can be determined b¥ea>l1 rl)utse asgmsas icity of a RIP polypeptide. A
discussion of RIP inhi@)npectichr@described elsewhere herein. For example, based
on specificity of knowxc:htatg écﬁne ahl@@tr\l’? is a candidate for use in the
methods herein for Cxp&SSé)T aTd iéxpmv d ﬁm uction of Shiga toxin, including the
SA1 portion, active fragments thereof, and conjugates thereof. In particular, 4-APP can
be used in methods of ﬁp&&ﬁwt%& lleQ inciease the yield of any modified
SA1 polypeptide provi@iyesit, (@ﬁsrﬂugatgtjfof, such as, for example, any
LPM conjugate providgleﬂfi:l.r et e d

The amount of i ib'éoa.wl:zrn gegethods of polypeptide expression can
be empirically determined based on its known effelts on the toxic activity of a RIP toxin,

a ligand-RIP toxin conj@[te,grtlagxlt t{gr§f I@ En}%rtant that the RIP ichibitor
used in the methods hc‘gﬁ ms@' anlic lo ye specific host cell, which toxicity is
known ot can be deterrﬂla W imefofi Ské@f art depending on the host cell chosen,
Hence, typically in the etho, xprespl erein, a RIP inhibitor, such as for example
4-APP, is added at aboror‘at O.ﬁf ITOITH;%, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7
mM, 0.8 mM, 0.9 mM,i(Qlﬁ,u. nt/l,u(rmﬁ, 3.0 mM, 4.0 mM, 5.0 mM, 10 mM, 15

nedi a al ter
removi ng the
cells. For
i nnacel | ul ar

AVNYFr occl AN
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purified in

accor dance

W th 152

convent i onal
mM, 20 mM, 30 mM, SW d gore s0 I%srthe inhibitor is itseif not toxic
to the host cell chosen. Itis understookt:at the concentration of the RIP imhibitor chosen
can vary depending on tife elll h, the tOnditions used for recombinant
expression, the time of turyxs aicﬁaﬁoﬁﬂ rl]e inhibitor, the particular RIP

inhibitor chosen, a.nd/olhleartipllir elp)al[br@dd—toxjn conjugate that is being
produced. f rom t h e

In one example, the concentration of RIP inhibitor can be empirically determined
by performing a dose-reSpon: expegmsen$axlld assaying for the amount of protein
expressed at each conc&txth§ If mhatm dor &ane Example 4 herein describes
such an exemplary expdx@@(ir e @t&ninaﬁon of an optimal concentration of 4-
APP to be used in the py c@rtofea'fioﬁ Lp; sé .aségsing expression profiles of the
various LPMs by Coomassie Blue Staining following theif expression in the presence of
increased concentrations of 4§PP. As exemplified in Example 4, the results show some
differences in the Ievelntf Lolgé‘iﬁl dp_re bdtween different LPM conjugates in the
presence of increasing Ior@r)(ai‘ioﬁ of 4-APP. To determine the concentration of RIP
inhibitor to use in the n\?@lof 'Pnaxﬂitn,)ne could perform a similar experiment
using any RIP polypepis T]jligaie tgr‘- f, and any RIP inhibitor such as, for
example, 4-APP, to detbrmine the concentration of the RIP inhibitor that provides
maximal protein expreSQOQ FU eym-nge, T IJ-is essed at maximal levels at or
about 10 mM or more t@m,lwﬂﬂﬁ]iMOsfaxpressed at maximal levels in the
presence of at or about e()h]rl m 4@1@ rG%ly, LPM conjugates, such as
those containing a chertq'liye ligan ié(Td directly or indirectly to a variant 4 modified
SA1 moiety, are producedin the methods hereiﬁn the presence of at or about 2.0 mM,

3.0mM, 4.0mn 5.0 o 108 Gk LR D QL

The RIP inhibit® danSe pdded before, during, or after transformation of the host

cells with the nucleic aﬂfbﬁf efct'ﬂ&* thF lnyxin, a ligand- toxin conjugate, or

variant thereof. In the Tdtﬁ zige xpr:'i to induce protein expression,
the RIP inhibitor can be added before, during; and/or afier introduction of the inducing
agent to the host cells. yo! cxarr_gr, a_RlQ' ?E*Q&n be added at a single

purification

t echni ques.

The pacified

protein wll

nonar al 1l vv hoe
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expr essed
RI P toxin or
llgandBBIP
tOXI
concentration before antm?u (édt Ixémother example, a RIP inhibitor can
be added at a single concentration efore inducing §ent is added, and the medium can
be supplemented with atd; mnal\élgnthl it ihg Bt after the incubation with the

inducing agent. In somL heetl;e exaﬁrnbé of RIP inhibitor added to the
expression system can far@dl@@] q@gaccotdlh @the specific expression system
used. For exanple, as ter'rd C Example 4, the RIP inhibitor 4-APP was added to
E. coli cells transformed wnh nuclelc ac:i:.ncodm a?LPM at a concentration of 2.0
mM during the initial overmg it and Ik and toxin conjugate, however,
additional 4-APP was ald @mg@

fold higher concentrati(tn. @%}iﬁnﬂiﬁei inffxample 4, the concentrations of RIP
inhibitor used, and the ngd'@rinist{atie of the RIP inhibitor, can be optimized

depending on the specific gxgression systy m ed.
el

One or more than one itor can be used in the methods herein for

intubation with the inducing agent at up to 10-

improving production 'HQ@ xi.n, J‘ cgj\!gate thereof. In addition, other methods of
improving recombinan*ﬁfte@@:tgk@)eud production, such as any described above,
also can be used in the ine]hf)e ‘rerela?g eadplc, any method known in the art that
have been used to increg ﬁ [ssionlanii production of a RIP polypeptide, or
conjugate thereof, can b rma in the presence of absence of a RIP inhibitor, such as

4-APP. ne toxic
Additional Mem lo ycp@ p-tteln ﬂ(@l;’uon

In addition to infreping frqdui:tue*fp RIP polypeptide or ligand-toxin
conjugate by using a R]ﬁ:@ 91 4:APP, dugipg expression and production of
the protein, other meth be used. Méthods fo improve expression-and
production of polypepti Ogjlﬁ as a.n% l)o gptide or conjugate thereof provided
herein, include any melM knov@ @:H.J Uu@a}tmemds depends on the
expression system empt)yh e qbnéa@iﬁe polypeptides (e.g., bacterial, yeast,

mammalian, insect, plag U B]ﬁ canaglve Igﬁytmn of factors such as choice of

expression vectors (e., g for regulatad orl:)nst tive expression), growth conditions of the

methods of purification as mentioned

her0| n, can
he produced
as

descri bed,

fAr oavarl o

host cells, or protein m
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In one
exanpl e, the
concentratio
n of RIP
above for isolation of tlie T(ﬂeﬁedb)iypfptéef from host cells (e.g., methods of host

cell lysis and protein separatio can be optimized by variations known in the art to
& Y

noB

improve the amount of’ pro%n ggnerats Exemplary of additional methods to improve

production are discussm Irlca | | y
Growth condiﬁ@@"the@*‘t (ﬂﬂ cﬁ@@red, for example, by a variety of

methods including, butb grnited to, changes in pH, temperature, atmospheric content

(e.g. oxygen or carbon b’oédﬁ Cfnc tFﬁ, ﬁ conjent, including osmolarity,
PR

nutrient concentrationiég. glucose and other sugass, minerals, and phosphates or other

ions), or presence of o Q&(ﬁ% ﬂLtﬁf&tQQgg\ﬁl (e.g., antibjotics, antiviral or
antimicrobial compoun@ pr(@ixi]lﬁ@(fs belYRdAcations to the growth conditions

st 1 i
T
g6,180).

such as sulfates, that

also can be made to decgyary & rrajgic a}’
can affect protein exprens}fn (seg.ey &S. Patent No. 6,
b

Induction parameters can tered, for ple, by in the tration
of inducing agent (e.g. m&%ucegl&ecule, temperature, oxygen content eic),
length of induction timp{mﬁ‘twedf ifduction, concentration of host cells at time of

induction, and inﬂuence%(ﬂ raoegxg @ ﬁ/els a: txpression.

Choice of host cé]ﬁlé ﬁn affect levels of protein production. For example,

bacterial strains are available that differ in genetic backgrounds which can affect protein
production. Such dlﬁ'efglgsmcgkg attar[ n@limiledg, mutations in proteases (e.g.
lon and ompT), recomlfrlase&fg., recA), or endonucleases (e.g., endA), mutations that
improve disulfide bondifoﬂ*lpil ab i)r(teigqldislg (e.g., trxB/gor), presence of DE3

lysogens for T7 promotpr-deiyen e: i bysEyor LysS), and mutations that
FOr “8xa
affect the control of profein induction je.g. lacZY or laclqj or sugar usation of the host
o

cell. Host cells also c: QK [:IR

rare codons in the nuclJﬂ (1] s&:l:nclaencoding the polypeptide.

Another metho(d)@ts 157 14 i)f @)esgm o& @lypeptidc provided herein is
to modify the nucleic ag’lthzgﬁodeﬁxﬁmlypepﬁde or to alter the expression vector
that contains the nucleic acid moleculelthat encodes the polypeptide. As described

(eare A genes to improve recognition of

elsewhere herein and kix 1 tm,_m ectors are available for the expression of

experi1 nent
for the
deteniinatio
n of an

Ant i Nl
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polypeptides provided dn jncluding the RIP toxin variants and ligand-RIP toxin
variants provided herein, Methods for impraving the production of the polypeptides
provided herein mcludQJecQo& C| Oljwl ﬂpemes such as, but not limited to, a
strong promoter for hlggluﬁhxpraﬁ, a Qnyﬂe promoter to control to timing
of expression, a constitde@)@o[ér .rorb)@@us expression, or a stable promoter for

long term expression. gﬁfb‘vcér that ala.vl's g 6gh levels of protein expression

and tight regulation is prefen'ed for, ex;é:sswn of toxxc roteins, such as the RIP toxin

variants and the hgand ox n v pro 1 & erem Examples of such vectors are
known in the art and ml:lum foxte)hr@e, PET vectors, as described elsewhere herein

and in the Examples, vﬂ@tvxh@d@:ally regulated promoters (e.g. nirB) and L~
rhamnose inducible veﬁre‘rhié iareﬁpresse(FE‘(j)rqucase (pET vectors are
commercially available from Novageni Debinski et al., (1991) Mol. Cell. Biol.
11:3:1751-1753; Debm% anmn]w@)’Cunche 52: 5379 5385; Debinski ez al.
(1992) 1. Clin, invest, VIS4 Qe ol (1T MVED cids Res. 19(11) 2889-2892;
Giacalone et al. (2006)Biffichtadd @ G)ALI363).

The nucleic acitterh)a'lg the )hlae‘),le also can be modified to contain

mutations in codons th: é ﬁe anﬁx dq thgolypepude such that codons that
are rare in the host in which the polypeptx e 15 to e pressed are mutated to codons that

are more common in thi Est,arﬁhﬁ a§x@the Q amino acid. Use of a higher
usage codon for a pam@X}@f @&k A duction of the polypeptide by
improving the rate of trashldx of the polypeptide. Codon usage frequencies for

particular hosts, such ajsarcteéaqi‘fét the art and can be used to generate

optimized nucleic acid: encode txdes provided herein.

18 In vitro and In mfAss@s to s re activity of Toxins Conjugates
Generally, the Iaﬁloxy W vdaeuprem exhibit toxic activity

against one or more ho@:flls axé@ﬂ]nt aﬁg)a'_rtreeher activities such as via

virtue of their ability mrarﬁtéxf bédd)f cell sm&caﬁepmr As such, the conjugates
are candidate therapeutics. If needed, col gates can bi screened using in vitro and in

vivo assays to monitor b @n‘nfﬂxﬁ&x
in he

presence or
absence of a

Xn,
1 nht hi + Ar

onjugate and to select conjugates
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pol j pepti des
provi ded
herein
that exhibit such actlvxiy ﬁc Ct10 aljaexj fotﬁsgng any conjugate provided herein

include any assay to de e if ﬂ;Ff plays activity towards particular host
cell targeted populanons Su% activities nclude ‘but are not limited to, toxicity assays,
including cell-based toilcg &sl}yneceptor binding assays, cell internalization assay,

and chemotaxis assays\Falferj a @ploS vivi models is known or can be
designed to assess the 1fchtsga)ﬁtdll_ar Rln IF) specific disease model.
1. In vitro assay
g = ased oxicity Assays

Conjugates pro)(d@{erlm@ﬂlte&d for their toxic activity to host cells, such
as due to their N—glycn@[se@&hiy, d@)@o test toxic activity are described in detail
in Section D above an(*i]]@fs, 9‘1 arnmt limited to, assays to assess protein synthesis,
depurination of ribosorm 1 or vf:b&t{, of the host cell. For example, the
host cell chosen for toxjc activity assessment can be one known to express the targeted

receptor. Such cells call 1HperthQVblau&grecﬂy from a subject, i.e. from the

blood, serum or other ttmhﬁrce or any cell line known to express a cell surface
receptor. Such cells mﬁfe gldﬂ el‘E [I‘he:ﬂs can be activated in vitro by any
number of stimuli and/&é be. bﬁnél directly from a subject having a disease or
disorder, in particular any inflammatory dlsease. or djsorder characterized by activated
leukocytes or other cel]gQ EMTQQQ it d@gan be tested in toxic activity
assays include, but are ptnlr@éd tl), alﬁldme cell including, but not limited to,
monocytes, macrophagh eclimeg alnclar macrophages, microglia, kupffer cells),
dendritic cells (includirig iﬁnt(trre e dendritic cells or langerhans cells), T cells
(including CD4 positive such,as, but n t Lmnted to, Th1 gnd/or Th2 cells, or CD8
positive), B cells, eosm%ﬁj bgogi lnanle, 1 killer (NK) cells, neutrophils,
and endothelial cells, oacthVeﬁGrL tﬁrof. Other cells that can be tested for
toxicity to a ligand toxivm.)ntlgh include, for example, cancer celis or cancer cell lines

such as U251, HT-29, criked.above, cell survival (or cell death) of
P T
cells can be determined, for exay ﬁ)le by the ability to re%ase ATP into the culture

not limted
to, a strong
pronoter for
hi gh | evel

nf
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a. Cel | - Based
Toxicity
Assays |,
Conj ugat es
medium, by the ability 3‘ relbtﬂﬁduatg dtal dye MTT, and/or via the ability to

exclude the dye trypan bh

b. !’1 %}E}r%llnﬁ[& Asgyaami Internalization
Ligand-toxin cchl@atesrsu@ S Inyeidmkme toxin conjugate, for example,

any LPM provided herfmaﬁamug h@ﬁef SA1 moiety, are designed to target a cell
surface receptor on onTJrG% r,areted host cells. Toxin conjugate binding to such cell

surface receptors can be asseiscn dlrectly by assesging binding of a toxin conjugate to

cells. In some exampley, ing ol to uc _] fa monocytes, macrophages
(including alveolar mach@a&a mxc:Cgﬁ) T kel (ineluding Thi and Th cells), B

cells, eosinophils, basow@ﬂnnék@;, kPf§ cells, mast cells, ratural killer (NK)
cells, neutrophils, and ﬁlﬁ]@'al otllﬁan bf d'ﬁfé:inef If desired, the cells can be

activated first with any wn a tivating 6ent in orgler to induce the expression of a
receptor; such as often occ amma ory andapathogemc conditions observed in
various diseases and dlsr@rs ﬁ)gftpcl'fomlngthymdmg experiments. The cells
tested can be cell lines A@@a;ylSenvEd @m any suitable donor isolated directly
from the donor or cultuLdCyg term utdmtiities to induce the appropriate cellular
phenotype. In some ex; e Etl\te Xiays beémployed with the cognate
non-conjugated ligand {0 assess the acivi he, toxin conjugate compared to the
ligand. For example, i @&ﬁxﬁ&ljljgagﬁl\Qd 1slfeQd (containing the chemokine
MCP-1 conjugated to a@@tea}xli MCli—l Blone can be used in competition assays.
In one cxample,geﬂit' (if t@iﬁonj@tes to bind to a host celt known to
express a specific cell sgfﬁeé? ?Esassed by labeling the conjugate with any
known detectable agent, such as but not limte ﬂuorescent moiety, a radioactivity
moiety, or a tag polype!)txn(g FIQ gag, my Q For example, toxin conjugates
can be labeled with a fighFsdrt mﬂe@i\ch as fluorescein isothiocynate (FITC).
Increasing concentrati0|1s Pf \F‘!‘F‘I'{C-@f*d ttxig(;njugatc can be added to any
desired cell type and malgeéaaygr a rtes'ﬁuated time, for example, 30 minutes or

1 hour. Upon washing of the cells t0 remove any unbound toxin conjugate, cell bound
fluorescence can be me%(ﬁy@l@%ﬂometry‘ In some cases, the binding affinity of

pr ot ei

synt hesi s,
depurinatim
of

ri hneAarnmne
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25 can be

| abel ed with
a 158

fl uor escent

the toxin conjugate can etermingd by co i binding affinity of a ligand to
ORIy et .

the ligand toxin conjugate by dividing ion of the toxin by the

concentration of the lig%at give equal mean fluorescent values in the flow cytometry

measurements (see e.g,fﬂorﬁﬂ@ Bt e@)@)@bten Engineering, 14: 1035-1041).

Additionally, if desired] theppijity Htpe oe (yqugmo be internalized by cells can

be assessed by compa.ri@ Lhecwrt? at 4° C versus 37° C. The incubation time can
Xi

be adjusted to ensure thEt the Yoxin conjugates are not toxic to the cells during the 37° C

incubation. Other methi dngs.tes@x@§dlng|1\gr}temalization are known to those of
skill in the art and inclu@emrﬁ Mel tcaxte d r‘aioactivity, cell-based ELISAs,
and other such assays. N G of t h e
' ¢ RrCErEbel ed

‘Toxin conjugates; in particular any one or more of chemokine toxin conjugates
such as any LPM conjuﬁat .'dJ:ilherein containing a modified SA1 moiety, can be
tested for their ability t&Gerﬂije thd geaataxeof cells using conventional chemotaxis
assays. Sucha detexmi@tal@rrebeevithadl@iedhe chemokine to bind a
cognate chemokine rec?tﬁ In acﬁa?ays, the migration of leukocytes, including
activated lenkocytes, canbe induced by chemokines apd measured by counting cells that
migrate through a ﬁlter@%§r!mt[;le%£n gaﬁztr [e‘t up (see e.g., McDonald ef al.
(2001) DDrugs, 4: 427-4&2)/ ﬂr%am&eﬂx@ldesired cell including but not limited to
monocytes, macmphagis ﬂ(@@hl&@a@@opha{s, microglia), T cells (including
Thl and Th2 cells), B cﬂ_ls, eosi@hilf, l@(iphileaiendn‘ﬁc cells, kupffer cells, mast
cells, natural killer (NK) gells, neutrophils, apd endojhelial cells can be plated into the top
well of a modified Boy: en.ech§m eg!\]c?itl

from any suitable donoIisl)lammctly foe donor or cultured long term under

conditions to induce th@ﬁr@rﬁf@*lu@ Phem)a)@ The lower chambers of the
Boyden chamber typic:*lyﬁﬁaat.ﬂtégxediﬁllecntaining the ligand chemokine. In
some cases, certain cellg arg constitutively agtive and can migrate without any specific
exogenous stimulus. Slfc]h ceif!l nclude, for Qagp e, THP-1 cells. Hence, if THP-1
cells are used in chemom@ag ;'L,I ncnxgenoQ hemokine is required, and the effects

the cells to
renmove any
=hound train
conj ugat e,

~aoll hAairinAd

15 Cal be cell lines or can be primary cells
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2.1n vivo
Ani mal
Model s f or
Testing of
of the chemokine conjl%a?:e'c@ ﬁér: té.ulacﬁggells present in the bottom

chamber via migration inactive cells femaining in the top chamber (McDonald et al.
(2001) IDrugs, 4: 427-442).” e or both of the top and bottom wells of the Boyden
chamber can be treatedc'@ mouutgsaltatﬁSf the chemokine toxin conjugate.
Following incubation opf n@%[n de@l@:s, 1 hour, 2 hours, 5 hours, 10 hours, 15

hours, 24 hours, or molh @Inuénfr ‘ﬁcells mgaa \Ceﬁf the chamber (or present on
’

the filter) can be determined. The effects of the chemokine toxin conjugate on the cells
in each of the respective chambers canoe determined and compared to control wells not
containing the toxin cog.lglle‘ %pﬁe‘p;)flced #oone or both of the chambers
and/or the absence of r&@ﬂ}acﬂy}a@aﬁ [ ] dttom chamber indicates that the

chemokine toxin conjutato’s aca'ﬂe against the target cell population.

2. It vivo Nﬁlﬁ ofelf fo(r) '1'esﬂngf I&Tjugates

The conjugates provided herein, sich as any polypeptide conjugated to a modified
SA1 or active portion tglg()f inaxalg, t{)r Ma%ple, any LPM conjugate provided herein
containing a modified ﬂoﬂbi{tyj capf hsed to treat diseases in which chemokines
and/or receptors thereftr h evpl\ée fnplicatcd. Particular conjugates for particular
diseases are described incrfjlc(ineg Clgl ilﬁh art can, if needed, test conjugates in
well known models to confirm or identity conjugafes for use for particular indications.
Animal models of diseﬁqu well glgsﬂa' o:ﬁsyinCtha any animal model of
inflammatory diseaseswéﬂaﬂyf di&lesiimﬂdg activated leukocytes or cells that

express chemokine rec@t@ﬂlj:eraigl'afe @tes, are contemplated herein to be

treated with a ligand-t 'rrcc@"gafe, Séxilgg the activity of the toxin conjugates in
such animal models cap confirm activity and/o
for treatment of a parti 1§£se§l m_rclondi_;l'o ontemplated herein.

Ligand-toxin c@j@ﬂstpraiheﬂ&eiﬂigluda any LPM conjugate
containing a modified mi:tyfal%o @e}e te@Arnodels of diseases for which
other conjugates have e ch gs for e; e mouse xenograft model to
ot conjues e TR,
identify anti-tumor actjvity (see, e.g., C‘la et al. (1992) Cancer Research 52:227-230;
Houghton ef al. (1982b' cer H@% —53;, dien et al. (1981) Cancer

treat &execs
i n which
chenoki nes
and/ or

roraoant Nnr o

o identify those toxin conjugates sujtable
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20 readily
accessi bl e
and easy to

(Philadelphia) 48:10-2@@@4}}191:[5’ (lll. @9&3)%2. J. Radiat. Oncol., Biol. Phys.

9:871.879; Stastny ot UGG e Res. 53:5740-5744),
Animal modelSot sqle@mt c@chates]ﬂ»{treatment of mammals are well known
and there are numeroutxﬁfxia‘]ﬁ% lljnsidition, the roies of activated immune

cells in these disease statf have been Fmﬁ’imi‘mé emplary models for such diseases
Ui 3

and conditions include§) a!‘e not Lmite thosg m the following discussion.

a Qhud ey bl |

Models for test@fan@)léﬂm&;lﬁ@ﬂcﬁvﬂy of the conjugates herein for
treatment of SCI are kxﬁaﬂtsﬂesr oékill in the art. Exemplary references that provide
and use animal models iécggc be geﬁtaest ligand-toxin conjugates, such as
LPM conjugates containirg a itled SA1 motety, include, but are not limited to, the
following references se[mlr hehdin-

Bennett et al, (199F) G4sti@ RSBt sobraldpinal cord injury, 7.
Neurotrauma 16:69—84% fat @)deltof eﬂe:, spasticity that is minimally

disruptive, not interferig gﬁth b@gﬁg‘;ﬁ ?r }@Lamh locomcFor function. Spinal

transections were made at fhie Sztl and, thus, only affected the tail musculature.
After spinal h'ansecﬁonyMe r&.\s 1ts oLh V@rﬁnacﬁve for 2 weeks. Following this
initial period, hypertonﬁﬂﬁeﬂexia, and clonus developed in the tail, and grew more

pronounced with time, a;kse@e@ er ﬁﬁ«ywmm rat, since the tail is

readily accessible and :fﬂulae Muscle stretch or cutaneous stimulation of the
tail produced muscle spasms dnd marked, increases in muscle tone, as measured with
force and elecu'omyogr!phgrgtgggﬁ\’llhgtg §1l'was unconstrained, spontaneous
or reflex induced ﬂexch}%r s;tash Qiled the tail. Movement during the spasms
often triggered clonus intth&iad I)f the YAJOKBe tail hair and skin were extremely

hyperreflexive to light tl)lﬁb‘ EWuIcka?t cﬁtét, and at times clonus could

be entrained by repeate(ddontact of the tail on a surface. Segmental tail muscle reflexes,

e.g., Hoffman reflexes (Hflexes), were measured before and after spinalization, and
increased significantly ﬁmﬂ&ﬁmi@.@&&mhs indicate that sacral spinal
rats develop symptoms Opasticfty e@l }mel)@ with similar characteristics to those

I nduced

fl exor and

ext ensor

spasmns

~nt l ad + ho
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st ai ni ng

afl n
reveal ed
reactive

seen in limb muscles ofthtﬁzins ﬁlﬁsgt?l ior njury, and thus provide a convenient
preparation for studying this ¢or i nﬁ
Taoka et al. (ISM pinal corp Juug§t;e rat, Prog Neurobiol 56:341-58,

provides a review of th@fth@)gc%a%xﬁlﬁﬁf,tmuma-mduced spinal cord injury in
rats to finther developr@laf n{v ihe@)ﬂt'c @ﬁg‘esypinal cord injury induced by
trauma is a consequenca)tan inWés‘gal insult and a subsequent progressive injury
process that involves vq\i d Fathoihemwal fven leading to tissue destruction; the latter
process should therefore bg a target of P armacologw treatment. Recently, activated
neutrophils have been sho % be }ﬁrSeli uglnatter process of the spinal cord
injury in rats. Activatell ui:ut{o;ﬁls dﬁ:{gbﬂbr@)lﬁelial cells by releasing
inflammatory mediatorelfh as neutrophil elastase and oxygen free radicals. Adhesion of

activated neutrophils ﬁﬁxéqtb bﬁ 1 afso é_ §1 éa role in endothelial cell

injury. This endotheli ifyury codld in turn mace microcirculatory disturbances
leading to spinal cord 1&]}5“:1 Go[nngleullc @ents that inhibit neutrophil

activation alleviate the W&k sturbances observed in the rat model of spinal cord injury.
Methylprednisolone (Ng&? ag f)Ml Wl@n:a Inﬂchlare the only two
pharmacological agen\yum: lfal axgbﬁ ip{ d‘l‘eatment of acute spinal cord

injury, do not inhibit nelitrpphil gctivatio m this rat model. Taken together, these
observations raise a poéMm Lbf l-hz\enacologlcal agents that inhibit neutrophil
activation used in con_]LamlﬂlniS or @/fl ganglioside can bave a synergistic
effect in the treatment tt" qausag mxel cord injury in humans.

Carison et al. (1, i response in spinal cord following
ar

impact injury, Exp Neurol 151 77~ xa.mmes th rostral-caudal distribution of
neutrophils and macrop@i ogh aﬁ,\{, § and 48 h after contusion injury to the
T10 spinal cord of rat (Eg(vpgilt &&Sdmﬁ) meuﬁophlls were located
predominantly in necro@fegmns, with a time course that peaked at 24 h as measured
with assays of myelope; j)?daes gctiviﬁ(f/fflo)a’[ihfﬁﬁest peak of MPO activity was
localized between 4 mm rostral and caudal to the injury. Macrophages/microglia were
visualized with antibod! Eeng[my ED1 and OX-42. Numerous cells with a phagocytic
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ndi cate
t hat
hypervagcul a
fizatian of
morphology were presTlt Hg h, rvitéagqheijﬁber by 48 h. These cells were

predominantly located within the gra matt and dogsal funiculus white matter. The
number of cells g:adually§eclmred i m§ tral and caudal to the lesion. 0X-42
staining also revealed 1ta¢£i)ze HSI%Q Qtndlargc%cs particularly at levels
distant to the lesion. Tl:pr@ttneh@xltcrfs/@cadha was significantly correlated
with the amount of tiss‘te faxtage at each level.

Expression of pro- mﬂarrﬁa rh i’t()klre and chemokine mRNA upon experi-
mental spinal cord injury il niouse: an, in s1 ybridization study, Bartholdi et al. (1997)
Eur J Neurosci 9: 1422J38mesm$¥lalstlm/a' he expression pattern of pro-
inflammatory and chen@a@eﬁd cytiakiiasjin 2] F)qyimental spinal cord injury model
in mouse. In situ hybrigh vS gorvsb;* nyscnpts for the pro- inflammatory cytokines
TNF alpha and IL-1 as we 1P 1 MIP-1f are upregulated
within the first hour followmg mjury s eary phase,Ahe expression of the pro-
inflammatory cytokme! 15Q§Q(Q)rv]e§ §t§ surroundings of the lesion area
probably resident CNSEe]h &l{ile TR ol is expressed in a very narrow time
window, IL-1 can be dqtezéc] ma*ct]ndwhed mysubset of polymorphonuclear
granulocytes which immiggate d 6 h. Message for the
chemokines MIP-1a and iﬂs expréj“s ?Jm a generahzed way in the grey matter of the
entire spinal cord arounGJ‘t and etjggg-l restricted to the cellular infiltrate at the
lesion site at 4 days fo]p&[nd. inlmfheyata indicate that resident CNS cells, most

probably microglial celmh&mﬂemmamry cells, are the main source for
cytokine and chemokinr nﬁj ayfm cﬂ(fcme pattern observed indicates that
the inflammatory events upo lesmmn CNS are tightly controlled. The very early
expression of pro-mﬂatl;m (th,mgclne essages can represent an
important element of m&%ﬂﬁﬂrﬁlaﬁﬂory cells.

Morphometric Wsi@ oh)looli v@§ s chronic experimental spinal cord
injury: hypervasculaﬁtyatld ra very of function, Blight et al. (1991), J Neurol Sci

106:158-74, provides a model of spinal cord trauma in guinea pigs, based on compression

to a set thickness, whic{w@ @sQiMc_grtvM!sly.Q mpression injuries of the lower
function_
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of
TUNEL- posi ti

vc glial,
coil s was
thoracic cord were protﬁ(‘d-'tn é ﬁsth?ﬁzﬁl, adrlt Hx’ga pigs, and the outcome

monitored, using successiye behavioral tests and morphometry of the lesion at 2-3
months. This report describes clianges in the vascy ‘tar% of the spinal cord, based on
light microscopic analypsef h Jllcglhﬁl[ uaJ erse sections through the center of
the lesion. Mean blooztv@el (ﬁn*ﬂ'@ these lesions was approximately twice that

found in equivalent regfoxexgxrrﬂwinjlgﬁﬂlal cords, and hypervascularity of the
white matter extended af fo ingl-cord segments granially and caudally from the
ERL BN NG AL

lesion center. Capillarj diatnéter d ion cantly shifted to larger values

and large perivascular pa@s@% ded most capillaries and pre- and post-capillary
vessels. Extent of hyp&&\/a@fwarlot correlated with the overall severity of the

injury, but there was a miﬂi;axlt pi)siﬁectree'fngetween the density of blood
vessels in the outer 400my thetwlﬁe ﬁer and secondary loss of neurological

function below the lesion, seen Wetween one day and eight weeks after injury. These data
indicate that hypervasctla.tlﬁon ﬂ@l§i!m Qrmted to secondary pathological
mechanisms in spinal rﬁ&m, ﬁﬁbly inflammatory responses, that are relatively

independent of the prirﬁpx@ptcaegr'y b mcagsely connected with loss and

recovery of function.

Increased levels of the excitotoxin quinolimic m in spinal cord following
contusion injury, Blighmsl 993), Brain Res 632:314-6, shows that products of
infl oy phagocye‘l i, dmﬁds tobyndary pathology following
spinal cord trauma, ame*:sgse {uqy (@ﬂ'fying the levels of the neurotoxin and

product of activated mafﬁp}ff% g]{flﬂlp id (QUIN), in the lower thoracic spinal

cord of adult guinea pigs 5 days after brief com redsion injury. At the injured site (T13),
elevations in tissue QU%%V&ISV@J—&I‘J ac(g’éanied proportional increases in the
activity oﬁndoleammeb,ydimﬂuﬁ b B@fnd the concentrations of L-
kynurenine (> 2.5- foldg tn @.Fam 1.10 ﬂgicam changes occurred in two uninjured
regions examined comwd ‘o cf)ng)ls, namely cervical spinal cord (C2) and the
Hoechst

33342 dye,

and by

exam nation

of DNA

Nnronar oA
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Forbes et al. (1%‘]), Ici‘(gnér of\neutrophil adhesion does not prevent ischemic
spinal cord injury, Ann Thorac Surg 58:1064-8, reﬁ on animal models to show that

paraplegia can occur a sient goltic BeCh s a consequence of primary

ischemia to the spinal AM ot nk}y dtmg& reperfusion period. In animal models of
ischemia/reperfusion ﬂaﬂ@@aepharm@@n injury can be modulated partially
by neutrophils. The efﬁfy of the neutrophil adherence blocking murine monoclonal
antibody (MAb 60.3) was assesged in spinal cord ischemia/reperfusion in rabbits. Spinal
cord ischernia was accomplished b; Mf occlision of the infrarepal aorta.
Neurologic assessmentgg ratled& noJmJ,]parttal gl%logic deficit, or complete
paralysis. Electrophysiol@j. nbjlfurwith @N@?sory evoked potentials was used
to determine the optimil lﬂﬂ i)f @atocic] {opy Animals were treated randomly
with 2 mg/kg of intravin s Mab 60.33 % olution (n = 9) with the

investigator unaware of treatment. Mean occlusion times were no different between
groups (control, 32.7 +r ﬁdnut T sMAl D+~ 6.0 minutes). Five (55%)

saline-treated and four G@WE@S-@J&W&IS Bcame paraplegic. Animals
with initial paraparesis lalle‘?gresed io th;cidt)aﬁ)@a within 24 hours, The study
concludes that spinal c r THE occlusmn is independent of the
CD11/CD18 glycoprotein comjeﬁm n in this setting can occur
during ischemia and th§ Maﬁl[t] ﬁn neutrophils or reperfusion.

Liu ez al. (19978, Wer@lal tnﬂ]atpdpt@s after traumatic spinal cord injury, J
Neurosci 17:5395-406 Icﬁxmaef ﬂﬂspix%l)ﬁrils tﬁlg}s .subjected to traumatic insults of

mild to moderate sevexr?' V‘Y ild"weight drop impact (a 10 gm
weight falling 6.25 mm), peurons in thc xmmedlat mpact area showed a loss of
cytoplasmic Niss] subs ‘Lsa)Q:r the next 7 d, this lesion area expanded and cavitated.
Terminal deoxynucleod)&mﬂﬁmﬁnaiﬁt@@xmidine triphosphate-biotin
nick end labeling (T[Wsitixf neurons were noted primarily restricted to the gross
lesion area 4-24 hr aﬁeé‘r}]{l agxll ﬁsence at 8 hr after injury. TUNEL-
positive glia were present at all smges studied between 4 br and 14 d, with a maximum
presence within the Ieslonaea mtmsury gven days after injury, a second wave

astroeytw
fol |l owi ng
trauma to
the rat CNS

\AMAna ol ot
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Model s for

testing and

denonstgatin

activity

of TUNEL-positive glibclellav’r‘s léted in the white matter peripheral to the lesion and
extending at least several millimeters away from the lesion center. Apoptosis as a
mechanism was evidende )te ctglgirogg, as well as by nuclear staining with
Hoechst 33342 dye, am{ b&faﬁﬂm (dij p@pared from the lesion site.
Furthermore, repeated ibhf.p@tail ﬂ@ﬁt)f cy@lfeximide, beginning
immediately after a IZﬁgl‘jﬁgbﬁlﬁréﬁtérﬁgef a substantial reduction in

histological evidence of cqrd damage and in Totor dysfunction assessed 4 weeks later.
The data support the hyp stis thatapoptosis dependent on active protein synthesis
contributes to the neura J aIS @aaeikﬁg, 3s well as to the neurological dysfunction,
induced by mild—to-mosrblt@hity a\@aticénﬂa)the rat spinal cord.

Exemplary resua rf eLPEk(ﬂlw a nt)dbof spinal cord injury is set
forth in Example 8, whi hﬁn(gsse)émphgl sults of LPM1d in a spinal cord injury
model. Other LPMs, such as any provided
a modified SA1, also caS tht[dln sim]]ax[alasayt. ncﬁresults demonstrate that LPMs
can be used as candidatafertpepﬁcs for treatment of spinal cord injury.

b. PEx)eWivaiise s, including traumatic brain injury

and stroke .
Models for testia 2V} dmlrating activity of the conjugates herein for

treatment of neurodege‘fmd eeiass suc@ftraumatic brain injury and stroke are
known to those of skilt g tl:fc’lhExemplary references that provide and use animal
models of neurodegencatilve %isegazés., éucé ]éaumaé:[ b:ﬁin injury and stroke, are
provided. Such models Can be uséd to Tonfirtn or identify ligand-toxin conjugates, such
as LPM conjugates congxing\a(rldh{iﬁfd woiety, include, but are not limited to, the
following references se?lfclﬂ@e@ie no d e | S

Ghirnikar et al. é%hchsb)éne ewgs'éxdl rat stab wound brain injury, J

Neurosci Res 46:727-33, dgscribes 6at trgumatic injury to the adult mammalian central
t OOt

erein containing a chemokine conjugated to

nervous system (CNS) results in reactive astIog_Eosis and the migration of hematogenous
colls into the damaged atiral lis!su ( irks IreYhcognized as mediators of the
inflammatory changes €:Qdak FAIp@J@UEiv@ Fhe expression of MCP-1 had been
the use for
treat nent of
neundegener a
tive

Al ecaoncnce Lo ) =~
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I nvest 113,

788-94

(2004) ;
demonstrated in traum (1996) J Immunol 156:3017-3023).
Using a stab wound my lmc amilﬁml;jn gressmn of two other chemokines:
RANTES and MIP—lﬁFeEleg E‘iudl d
characterized by widesgqadgligiyaﬁd ﬁ&ﬁon of hematogenous cells.
Immunohistochemical €ta21@ @141}:! t"he pr@rré];d’ RANTES and MIP-18 in the
injured brain. RANTEHldéiP-H wﬁbﬁh diffusely expressed in the necrotic tissue
and were detected as eggly as 1 day pogtain Double-labeling studies showed
that MIP-1B, but not HS, Was eMsg t éactlve astrocytes near the lesion site.
In addition, MIP-1p stz jvas a i 'ed O macrophages at the site of injury. The
initial expression of th chkxg%)s%y 9orrel;';,h@| the appearance of
inflammatory cells in ﬂej ﬁrg«é:tls ixiii:ging that RANTES and MIP-1p could play a
tole in the inflammatory events of tragmatic brain injury. This study also dernonstrated

b wound injury was

MIP-1f expression in reaciive astroCytes folxwmg trauma to the rat CNS.

Wang et al. (19! ﬁ’tolm&e(ﬁssmn of interferon-inducible protein-10 in
ischemic cortex after mebagAc@.\siox} oJ @} cerebral artery in rat, J
Neurochem 71:1 194~2(b fwes ée role tb[t]}e in focal stroke, and studies
temporal expression offP]j] én%%aﬁﬂ ion of the middle cerebral artery in rat
by means of Northern apalysis cxpressmn after focal stroke demonstrated
a unique biphasic profile, Qtn a%ed Q se early at 3 h (4.9-fold over control; p
0.01), a peak level at 6 m4yfpl[ P @()ai after bq@mn of the middle cerebral
artery, and a second waivc ﬂt{gcllouﬁf dnsg‘er ischemic injury (7.2- and 9.3-fold

Of

increase for 10 and 15 axg;isc ely; 01). In situ hybridization confirmed the
induced expression of IP-10 mRNA and rgvealed its spaual distribution after focal stroke.
Tmmunohistochemical Qe!m‘}ij:mA{stratz 1 n of IP-10 peptide in neurons
(3-12 b) and astroglial &]&6 h5 15 y;@ a‘xe&)emic zone. A dose-dependent
chemotactic action of IHIMC6 #Iia&tllsexd enhanced aftachment of rat cerebellar
granule neurons was deco The U‘Adlcated that ischemia induces IP-10,

which plays a pleiotropit role In prolo§fned lenkocyte recruitment, astrocyte

migration/activation, a:M xglarrat‘& entgml§tgltet focal stroke.
t hat present

di fferenti al
prognostic
and

Al aAnnct i ~



20

25

WO 2008/080218 { i i { pcmcazoomonars
nodi fied SAl
ni ddy,
i ncl udeg,
but is not
Galasso et al. (199?), IEﬁcitttoé: dain tnnﬁ stimulates expression of the

chemokine receptor CjRS in neonatalrats, Am écath.ol 153:1631-40, evaluates the

impact of intrahippos ihjections of Ni h CCR35 expression in postnatal day 7

rats. Reverse transcrip! hgin rehlatevealed an increase in

hippocampal CCR5 mweﬂxes n 2@8&3@'83’ioning, and in situ hybridization
analysis demonstrated 1215)?\5 Wfiwaeeﬁressed in the lesioned hippocampus and

adjacent regions. Westgl blot analysxs monstrated increased CCRS protein in
hippocampal tissue extrac s aﬁer go ng. Complementary
immunocytochemistry LtllSeEdenui inﬁaatmg microglia/ monocytes and injured
neurons as the pﬂnciparcwi@ﬂﬁ'eacﬁve cells. These results provide evidence
that acute excitotoxic % 1es CCRS expression.

Vannucci et al. model of perinatal hypoxic-ischemic brain damage, J
Neurosci Res 55:158—6§usep lmmature 14 mol:l o gain insights into the
path is and bl & pgmﬁgschexmc brain damage. The model
entails ligation of one dldg @m fc@)ﬁyl@eafter by systemic hypoxia.
The insult produces pe*m‘nett l.]ypsuc-l hﬁlc mage limited to the cerebral

hemisphere ipsilateral

vysmn ThlS model is used in
investigations to identi erapeutlc s ategles preven it minimize hypoxic-ischemic

brain damage.

¢ ﬁmMrd&gdiseases - Alzheimer's Disease (AD)
Models for tesn@'ﬁmf delestrarng‘fwé Se conjugates herein for

tr of neurod such as (AD) are known to those of skill in the

art. Exemplary animal model(s)qf such diseases are provided. These models can be used
to confirm or identify )ng fJ_rjug @1 eﬁr&t of neurodegenerative diseases,
such as Alzheimer's di@{a Qi¥A I:ardﬁsd to test ligand-toxin conjugates, such as
LPM conjugates contaihreq‘mei'rleﬁAl im(]iqty, includes, but is not limited to, the
following reference setlf ﬁ\ re

Hauss-Wegrzyniak et j98) Ch.mmc infl ion in rats reprod
components of the neuxlm Alzhcﬂlgr sﬁxsease Brain Res 780:294-303,

provi ded in
Exanpl e 10,
2)
Leukocyt es

T nvunl vved 1 nn
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O et at,
Arch Neno(
62, 162@-3
(2005)

describes that inflamm: 9 F]m thé;fthogenesm of the degenerative
changes and cognitive jmpai e ts associat eimer’s disease and describes nse
of lipopolysaccharide (ED ) the jellﬂdl%egaﬁve bacteria to produce
chronic, global inflamnlacioh A0k bhain ofyd@ats. Chronic infusion of LPS
(025 pg/h) into the 4th@efirlego(Fdir @pfis produced (1) an increase in the pumber
of glial fibrillary acidic, iaspasiive activated astrd and OX-6-positive reactive
microglia distributed thptg‘fl]é:s;hseébmmﬁv‘fth th T rré:increase occurring within the
temporal lobe, pamcul@ th§npb p X (2) m
necrosis factor-alpha ald tnla-a[l precursor protein mRNA levels within the basal
forebrain region and hip(altlpils, e)n{dgcneraﬁon of hippocampal CA3 pyramidal
neurons, and (4) a mgmé:% gfaléigtg spaﬁii mglw as determined by decreased
spontaneous alternatios beha a T-maze.

Numerous othe: A ]Ihs§se detls including rodents genetically
engineered to express t§ &M@tﬂnﬁ ahuman gene involved in production of AP in

familics with carly onsq@A@Heithers @dapt; ofe IBu@n@nd available to those of skill in

in in interleukin-1 beta, tumor

this art.
' ant i gens
d. Multiple Sc msns-
Multiple sclerosis é) is"an mﬂammatory disease of the central nervous system
{CNS) characterized byl loLalﬁ f detx)Qna‘uon. Immune responses to myelin

antigens contribute to f@%@@@;fssb’lalta ilet@aﬂneous chronic autoimmmune
disease characterized b_‘aﬂarkedlinﬂ@laﬁon 1oss of oligodendrocyte myelin sheath,

neurodegeneration, gliosy %aglé % %{:e e.g., Bruck, W. & Stadelmann, C. Neurol
Sci 24 Suppl 5, 5265-7 (!0 Stadelmann, C., Curr Opin Neurol 18, 221-4
(2005); Fox, E.J., Neurlos & 837 (2084, HOksR 7. & Ransohoff, R M, Trends

Tmmunol 25, 632-6 2oPyfe@iks, L., TeudFRC ., de viies, HLE. & Dijkstra,

C.D. Brain Res Brain Ret(e&'l 185»95 (29])5); Prat, A. & Antel, J., Curr Opin Neurol
18, 225-30 (2005); Llu,l q%lﬁ% uang, D. & Ransohoff, RM., Curr Top Dev
Biol 68, 149-81 (2005) et rnst Schering Res Found Workshop, 59-68
(2004)). The disease a}e@ Jppro €] Mo0D people in North America and 2.5

(1998);

Zi aber, Let
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million worldwide (see¢| , AH. & Stark, 1.L., Immunol Res 32, 85-98 (2005);
Hafler, D.A., J Clin Invest 113, 788-94 (2004); Sindern, E., Front Biosci 9, 457-63
(2004); and Steinman, t ! 1999?). The onset is normally between 20-
40 years of age, but th@ &rfonﬁfasladal i/ld intluyng cases of early (under 18
years) and late (over S(aﬂdmset that present differential prognostic and diagnostic
challenges (see, e.g., Kfupa b}i %Nfactlliﬁlt V@ Curr Treat Options Neurol 7, 191-
199 (2005); Martinelli, V. def r, M Moiola, L. & Coni, G., Neurol Sci 25 Suppl 4,
$350-5 (2004); StadehIann ru , W., Neurol Sci 25 Suppl 4, 8319-22 (2004);
Stadelmann, C. ef al., }GL@ Mﬁ—lﬂ t’ZObSﬁ) n

Approximately |85ﬁ of lIS“e)SeF bEdif pSelapsing-remiiting episodes of
impaired sensory mod: ltifré:ludingénpa' vision temporary blindness and motor
co-ordination. This ¢: e way. lsecon ]imgrsswe disease. Another form of MS

inue tyo§>ur until the neurodegenerative

is called primary progressxve elapses onl

phase takes over (see, ag.,Bruc & elmann, C., Neurol Sci 24 Suppl 5, $265-7

(2003); Bruck, W. & SGIDG . Qui@in Newol 18, 221-4 (2005); Fox, B,

Neurology 63, $3-7 (Z(w), ]E: RJ. &lznsohuﬂ" R.M., Trends Immunol 25, 632-6
(2004); Steinman, L., in Immunol 13, 597-600 (1001), and Zaffaroni, M., Neurol
Sci 24 Suppl 5, S279- ;Na 3); I(n)xmu m%c, and environmental (such as, viruses,
bacteria) components al é}ﬁcﬂtedl egel gy of MS (see, e.g., Zaffaroni, M.,
Neurol Sci 24 Suppl 5 (SZ@.@@))

A hallmark of Ipeﬂ)m 1twinte mattﬁlaques or lesions throughout the
CNS including the spis rd (; ruck W& Stadelmann C., Neurol Sci 24
Suppl 5, 5265-7 (2003?§1had\g ergl st Schering Res Found Workshop, 59-68
(2004); Fawcett, JW. har R.A., Brain Res Bull 49, 377-91 (1999); and Zhang, Y.

et al., ¥ Clin Immunol 8&5@44 HBaR foost }{gpplous leukocyte groups in
chronic active lesions &ac@l C(I:RT/CCRS*/CCRS*/CXCRE&Jr macrophages. Other

cells include B cells, T5|:11 d mlcrogl BE i’j'ﬂxé ceptor expression pattern. The
cognate ligands for these receptors Tare pri)duce in lesion surrounding astrocytes and the
participating 1eukocyleigrm Bam s ;Lelst T.P. & Kalman, B., J Neuro-
present
anti gens
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Stei nman, L.

Truads

| monol 24,
inflammation 2, 7 (200@ aa Hartley, O. Dubms—Dauphm M. & Krause, K.H.,
Brain Res Brain Res Rgv ZQ QZ 03); Galimberti, D., Bresolin, N. & Scarpini, E.,
Expert Rev Neurother ; &nd Putheti, P. et al., Eur J Neurol 10, 529-35
(2003)). Once in the &ﬁ&k&t lgrcm)! cguse immune damage via an armament of
noxious substances m(Bhn% reactive oxygen and nitrogen species; MMP; leukotrienes;

production of autoanﬁ%glii rﬁa‘af r)f ?rolnfiammatory cytokines and chemokines.

This in turn causes axqugl damage lesion formation and oligodendrocyte and neuronal

cell death, . .
D Magigi oni

In the EAE moR.th? demyelinating disease is induced in mice. Activated
monocytes, macropha igroghd and T ¢ responsible for the damage to tissue.
‘While the model in thiis-oag‘e‘]is E:? t::f a;:ﬂufec ; essive MS as opposed to
relapsing-remitting), it 15"in essence prior to gxace§atioﬂs there is an vpregulation of
CCR2 (the receptor forlexample, fo[&l\m ﬂQsequence of amino acids of LPM1d
polypeptide is set forthE?&b Ih]®|44) 01311:469 leukocyte groups, infiltration of the
CNS and disease. Herﬂ_e@elm_de'lfﬂiences treatments applicable to all types of MS.
An exemplary referencetl ! d uses animal models of multiple sclerosis that
can be used to test lxga\L-toxm conjugz‘tleé such as LPM conjugates containing a
modified SA1 moiety, 1 Q&[s Gltl is Qlﬂl@ed to, i al. (1998), Nat Med 4:78-83,
which describes use of Agdent ﬁtel, e;&tm;ntal autoimmune encephalomyelitis

(EAE) for studying MSPPa@SwinF\@tﬁ‘ienms of conjugates provided herein in
the EAE model are pmﬂ& ?1 Pixa le g C | I ]

2) Leukog: yteKnv:i &?LMS
In studies are essential in the pathology of human

MS and in the EAE mo&l% @4 amg éelg @014 arole (Cross, A.H. & Stark,
JL., Immunol Res 32, ?‘?S (20@3@4 ej etal.,J Clin Immunol 25, 254-64 (2005);
Mouzaki, A., Tselios, TPapgthanassopoulos, P., Matsoukas, 1. & Chatzantoni, K., Curr

Neurovasc Res 1, 325-<]§ (2004), Hep r, F.L. et gl., NatMed 11, 146-52 (2005);
Huitinga, I. et al., Clin ﬁ ‘p 31 (1995); Polfliet, M.M. et al.,
RI.,
Merrell,

canbi a,
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J Neuroimmunol 122, QHWble‘féFdﬁ al, Irﬁnunol Lett 96, 11-26 (2005);

Theoharides, T.C. & J Neuroxmmunol 146, 1-12 (2004); Chavarria, A. &
Alcocer-Varela, J., Aum gv 3,251-60 (2004), Kouwenhoven, M. ef al.,

J Neuroimmunol 126, {B1G 1 BWNR E}Jml M elaly/ Nat Med 11, 328-34 (2005).
Microglial cells are act&ﬁi@d p@lferate prior to the onset of EAE (see, e.g.,
Ponomarev, E.D., Shrigri L. Il\ﬁref ]( &%{ﬁfN J Neurosci Res 81, 374-89
(2005)). Microglia an hage deactlvatxon and T and MNP cell depletion
ameliorates the seventlzlgT see, €. g » ;QESIQ ef al., Nat Med 11, 146-52
(2005); Huitinga, L. e¢ &2, Bin ﬂé(phxﬁuml 100, 344-51 (1995); Polflict, M.M. et al.,

J Neuroimmuno! 122, (B@lo2lE @RI, Asensio, V.C., Campbell, L. & Brosnan,
CF., J Immunol 164, 2§(a'.51) (gOO); jan, A.J, Klein, J.D. & Brosnan, CF.

¥ Immunol 160, 5955-62 (1998); Baver, J et al., Glia 15, 437-46 (1995); Kotter, M.R.,
Zhbao, C., van Rooijen, y lin §,’ ., Neurobiol Dis 18, 166-75 (2005); and Tran,
E.H., Hoekstra, K., vad R&M}ﬁﬁﬁcyrl D. & Owens, T., ¥ Immunol 161, 3767-
75 (1998)). Studies ha\E syi‘p @S)eriﬂ.heﬂ matroh@s are pivotal for their
activation of T cells any ment of EAE (see, e.g., Polfliet, MMM. et al.,

J Neuroimmunol 122, 2002); Deloirg, M.S. et gl., Mult Scler 10, 540-8 (2004);
Imrich, H. & Harzer, Kb eur%nsm 1(9 pfﬂ) 001); Raivich, G. & Banati, R.,
Brain Res Brain Res R@Q dﬂ SV\&O(tt)h'ihcr&pleuon of B cells with Rituxan
(anti-CD20 mAb) in Mb @stt @RS mgm@mt clinical improvement (see, Stuve,

Q. et al., Arch Neurol @ Ef}\g-éio(\?)elﬁxleﬁon of PMN in EAE inhibit the effector
phase of the disease. mei nts cxprﬁﬁgh lgls of several cell-surface
antigens which is linked to exacerbation of the disease (s, e.g., McColl, SR. ez al., J
Tmmunol 161, 6421-6 (1568 Q) NV, Mediators nflamm 7, 335-8 (1998)).
Mouse studies indicateleQC_NM]\{ are p&@ $eors of T cell responses to
myelin and adjuvant mflgﬂ’ﬁ’ﬂﬁ‘fm case 1f Stounmune neutropenia was reported

in an MS male patient 3 al., Intern Med 42 102-4 (2003); and Zehntner,
4 5124 005)).

S.P. et al., J Immunol

addltlna t he
CCL2/ CCl122
ads i s noted

in | esions
nf A ’
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The

exXCL9/ 10/ 11

hear s/ sj nes

and their

Highly activate(bn'ﬁ' ﬁ ﬁ"tzagﬂm MNP and infiltrating MNP play several

roles in MS. Apart fros e'%ﬂtory destructive roles by releasing noxious
substances, they presetmg o
responses and further r&n%ep tel@zrld macrophages via chemokines (see, e.g.,
Deng, X. & Stiram, S., all‘l‘ K@l Nfig&iscay 5, 28§44 (2005); Behi, M.E. et al.,
Immunol Lett 96, 11-26“26{); @ivioi:, ﬁ & @F{E, Brain Res Brain Res Rev 46,
261-81 (2004); Nelson;§'£1 ma, . %& Z:: E., Ann Med 34, 491-500 (2002);
Zhang, S.C., Goetz, B.I, ara, J.LM un $l¢, gﬂh 34, 101-9 (2001); Izikson, L.,
Klein, R.S., Luster, A.]ﬁ& V&gner,yHL-,-Cliu Immunol 103, 125-31 (2002)).
Macrophages also are 1@41 111 ﬂ@}hla@’of degeneration in MS. Cellular

infiltrates are associated\wfjth axon: ¥ sions (see, e.g., Hendriks, J.1.,
_ VA mona ey Ep(ys ons oo o
Teunissen, C.E., de Vripsy HE. ijkstra, C.D”; Brain Res Brain Res Rev 48, 185-95

iltrating T cells to promote myelin specific T cell

(2005)). Phagocytotic and microghia destroy the axonal myelin sheaths, which lead
to patient dysfunctions (S§, @[@Q}ﬂ,@i lty,yO., Dubois-Dauphin, M. & Krause,
K.H., Brain Res Brain ]thv 48, IG-@@@.’; ISivich, G. & Banati, R., Brain Res
Brain Res Rev 46, 261-'qT 6 ); ifh, NBI, ve fer Maesen, K. & Somiera, F.P.,
T Neurosci Res 54, 68- 8)). Micypighia cagyingluce neuronal cell death and inhibit
neurite outgrowth as weJl a3 phagocylesing n-ezg:i apoptotic bodies (see, e.g., Munch,
G. et al., Exp Brain Re: lg, Q@Zﬁ ; ;md Stolzing, A & Grune, T., Faseb J 18, 743-5
(2000). Cartier, L,

Monocyte-derived Is d activated astrocytes also are involved in
the pathology of MS ("|e ,I]Z(gE,izzz?ng! Y.ef al.: J Clin Immunol 25, 254-64 (2005);
Behi, MLE. ¢f al., Irnm ol Lt 96,.11-26 (2005); Chavarria, A. & Alcocer-Varela, J.,

mh@ koS AU Nimun Rev 4, 549-54

(2005); and Zang, ¥.d el Mufkter 108099-506 (2004)). Activated astrocytes
release several chemokBF aa P‘?’Eme(}{t_or%_am;act leukocytes to the sites of

inflammation (see, e.g.B?mgﬂsirﬁE. eﬁngeuropathol Exp Neuro}l 64, 706-15

(2005); Andjelkovic, Iﬁ., Kerkovich, D,_& Pachter, 1.S., J Leukoc Biol 68, 545-52
(2000); Krumbholz, M- ra@J IExpM 281y495-200 (2005)). MaC release proteases

Rev 48,
16- 82
(2005);

Sor ensen,
T |1 ot at

Autoimmun Rev 3, 257
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Hence t hese
receptors,
armng 173

ot hers, can

that cause vascular penﬁaélityglg?lggirrhéiﬁnsiﬁon in lesions (see, e.g.,
E., IN

Theoharides, T.C. & Cochrane, ommmutol 146, 1-12 (2004); Pedotti, R., De
Voss, I.1., Steinman, Lh alli, S.J., Trends Immunol 24, 479-84 (2003)). DC present
antigens facilitating ac&ppf T lerrd lixe a&r@ion of disease (see, e.g., Greter,
M. et al., Nat Med 11, 8@4 (@@tEi;toel:hmp}g’fﬁssue is evident at the sites of
inflammation in the mea'ﬁgfs ofd{[bpﬁ' ntfu qufnigss of such patients contain B,

T, plasma, and DC cells, which repesel sa) humoral autoi y

and disease exacerbatilp (l;eepey, _Ee 1§,
E. & Aloisi, F., Brain e h,&k-?ﬁ](zo@y
In addition to Ivgle}I c@@tmil irﬂgxe complexes, B cells also occur in MS
lesions. Over 70% of aﬁlﬁ 6i0n1 c<1nt1in toxalement and antibodies (see, e.g., Cross,
AH. & Stark, J.L. Imntunol Res 32, 8i—98 (2005)). Clonally expanded antibody-
urd in the: f MS patients (see, e.g., Zhang,

1li, B., Magliozzi, R., Stigli

secreting B cells and centroblas
Y.etal,JClin ImmunQ IS, ZSImIO(ﬁ; Ziglfsen, T. & Ziemssen, F., Autoimmun
Rev 4, 460-7 (2005); (t)rh@ s @al., Autoimmun Rev 4, 549-54 (2005); and
Corcione, A. et al., Prola I\@lé@?&tljéf l§l, 11064-9 (2004)). Over 90% of MS
patients have intrathecalggclon i\nd increased amounts of antibodies in the CSF,
which correlate with episode; o§/l§

Immunol Res 32, 85—22'?%}) Tgﬁ:ylls are thought to be derived from a CNS

germinal center; the br@raﬂmiiiv@@ mia)ﬂdomnent for long term survival,
proliferation and the f(ﬁ?@g égoyioﬁygjtm)id sﬁxﬁnes. B cells make antibodies to

moyelin proteins (increaﬁ'nérpyelin-opso ization), present antigen and costimulatory
el el

N

molecules to T cells and ‘screase Tenkocyte recruitment. A study has found that a

proportion of circulatit_g' c;l;nramt &rﬂ% u:;tivated, but are continually
activated and become fhe@:8e of | iamﬂmmpqﬁtacks (see, e.g., Gauld, S.B., Benschop,
R.J., Merrell, K.T. & %tr’ Efyl‘fat u@fé,il 1ﬁ—7 (2005)). The B cells in MS
can be activated as they differentiate within the CNS.
3 TCSm@Jneém 4

I'nterferons

and Copaxone

sl ow t he

pr ogr essi on

of rhe

roal anct nA

rsening (see, e.g., Cross, A.H. & Stark, J.L.,
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bermpan: racis

m wer e

unchanged

t hr oughout
Chemokine-matsz?inésystﬁnof tlfindéaé receptors play pivotal roles in the

pathology of EAE andgj @system orchestrates the trafficking, CNS infiltration and
(Cti

aberrant inflammatory range of leukocyte subtypes in these autoimmune

diseases. Numerous cdllmﬁ:&ﬂlsﬁ reckp}clrs bave been identified in multiple

sclerosis lesions includf FOM1-RCX¢D 4 1DEKT-3.5 and CXCR1-3, 4 (see, ez
Banisor, I, Leist, T.P. éﬁl&n lbﬁ?r ojnflammation 2, 7 (2005); Cartier, L.,

Hartley, O., Dubois- Da H. Brain Res Brain Res Rev 48, 16-42
{2005); Galimberti, D.,"Bres hngj’iﬂ 1 E., Expert Rev Neurother 4, 439-53
(2004); Putheti, P. et ae L&M&tu&dés k2dth); and Raivich, G. & Banati, R.,
Brain Res Brain Res Rfv h,esl-zil (@§))Hfor example, CCR1, 2, 5 and 6 and
CXCR3 occur on CD3WNEF(E§] 2,3 and 5 and CXCR3 on foamy
macrophages and activated mxcrogha in MS Jesions (see, e.g., Banisor, L, Leist, T.P. &
Kalman, B., J Neuromj?ammRon %%51) Qanl:]er L., Hartley, O., Dubois-Dauphin,
M. & Krause, K.H., BrfhIReéeYhiORes @l s, 16-42 (2005)Galimberti, D., Bresotin,
N. & Scarpini, E., Expért SAReP . @9k (2004); Puthesi, P. e at., Bur T Neurol
10, 529-35 (2003); Rairicb(]i. @miﬁ ﬁ Bfiﬁ@Bmin Res Rev 46, 261-81 (2004);
Malamud, V. et al., J Neproitnmunol 138, 115-22 (2003); Pedotti, R., De Voss, J.J.,
Steinman, L, & Galli, Sql Trem? Igfmun% 24, 479-84 (2003); Serafini, B., Rosicarelli,
B, Magliozzi, R,, Stiglgn'o, f]zc.l@lsx, a Brain Pathol 14, 164-74 (2004); Corcione,
A. et al., Proc Natl Ace@@ b Wl wadzOM); Gauld, $.B., Benschop, R.J.,
Merrell, K.T. & Camblall-ﬁ ﬁath}eud) ., 118ﬁ2005); Bartosik-Psujek, H. &

Stelmasiak, Z., Bur J Nw- 05)).
Astrocyte-derived C and CXCL10 were demonstrated in EAE studies. These

chemokines trigger furgr nfﬁ'ﬁl‘ n¥esponscs and contribute to the recruitment of

leukocytes from the peame ieA i}alatere]d Bresolin, N. & Scarpini, E.,
Expert Rev Neurother S}i ﬁgg, eﬁl, Immunol Rev 177, 52-67
(2000); Jee, Y., Yoon, f®) uma, N. & M: to, Y., J Neuroi ol
128, 49-57 (2002)). Cé l?m C L9/ 0/11 /CXCR3 are among the targets for
therapeutic mterventlml bn Uf@lg uQ (rn several specific pathological

Al A and was
found to be
as

ef fi caci ous

Ane trant NMmmnt
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by its
capacity to
enhance

ent de]ectzo in MS and EAE studies. The chemokine
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leukocyte cell types an:
axis CCL2/CCR2 plays 2 rple i transendoth 6112 mlgra ion of MNP and T cells into the
CNS, and is implicatedg lood-brain barrier (BBB) damage and collapse (see, e.g.,
Chavarria, A. & Alcocad@ptuiowlg key'; 251-60 (2004); Mahad, D. ef dl.,
Brain (2005); Dzenko, '[( f a%(fl@r‘l rKé]d W.A. & Pachter, 1.S.,.J
Neurosci 21, 9214-23 Song, L., Ge, S., Kuziel, W.A. & Pachter,
1.8., Microvasc Res (2005); Stamatovic, S’td et al., J Cereb Blood Flow Metab 25, 593-
606 (2005); Minagar, & J.é., ﬁ.ﬂt Scler 9, 540-9 (2003)). CCL2 increases
BBB permeability by artehﬁlu_‘mtct@d bdveen endothelial cells via CCR2
(Stamatovic, S.M. et alaJICetelﬁs\ooii Ftovi Ngab 25, 593-606 (2005)). Incoming MNP

also alter the permeabl Yy ? L2 and then migrate into the CNS. MNP- and
T cell-derived MMP also re associated with the breakdown and collapse of the BBB and
aids cellular transmlgri ( c% L‘I g)ra.ham M., Shapiro, S., Karni, A., Weiner, H.L.

& Miller, A, J Neurcu%ﬂ@ f63a;7-t_4 @d); Avolio, C. et al., I Neuroimmunol
136, 46-53 (2003); Kamdan R iUy ryre 251, 279-83 (2004); Uooelli, A,

Pedemonte, E., Nar(:ls '-n l% ﬁTml Sci 24 Suppl 5, S271-4 (2003);
etz, L.

Brundula, V., Rewcast @ b Bemard, C.C. & Yong, V.W., Brain 125,
1297-308 (2002); Selle nqg Brain Res Bull 61, 347-55 (2003);
Vos, CM., van Haastel’t, lld., dekddt, C.3., van der Valk, P. & de Vries, HE., J

Neuroimmunol 138, 1('6—e 80‘)}1) {Xg&" marks T cells for trafficking to the BBB,

but it is the expression,

&St gte

1lows diapedesis (see, Mahad, D. ef

al., Brain (2005); CallmM.l
describes down regulatio %

et anEléeumimmunol 153, 150-7 (2004), which
ERZ %11s and monocytes after crossing the BBB).

The CCL2/CCR2 chexplﬁn@ad LhGdBed in BBB permeability and a significant
i i C. ) N
increase in the CCLW(Ii Emg_o&?veralmmfyte)hs in the CNS parenchyma and
within lesions is obse:p<1 ( ., Semin Immunol 15, 23-32
(2003). In addition, the CCL2/CCR2 axis is noted in lesions of MS brains, the blood and
the CSF of patients (see, Baisor, I, Leist, T.P. & Kalman, B.,. J Neuroinflammation 2,
7 (2005); Cartier, L., IartleJ dTMnl ﬁ{]M & Krause, K.H., Brain Res Brain
of T cells
to extravas

ate into
nf | ammat ory
+1 cclln W
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Smith carat
(1999),
Diem Theirs
t r eat ment
Res Rev 48, 16-42 (20(*5)@.&%1 & ézg, Eu.tl 1 10, 529-35 (2003); and Mahad,

D.J. & Ransohoff, R M., Semin Immunol 15, 23-32 (2003))). Receptor expression varies
over time because cher§p§n¥§ [ nlpotalM;d s&‘x 1 and change according to the
prevailing mxcroenvuoﬂﬁttﬂ@@,a/ﬁ i E ]bl&)llotko. J Immunol 161, 2667-71
(1998)). As monocytesrosq' thﬁBBtthh ewn-regulate then re-express CCR2 as they
mature into differentiate es This is evidenced in studies with post-mortem
MS biopsies showing low levels of CCR2, CCR3 expressed by microglial
cells throughout conh"o%susgtj lé{cirogc acaajgrfeswns CCR2, CCR3 and
CCRS occur on foamy InaGol)h@cnﬁ ¥tivated microglia. CCR2 and CCRS5 also are
present on large numbmidi@lling 13@1fmcyws and there is a smaller number of

CCR3-positive 1ymphoa§ tse@ee ,éimfoh]retiald Neuroimmunol 108, 192-200
(2000)). Similarly, CXCR3 and CR arg prefereptially expressed on Thl cells
(proinflammatory cytoéné prodAcel;s) an gmﬂct tly uPregulated in the peripheral
blood during MS relap UJRf ptors drop as patients go into remission

(Mahad, D.3, Lawry, Jrvien5s 4 &owode (e, M., Mult Scler 9, 189-98 (2003)).
Expression of CXCLI(&@@@IFC‘ mﬁxélg“ froaMS patients and is spatially

agsociated with demyelination in CNS tissue sections correlating tightly with the

expression of its receptor, see; e.g., Sorensen, T.L. ez al., J Neuroimmunol 127,
59-68 (2002)). Fusther Y@ @ partid@ion of CC12/CCR2 in autoimmune

demyelination comes f@@mt v@ fmindthait CCL2 is highly expressed in
the CNS, and anti-CCLgtreaSnm ks. relap % Rf disease in mice. Studies with
CCR2™ mice show tha| JCCR2 is iratortant for ﬁ: development of EAE (Fife,
B.T., Huffoagle, G.B., Kuaell W.A. & xp Med 192, 899-905 (2000);

Izikson, L., Klein, R.S.! Cﬂaro 12 Qv'enﬁ d U LL Ituster, AD, JExp Med 192, 1075-
80 (2000)). A CCL2 mﬂ@ﬁrﬁl’wd tb2@nals from developing EAE, and

upregulation of CCL2 % ly associated with the relapse phase of the
disease (Jee, Y., Yoon,, WIK ? ax&rf i\l éﬁ atsumoto, Y., J Neuroimmumo!
128, 49-57 (2002); Yousscf e O] -9 (1998)). CCL2 was shown
a nt e r I or
cam ate

I i gament of

the |l ea
I noo ThAa
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cockroach
al | ergen-ind
uced aifway
hyperreactiv
to cause encephalopa \{h chropjcally expressed in mice showing that the chemokine
can induce lesion formation @luang, D. ef al, Faseb J. 19 761-72 (2005)).
The CXCLY/ 10@1%1&&1&9@11 odgn! te CIB receptor also play a

role in EAE and MS (sqe, e.g.]Liu,IL.]’wmrn\ad, Huang, D. & Ransohoff, R M.,
Cutr Top Dev Biol 68, 1161(200?@3437 L, %y, 0., Dubois-Dauphin, M. &
)
Krause, K.H., Brain Re -42 (2005); Sorensen, T.L. et al., J
é@fmgég g

Neuroimmunol 127, 5 d, D.J., La Howell, 8.J. & Woodroofe,
M.N., Mult Scler 9, 18;—5&{0&3);';]}&82% aréjmagnam, P., Curr Drug Targets
¥mmune Endocr Metab@ﬁisorcﬁ, @QIK l’z(ﬁ)ﬂxﬂi\h, the inflammatory balance is
in favor of Thl cells (pa’*ﬂammatory cytokine producers), which are associated with
the expression of CXC:t g?c é ﬁposid thadlﬁcel environment (anti-
inflammatory cytokine prodpcersy, and that characteristically express CCR3, 4 and 8 (see,
e.g., Mouzaki, A., Tsel A ams, P., Matsoukas, I. & Chatzantoni, K.,
Curr Neurovasc Res 1, d1‘4&ﬁ)a;$e%ho‘«am edal., J Neurol 249, 723-9 (2002);
and Misu, T. et al.,J Na'g@eog 5,@'512 (2001)). CXCR3 and CCRS expressing
T cells are signiﬁcantlygzgflédc‘i ith compared with blood. CCR5"/CCR3"
cells are absent from the CSF indicating that CCRS is not responsible for T cell
trafficking to the CSF (¢ Kh ivi "2t al., Clin Exp Immunol 129, 510-8
(2002); and Sorensen, ﬁfet al.t Ji helnvest 103, 807-15 (1999)). In a model of
inflammation, anti—CX(fR.’E-gtﬁ@theﬂjEe’d Thl cell migration to inflamed tissue
demonstrating that CXX {sia 1 ﬁﬁor required for trafficking (see, e.g., Xie, J.H. et al.,
T Leukoc Biol 73, 771-80 (2003); and Sin E., Patzold, T., Ossege, L.M., Gisevius,
A. & Malin, I.P., J NeuLl%nQ J3ln bIO lZO@)?In active MS lesions,CXCL9 and
CXCL10 are expressed MQQ&)hagcs ah u Emmes surrounding the lesion.
CXCR3 is expressed ong| g]ts *f'lﬂ@cy’tes w-lﬁxh@ lesion, Thl cell-derived IFN-y
stimulates cells to sxprea I;helché: ta:& to continue the recrnitment of T cells to
the CNS (Simpson, J. et al., J Neurmm 01 108 192-200 (2000)). CXCR3 and cognate
ligands were studied in evg a:us plays a role in specific EAE
models and species of rtd |Inslc stl;md(e I0-null mice displayed the expression,
i ncl ude

aIIergen-spe
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AanA 191



20

25

Id £
WO 2008/080218 | 1 PCTICA2007/002278

adenovi ruses
i nduce acute

ni ny apd
nflannation

severity and hxstopat}wB? t]il '1§ dudy concluded that CXCL10 was
not required for trafficking, but d1 etenmne ased threshold of disease

susceptibility in the pel;pllerﬁ 7*‘@ § controls (Klein, R.S. ez al., T Immunol 172,
550-9 (2004); OppenhW].i, & hJ LJukLc m 7t, €54-61 (2005)). CXCR3 also are
expressed in at least a merﬁ@r, orthe lﬂl@e groups discussed above (Sorensen,
T.L. et al., J Clin Invesf 18,?07-1?1( Qﬁﬁ nheim, J.J. et al., J Leukoc Biol 77,
854-61 (2005); Kuipers, H.F. et al. Glia (2005); Foley, J.F. et al., J Immunol 174, 4892-
900 (2005)). For exam;g,gamn% had higher expression of CXCR3 and CCR5 on B
cells in the CSF and blloh@rclapyacﬁve I\E @hn controls did (Sorensen, T.L.,
Roed, H. & Sellebjerg, ml‘rela@tme r22], lze (2002)). Mouse and human

astroeytes and microgli eﬁxiessgle receptor and undergo chemotaxis in response to the

cognate ligands in viiro (see, e.g., Biber, K. et al., Neuroscience 112, 487-97 (2002)).
Hence these receptors, am I;ln% eatgeted by appropriate selection of an
conjugate provided hetbx@imminﬁrahat targets one or more of these receptors
(see Tables, Examples e@(dg;ﬁp@@@iil). on
herapeutxcs in MS

Methylprednisolone, Interferons apd Co one slow the progression of the
relapsing remitting dlSC e. IQI: ss € g mnxdmg novantrone,
azathioprine, meth it d in primary and secondary
progressive MS (Tablef)@(i d:ngMt fﬂg ill-fated Campath) has definitely
modified the course of tleldi%se (see, e.g., Galimberti, D., Bresolin, N. & Scarpini, E.,
Expert Rev Neurother 4 439~ f A(ZOM ; and Lea S.M. & Thompson, A.J., CNS Drugs

19, 369-76 (2005)). Le epahoneudles auld ﬂ?e good pathology and remission
induced by Campath leadQ&pﬁlm §stp1re @Lxlmty) bodes well for chemokine-
mediated leukocyte de@ﬂﬁo@ﬁe, e.g., Coles, AL ef al., Ann Neurol 46, 296-304
(1999); Morean, T. et a(/ axleei 340 WOI (1994)). The chemokine messaging
system can serve as a aﬁ g ﬁg&{ ‘Lalfet MS As many leukocyte subtypes
active in MS express Ct conjugates that target such receptors, such as
LPM7 or LPMI1d and M@ G(;n};afredserem, can be used for or in the treatment of
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187 growt h
and
'nyesdgate

this y
MS. Other conjugates th; iﬂ j_rf 3 y or combmatmns of two or more of CCLI-8,
1

CXCLg-13, CCR1-3, 5 bc used.
e Qﬁﬁsh luta{myxe Disease
Models for testklklan@@ds‘aavle@v@@ lhe conjugates herein for
treatment of autoimmufe 6srﬂ5ﬁ;ath zls aé:ﬁs, l\ipuf;]and MS, discussed above, are
known to those of skillin ghe art. plary references that provide and use animaf
models of arthritis and auﬁmmunfgsﬁease, which models can be used to test ligand-

toxin conjugates, such Q Ql[;I &Lﬁg@s c@m a modified SA1 moiety, include,

but are not limited to, tte hl@ning references set forth herein.

Bames et al. (la@Vlelpanodni'gcted against human RANTES
ameliorates disease in djuvant-induced arthritis model, J Clin Invest
101:2910-9, describes tg: vant mduced axIJnhs (AIA) is one of many animal

models of rheumatoid I dJseaQ azjra ﬁn; a T-lymphocyte and

macrophage cellular inmateBames et al. characterizes the development of this disease

model with respect to Wﬁbpxasrfend shows that increased levels of two
chemokines, RANTES Blerfﬁmcyé yte chemo-attractant, and KC (the

mouse homolog of hy jivé 9 emoattractam for neutrophils, were found in
whole blood and in thetm MIP-l a, another T-lymphocyte and monocyte

1 actant were bheiad gﬂ;olglﬁ{thddje {F the disease in whole blood and

only slightly elevated it ‘oita SAN’IaS expression plays an important role in the

disease since a polyclo?arlﬂx@ﬁxf ‘5 eho’rated symptoms in
d to be’as

animals induced for AIA and was eﬁ'lcacmus as treatment with

indomethacin, a non~st!roldaya§ ammatory. Polyclonal antibodies to either MIP-1a

or KC were ineffectivel T d | at or Of
Weinberg, A. ]H]mjmglgle AEXKY(CR134) can identify and eliminate

autoreactive T cells: 1mp11ca r mmune disease, Mol Med Today 4:76-
83, describes that autoz gpecicf]é §‘ celiﬁ@ een implicated as the
causative cell type in: 15) tis, autoi uveitis,

diabetes mellitus, mﬂzulmatoryd’&ﬁl@afe h@e-srsus— host disease. Weinberg
t hat
angi ogeni c
factors
produced by
=
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also describes the use e ly induced autoimmune diseases to develop an
effective therapy that dﬁlp éﬁe autory acnvi'il‘ cells aﬁ}ﬁslte of autoimmune tissue
destruction.

Schrier et al. (188 Rouﬁiexmges and cytokines in a reactivation model of
arthritis in rats inducedw_@@ wmtr@@ccal cell walls, J Leukoc Biol 63:359-
63, provides a study ofﬁ a?f i ‘g in an animal model of arthritis. -
Intraarticular injection of tr I Iltoco ca] cel walt(SCW) antigen followed by intravenous

11

challenge resulis in a 'g mo@ﬁ ul

studies showed that thiQdhetivation response to intravenous SCW antigen is dependent
on the presence of intete!ﬂy\MIluj anli t@brlec@Sfactor alpha (TNF-alpha) and
that the early phase of tw&& hil d dent. N¢ hil depletion or passive
immunization with antibodies to P~sc1 ctin or MIP 2 reduced the intensity of ankle
edema and the influx 0§1 qb i\ s however, the arthritic
response is mediated pmﬂ@rg&maltartceﬁ. Joint tissues showed up-regulation
of mRNA for MCP-1, q]-lh @ud§: ﬁ@igi-in axf b anti-IL-4; treatment of rats

with antibodies to ILAWﬂ-élgniﬁce)a ﬁpprﬁeédevelopment of ankle edema

and histopathological evidence ation, Antibodies to interferon-gamma or 1L~
10 had no effect. Treatme% w11{ T:/Inngapso suppressed influx of labeled T cells
into the ankle joint. Th§etiala‘1dx)é&d ﬁgxc late, mononuclear-dependent phase of
SCW-induced arthritis @ J3 h@eﬂ'@lk r:(ij {3@¥es cytokines that up-regulate MCP-1,
which in turn could fao‘ht@cﬂxpltntefe}trfaﬁltn of mononuclear cells into the |

joint,

is in female Lewis rats. Initial

Oppenheimer-l\yar s etal. (IILQ), Interleukin 15 is produced by endothelial cells
and increases the tra.nsgdghgill *&gﬂtf ecSls in vifro and in the SCID mouse-

human rheumatoid arﬂfit@fodel in vivo, J Clin Invest 101:1261-72, examines the
capacity of endothelialte]ls @‘at pWETlftlS aretre capacity of IL-15 to influence
transendothelial migxaTo hﬁ“ﬁ?ﬁ m endothelial cells express IL-
15 mRNA and protein. E othelial-dertved ed transendotbelial migration
of T cells as eV1dencedE)}@§xQ@Q §t§§occss by blocking monoclonal

and

targeting of

cells

nvol ved in
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that provide
and use
ani mal
nodel s of
antibodies to IL-15. ILF@WHCT Wothel&laiﬁation of T cells by activating

the binding capacity ofjthe integrin adhesigqn me lecule LFA-1 (CD11a/CD18) and also
increased T cell monhrp % j:&

molecule CD69. The :Lp%ﬁé of TL-15 in regulating migration of T cells in vivo was
documented by its capalcil.y tg@ﬂdwntm@lx i)f §@pptively transferred human T

s i . "
cells in rheumatoid artlet@srf vuutgxang‘gl into immune deficient SCID mice.

These results demonstrate that EC pm ice IL—]i Ways arole in stimulation of T

cells to extravasate into tnilamm a ory 1ssue

Kasama et al. (Gﬂ,rﬂljﬁlu@-atxﬁéon and chemokine regulation during
the evolution of murinQyE) m@ﬂad.n—ﬂlicengﬁtiﬁain Invest 95:2868-76,
studies the expression Wh\tauiimf oi spé]ﬁ: ch jnes, MIP-1o. and MIP-2, and

interleukin 10 (IL- 10) uring thb;fhm II collagen-induced arthritis (CLA).

expressmn of the early activation

Detectable levels of chembtacuo cytokine prlo%em or MIP-1a and MIP-2 were first
observed between day: 36, ﬁeﬁ nalal tﬁ@tollag&n challenge, while increases
in TL-10 were found behwdenldls §6 @CJ4. qraQrice passively imrmunized with
antibodies directed agatnshiéar MIP-1a or MIP-2 demonstrated a delay in the onset of
arthritis and a reductio: otéhf R ve of arthrms CIA mice receiving neutralizing anti-
IL-10 antibodies demonstrated an acceleration gtbe onset and an increase in the severity
of arthritis. Ant\-IL—IO[reﬁfenenCTea@tQ gpﬁsston of MIP-1a and MIP-2, as well
as increased myelcpermammweahd axﬂde infiltration in the inflamed
joints. These data indioae{that I\aq-lo.t and MIP-2 play a role in the initiation and
maintenance, while E-(Ojf)g&g tlljay a regulatory role during the development of
experimental arthritis.

Keffer et al. {1 &hﬁmj&ﬁn&emng human tumor pecrosis factor: a
predictive genetic modBi %}&Wm 10:4025-31, provides transgenic mouse
lines carrying and expresjq@ifdtegxg f“—rmﬁed human tumor necrosis factor

{hTNF-alpha, cachectn&tﬁnsgefaeé g)‘iv arébh tdotoxmq’esponswe and

macrophage-specific hTNF gepe expression can be established in transgenic mice and
presents evidence that ae 3 -a;;on of the h'TNF gene could be involved in macrophage-

nf | ammat ory
cells in the
brai n of
nmacaques

wth 1 m ni
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interlcutin
| and VLA-4.
Cul tureg of
these brains

specific transcription, .F rﬁsFem'c ij v diéed hTNF transgenes shows
deregulated patterns of expression and develop chronic inflammatory polyarthritis.
Keffer et al. shows trapggl§nl.w thlat }yegtably develop arthritis represent a genetic
model by which the pa%ﬁ%d&lmlenyf,ﬂlis disease in humans can be further

investigated. h uman
Sakai ef al. { 19ﬁ)§§61} v@hpahaaguéxgmid synovium by the
0

induction of apoptosis using a novel in vivo modelof theumatoid arthritis, Arthritis
Rheum 41:1251-7, inve\éét[s \%ethM— ediated apoptosis has potential as a
therapeutic strategy in peﬁnﬁoﬁ thtt (RAb bnlse of a model of RA in which
human RA tissue is gr%nto bp)axpe :Qh rh@fﬁatoid synovial tissue including
Jjoint cartilage was g:ra!td@xhttarro@* into the backs of SCID mice. Six weeks after
engraftment, anti-Fas monoclonal anﬁbo&ﬁwas injected intraperitoneally. Time-related
apoptotic changes caused by anti-Fds monochEl antibody in grafted synovium were
evaluated by nick end-m@histochemistry. Thirty-six hours after the injection,
diffuse apoptotic chang@y i}veaﬁitrvfd in L 33 aaﬂt synovia. Four weeks after the
injection, theumatoid s; ﬂﬁgﬂe dfgxi.nisheHI V

Smith et al. (19V\ﬁ)iacerhein treatment reduces the severity of osteoarthritis in
the canine cruciate-deﬁciencys model of osteoarthritis, Arthritis Rheum 42:545-54,
describes a canine mod[l @c&&r\‘r@sr(o%d)A was induced in 20 adult mongrel
dogs by transection of iﬁe ﬁn@lﬂ‘c}mm 1i@#@nt of the Ieft knee. The model was

used to test treatments t)r H"a_t no O ne d
P I 1117

Models for testing and demons (:téVJty of the conjugates herein for
treatment of mﬂammatLryrllstg Es@gg [:n tom of skill in the art. Exemplary

references that provide lm* uy zmimall)&ls of inflammatory lung diseases which can

be used to test ligand»tqaattnjlhagl sue },PB (&\Iugates containing a modified

SA1 moiety, include, byt y not ]iTi 1o, the following references set forth herein.
Kumagai et al. Il 9)) Inhibition of Matrix Metal&(z)roteinases Prevents Allergen-
Induced Airway Inﬂamm lﬁ urin®Model l?ust a, J Immunol 162:4212-4219,

encephalitis
in SCID m ce
resenbl es

H V

oncranhal 1 +1
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Model s for
ot her viral
i nfectigns
are known
investigates the role O%Pdn tbcpé?ﬁgeneﬁs é bronchial asthma, using a murine

model of allergic asthma. Usinﬂhis odel, an increased release of MMP-2 and MMP-9
in bronchoalveolar Iavééle§u%s after glonhalation in the mice sensitized with OVA,
which was accompani@lgtm AT Iymphocytes and eosinophils, is reported.
Administration of tisstﬁiﬂitit(ir of u)qfaillolSnai‘)ase-Z to airways inhibited the Ag-
induced infiltration of anehthtew efs' phi]f t(cjrway wall and lumen, reduced
Ag-induced airway hyxis S| x;éveness, and increased the numbers of eosinophils and
lymphocytes in peripheral blood.” The inhibition of cellular infiltration to airway lumen
was observed also with\(islsucr in%gﬁmtallopmteinase—l and a synthetic matrix
metalloproteinase inhiblogﬂe dakiudilﬁiz t]d nl@yespecially MMP-2 and MMP-
9, are crucial for the hﬂaﬁg é lalgu@tory cells and the induction of airway

hyperresponsiveness, %ﬁgalq aqtoqfrﬁeatures of bronchial asthma.
997 ), #amm

Griffiths-Johnson ef al. a] models of asthma: role of chemokines,
Methods Enzymol 288:9[69(1\44{1’\: Q rous chemokines that have been
discovered through thenaf (lﬁdoaﬁy Oera'n cell culture supernatants and in vivo

exudates from animal tbt@s o%zexdon @d@*molecular biology techniques.
There is compelling evtderceérgfniﬁaéﬂ tlinica&lrdies that eosinophils are

important effector cellskin.asthﬂa. Griffiths-Johnson ez al. identify two targets to prevent

cosinophil recruitment the d @—yand its receptor, which are important in several
aspects of eosinophil bdclgysﬁa;&ﬁnd its receptor, CCR3. The eotaxin receptor
is expressed in high nuﬁdffpionﬁﬁ&{phﬂs, but not on other leukocytes, and appears to
be the major detector oﬁboedié}lhiléwr e(ﬁ:rn and other chemokines such as MCP-4.
Eotaxin and CCR3 knogkout mjice will allow the evaluation of mediators involved in
asthma, as well as the :&Jngagegfy therapeutic modalities.

Campbell ez al.dd%sﬁ'xa)& S oﬂlailadnes in a murine model of
cockroach allergcn-indbe@aim@}'maiﬁt}@ld eosinophilia, J fmmunol

161:7047-53, providest nér'getnodel of cockroach allergen-induced airway disease and

assesses specific mech:l::isms of the responsg, which sesembles atopic human asthma.

tlnsgv%nn ide lngé—LpeQﬁc airway eosinophilia and
ennj ugat es,

such as
1,91q
conj ugat es

~ANt a1 Nl A A
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5provi ded
heroi n
cont ai ni,ng a
chenoki ne

significantly altered ai@aépﬁl!xolffgvgith @‘ﬁly correlates with inflammation.

Specific roles for CC chemokings durifig these stages, with MIP-1o being an important
eosinophil attractant d\fin the pfimary stage and eotaxin during the secondary re~
challenge stage are ide! ese 1110@ Ho valuation of mediators invelved
in both stages of cockedach a}lerge&}lzl@@ as @B e testing of specific

therapeutic modalities.h e t es t e d | n
Piguet ef al. (198? Tumor recm?s facté‘rf chectin plays arole in bleomycin-

induced pneumopathy 3n. ﬁbmsm Med 55-63 and Schrier ef al. (1983), The
effects of the nude (nu/&ﬁiya&n duced pul y fibrosis. A
biochemical evaluation]. A@l@vlﬂelrplﬂ)is 127:614-617, describe a mouse model of

pulmonary fibrosis. d enon St r at e
Steinhauser ef af, ﬁ -1 1s P?Tetgtor of sepsis-induced impairment
efense, J, 2:392.

in lung antibacterial host mmuno. 399, describes a murine model of

sepsis-induced Pseudo&lﬁ Elru § pneuialgt xplore the mechanism of
immunosuppression asﬁ:&ed \@}aeslxd t'lﬂ a& 1@1erwent either cecal ligation

using a 26-gauge necdlt pmr (@p@ﬁhw followed by the intratracheal

(i.t.) administration of inosa or saline. Survival in mice undergoing CLP

followed 24 h later by the L.t. admmlstratmn of saline or B. aeruginosa was 58% and 10%,
respectively, whereas 9g%r of jg ]trgery followed by P.
aeruginosa admlmstratllﬁ IiurdVQA&yeased mortality in the CLP/P aeruginosa group
was attributable to marlﬁjly Qg Bn@bacterial clearance and the early development

of P. aeruginosa bactermnirx_y,j@?mgisgﬁg)i bfteria to CLP-, but not sham-,
iftrg

operated mice resulted in an i ulm a§accumulahon of neutrophils. Furthermore,
ﬁn)é Tes!

P. aeruginosa challenge'in latlve shift toward enhanced jung

IL-10 production concoa%ﬁlﬁprlmacxvay decreased IL-12. The i.p., but not i.t.,
administration of IL-10 'M@fveefst eﬁ@@ggmosa challenge in septic mice
significantly improved turhvatud clPincW?ctﬁaécm the hings of septic

animals administered P, aeﬁfﬁ:sa Finally, alveolar macrophages isolated from animals
undergoing CLP dlspla)@ ent in the ability to ingest and kill P.

ani mal
nodel s of 10
hypenensitiv
ity, which

~ran hea 11iead
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Conj ugat es
Ther eof
Conposi i ons
for use in
aeruginosa ex vivo, anﬁ]:iis gfa ﬁaﬁ)@iﬁg{reveﬁfby the in vivo neutralization of

IL- 10. Collectively, ﬂasle observart.ioa iédirg:ate that the septic response substantially
impairs lung innate imMmunity toP. aerugifiosa, and this effect is mediated by
endogenously produceaSIS. OClI at e d

g. maltmhion after Gene Therapy

Models for conﬁla'f htb]ﬁhv(gligaﬁ Perein for treatment of

inflammation, including inflammationafier gene therapy are known. For example,
Muruve ef al. (1999), A viral géne therapy leads to rapid induction of muitiple
chemokines and acute LCLQO; -df t thKJuM in vivo, Hum Gene Ther

10:965-76, studies the moleclil: @SOS Bi seplication-deficient
adenoviruses induce ariutwm axaydlltmﬂagm of infected tissues, which limits their
use for human gene \‘hegp? §odhﬁma&g?.ﬂy tesponse, chemokine expression was
evaluated in DBA/2 mice following the intraverfous administration of various adenoviral
vectors. Administratiol olf a@M@gal, 2dCMV-GFP, or FG140 intravenously
rapidly induced a cons&amgfe—x—&m dC chemokine expression in mouse
liver in a dose-dependeg) gs@@(eq' hoa'_tole»dg infection with 10(10) PFU of
adCMVbeta gal, hepatigjeve, A were increased >60-fold over baseline.
MCP-1 and IP-10 mRN(:Af evgg;.él;og:vgr;é‘i:eased immediately following infection

with various adenoviral Jttﬁgegé a6 hr@1§ >25- and >100-fold expression,
respectively. Early ind\AﬁJ oi{RANﬂSmd MIP-1B mRNA by adenoviral vectors also
occurred, but to a Iessc@{grh @ induction of chemokines occurred independently of

viral gene expression sid: p%rangféagd ada(rfiré particles produced an

identical pattern of chemokine gene tragcrip&m within the first 16 hr of administration.

The expression of chenlokinescorrelat cxpected with the influx of neutrophils and
CD11b+ cells into the lbeemﬂad anin&ODlIg]&ters, all adenoviral vectors
caused significant hepa@ @m %pi)pi)s% DRSS systemic administration to
DBA/2 mice. To investi;g:rj ‘hlat—olafnﬁmpals in this adenovirus-induced hepatic

injury, animals were p; eqeﬁ:bth neutralizin anﬁ-f/ﬂlP»Z antibodies or depleted of
neutrophils. MIP-2 antfZoH:

S i ‘pretion each and both resulted in

cally
dilutive
automat of a
I i gandhoxi n
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reduced serum ALT/Ag‘avﬁianF.]axte i0! he adenovirus-induced hepatic injury
histologically, confirming, that this early injury is largely due to chemokine production
and neutrophil recruitn&é\dhihjl

replication deficient adeiﬂ tecimelrd indﬂé a strategy to prevent adenovirus-
mediated inﬂammaﬁoxtaxht@ue injury by interfering with chemokine or neutrophil

fumction. col d/ Leak

h. Andéltenesis
Conjugates pro§ ETQ'AGQI ta%edcélls that are upregulated in angiogenesis
and processes involvedtth o Exemplary references that provide and use animal
models of angiagenesisi foﬂdﬂm@@z{ldqm@xm ligand-toxin conjugates, such as
LPM conjugates contaifiil ifie moietyqi: e, but are not limited to, the
“trrregted oeand

following references.

Folkman ef al. (B:g)%gilogebm! fBXOrS,;t)'ClIe'Jtcg 235:442-7, establishes the role
of angiogenesis and faoarls, sdles ac%talfd @Gttbrslast growth factor, angiogenin,
and transforming growtl flﬂt&tﬂphaw b&ta] and tb@gniflcance in understanding
growth regulation of thtya:gats;‘eteatWéﬁYaluated according to the targets, the

factors fall into two gropgs; thost t directly o cular endothelial cells to
POSHg s A

stimulate locomotion or mifosts, and4hose that act indirectly by mobilizing host cells (for

resulf, ify the early immune response against

example, macrophages) t Q]ease endothelial growth factors. In addition to their
Ppresence in tumors md@moﬁstulﬁ@ilm,lthyame angiogenic peptides are

found in many normal tdie‘tﬂle’crnmsﬂa@ﬁon is not occurring. This indicates
that physiological expreﬁsgn rf Eﬁﬁf&nic factors is tightly regulated. In addition to the
persistent angiogenesis mduced o5, it now appears that a variety of nonneoplastic

diseases, previously thocgﬁtgbglge[aud, érg msidered as "angiogenic diseases”
because they are domiu‘mdle}laﬁ&ogif gﬂh[h of capillary blood vessels.
Leibovich ez al. e%.?t,:l‘{qcmphagednduced angiogenesis is mediated by tumor

necrosis factor-alpha, Nagare 329:630- cribes that macrophages are important in
the induction of new bh;doj. v %eg;rﬁ)wg%:iﬁgl' w{)/uné repair, inflammation and tumor
i ngredi ent
era be
adm ni st er ed

at once, or

~an ho
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phar maceuti c
growth and mvestlgateén.l l1y yinace)itlmiy b{?(évessel foxmation in the rat comea

and the developing chick choricallantoi memb
Kochetal. { IQLZ)nrgrr u% Iz“I’phag&denved mediator of

angiogenesis, Science 15{]7981:1%\ eescnbes that angiogenic factors produced by
monocytes/macrophag( @ mw@lg [het)a]ho@ﬂls of chronic inflammatory
disorders charactcrizedd)rpersit&lergzﬁiogﬁé. The role of interleukin-§ (IL.-8),

which is chemotactic for lén cytes and nel tmphlls was shown to be potently

angiogenic when 1mpl t co ea and induces proliferation and chemotaxis of
human umbilical vein én’l\‘)téhhelle'ﬁwr&e bai arole for macropt derived
IL-8 in angxogenesm-d@@{m Piskfd@s, such as theumatoid arthritis, tumor growth,

andwoundrepalr ngr Edl ent S.

or Growth
Conjugates pm?:m l%'em (su% as growth actor —toxin conjugates, ErbB
Teceptor conjugates an&QMQeU;Q g h’ezltn'&lt of tumors, such as by targeting
tumor receptors and/or i:e]ﬂ @41v@ dt@l@geniasinincluding angiogenesis.
Recruitment of cells intolh(él angoalfsxr ai;d @Trmmaﬁon are associated with

tumor growth and develop ent, folIo ?Fﬁfqlm describs these relationships
and that animal models for identifying therapies Tor tumor, angiogenesis and

inflammatory response%lu;for axle l&)lvnggl)te of skill in the art. These references

evidence the avallablhtt Qi@ MBI f(t the s@\dy of therapeutics for inhibition of
tumor growth and cellsfs*féep t.a.rrje‘&gaid-exaconjugates provided herein,
including LPM con_;ugz1te1 géifie[i‘ﬁm moiety, can be used in such

models to assess effects o} 0T gro!

Phillips et al. (1@ ra@&rtmg gl—ov[t]l factor-alpha-Psendomonas exotoxin
fusion protein (TGF—al]ixah@) ﬂaﬂSﬁEWO\xs and intracranial human

glioma and medulloblaﬂiﬁa xexsg@F ii awgﬁce Cancer Res 54:1008-15,

exploits the differential rx L&epldermal growth factor receptor (EGFR), which is
amplified or overexpressed 1 u:fnrry mah it gliomas and other primary brain tumors,
but is low or undetectakg; n Gaarg&!ﬂram tumor therapy using a TGF-

the treated
ndi vi dual
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t he
advant age
that thg
t herapeuti c
alpha-Pseudomonas expioxin, Joxig. TG“ ‘ ha-PE38 using nude mice
? =t
bearing glioblastoma or m¥gullabl UL ografts. The xenograft model
can be useful for stud mkxﬂ Tectptor & et d‘:gugates for treatment of

inflammatory responsel el tarﬁ.mg k“elg:k)olved in tumor development.
Debinski et al. @@w [écaftrspx@ssed on tumor cells can serve
as a target for auticanceis]thew ust'nq,c'b('jxfjtPseudomonas exotoxin, Int J Cancer

58:744-748, reports the use of cKnnen gyf)temi: cﬁ‘posed of human IL4 (bIL4) and 2
different mutant forms of a p Wi bacterial toxin, seudomonas exotoxin A (PE) in a
human solid tumor xen@igtm 'i'hﬁ allellc Q(rrls termed hILA-PE4E and
hIL4-PE38QQR, shows spetlih mR—d@@m and dose-dependent antitumor
activities.

Husain et al. (1998) C plete Tegression of established human glioblastoma
tumor xenograft by mte§ I toXin, @apy, Cancer Res 58:3649-53, shows use of an
IL~4 toxin conjugate foaaqm tnnrlm&t gﬂo@&oxlla flank tumors in nude mice.
Kreitman et al. (1998),@$imu.@xfn of Gecombinant immunotoxin in a tumor in vive:
fewer than 1000 molectlehecfll m fTr cenplete responses, Cancer Res
58:968-975, also demon; tr s 0] thls model.

McDonald et al. e therapeutlc potential of chemokine-toxin fusion
proteins,  Drugs 4:427 Iep@tf ok @le é(ﬁvlﬂdtype SAL) retards the growth

of HT-29 colon carcmo a,tumors in two separate mouse xenograft models. SDF-1-

SA1 also eradicated ne‘a)dypﬂngﬂlfatsqtrarblat stsels as evidenced by the lack

of cross sectioned vesst s mors.

Exemplary resug §1§conjugate mga motyzf tumor growth is set forth in
Example 9, which shoétte gs[ltthLxQxﬁlIntj tegng LPM1d in a xenograft model
of tumor growth. Othet Lmﬁcul alaj;ohd@ Kdein containing a chemokine
conjugated to a modifi SR caltbheed in similar assays. Such results

demonstrate that LPMSB,?. ba:iedﬁs caxgiijteélﬁapeuﬁcs for treatment of cancer and

angiogenesis.
j. ﬁxsm ImnfurQiCﬁclency Virus (HIV) and other viruses
exanple, in
treat nent of
t unors.

mlarly,

f Ar
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of the

conpos i t i ons

Conjugates W“H‘l"m“ efsmar t%ﬂlsnfected with viruses, such as, but

are not limited to, HIV. &) tgné? C, and other viruses that chronically infect
cells. The mode of actlon can be via the € g thixms on cellular metabolism. In
addition, toxins, such f@ll} ;Jithe mbdit %higa toxin and active fragments

provided herein, are pctyrh:@ﬁda@@id g]ylos@ases that depurinate

polynucleotides, incluca Dka, ‘gluding viral nucleic acids. Hence
conjugates that are targg. ce?Jﬁs egfsgifm érdy infected cells can treat viral
infection.

For example, clanaQs@tleedXereJl CQ be used, to target HIV infected cells
and destroy viral nuclea@ arl)hhibit or kill the cells. Some exemplary references
that provide and use m‘f?ﬂ@xlw@safgléthat can be used to test ligand-toxin
conjugates, such as LPH (én'u$te§f§t?‘ a modified SA1, include, but are not
limited to, the following refeEinoes “Westmatelan jet al. (1998), Chemokine receptor

expression on resident Mcﬁ] LLUIQJT)' glls in tQJE of macaques with simian

mmmunodeficiency o mePathol 152:659-665, describes that a

y
correlation between m@ﬁ@n&p@ﬂi‘nﬁ&é@se @ brain and neurological
disease exists, and thatﬁaﬁckiﬁsazli crer@liinﬁeﬁqtors could play roles in HIV

neuropathogenesis and dgscribes thelr attern of expression in the STV-infected rhesus
macaque model of HI\d’lceﬁaQi Ie§)t!ad Q:ﬁsswn of the chemokines MIP-10,
MIP-1p, RANTES, anﬁpy(&tth&m dacaqk ddukeys with SIV encephalitis
had been demonsﬁatedmll thy FJFRtfie corresponding chemokine receptors CCR3,
CCRS, CXCR3, and C§GE4aﬁ fh(1wn| toZe@&ﬁssed in perivascular infiltrates in
these same tissues. In addmon Ct C RS and CXCR4 were detected on
subpopulations of la:ge ampﬁja nedcortical pyramidal neurons and on glial cells
in normal and enceph m}jaélu 'the data and resuits indicate that multiple chemokines

and their receptors conqlgﬁ.(}) @Jnotytmd djallacyte recruitment to the brain in
SIV encephalitis. Furﬂtj'inog ﬁ@{rregnfn 61‘41)wn HIV/SIV co-receptors on
neurons indicates a posgible meghanism whereby HIV or SIV can directly interact with
SYSTEnE
ncl ude
nanor apeul es
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these cells, disrupting ttf)glfnﬁ glysiological fimction and contributing to the
pathogenesis of AIDS demenltia gogﬁ(l e

Tyor et al. (199 ,.lA model of fuman immunodeficiency virus encephalitis in

SCID mice, Proc Natl bda $2:[Ps@d0:8a5k-62 Ghvides an animal modet of HIV-
associated dementia co@ffex towtdetelbprmlg)f treatments therefor. Mice with
severe combined u'n.mua em (§ID acﬁ,dhich accept xenografts without

rejection, were intraceri g cgiﬁd axih peripheral blood mononuclear cells
and HIV. One to 4 weel er fnoculation, the brawhs of these mice contained human
macrophages (some of’ %Q/&LEIS;;M ant-g }gsl:tive), occasional multinucleated
cells, and striking g]iosSlt/ ﬁrmioclno@enﬂcal staining. Human macrophages also
were frequently positiv'F fﬂl]:.me entos‘a.h*)r e alpha and occasionally for

interleukin 1 and VLA< 7 €] ins IV were positive. Generally,
preparatts

human macrophages w! present in rains of control mice, nor was significant
gliosis. HIV was not re@\ler&§ Qm ngc@Q 1EC QHIV only intracerebrally.
Pathologically, this moddl ofslt &Fp]iililis 2SCID mice resembles HIV encephalitis
in humans and the dataiin(ﬂjte eac}f aab*me macrophages by infection with HIV

results in their accumulzig gddeiﬁltceiinBﬂ and in the development of gliosis.

This model of HIV encephalitis provides insights into the pathogenesis and treatment of
r

this disorder, :
Toggas et al. (1&{;] &@ﬁl%l M damage produced by expression of

the HIV-1 coat protein ngO in transgenic mice, Nature 367:188-193, provides

transgenic mice that exaeﬁ @lﬁ) in thebl?ills -ﬁd used these mice to study the role of
gp120 in the neuronal and glial observid in h\lmml: E‘he changes observed in brains of
the transgenic mice rest rabglma 'ﬁg xx l@l f -1-infected humans. The

severity of damage con‘el@zgtﬁt%p'titﬂ}bdraiﬁevel of gp120 expression. These
results provide in vivo d*enl:e W playg)ftole pari in HIV-1-associated nervous
system impairment, Th‘gfﬁilita(?séﬁ\tduaﬁfn 6?development of therapeutic
strategies aimed at HIV-brain interactirns.
exa e, as
a sol ution
in 1-4,
bat anesnol ,
Sterile,

fi1 vod Al e
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Wy]uzykowsk@tﬂt(lg?, far&regeneration of thymic progenitors in rhesus

macaques infected with simian mnodeficiency viwus, J Exp Med 187:1767-1778,
using the SIV/macaqugxgeeolﬁED§, éxag;ingslﬁzkaﬂy effects of SIV on the thymus.
Krucker et al. @ﬁ&rﬁs&mc aJe ‘slgerebral expression of human
immunodeficiency vinGt@id) cob@tein gp120 show divergent changes in short- and

long-term potentiation a&\fﬁp&cvﬂasl Ivtwtyica{d 83:691-700, studies
transgenic mice constitutively expressing glial fibrillary acidic protein-driven gp120 from
brain astrocytes which display néuronal and glial changes resembling abnormalities in
human immunodeﬁciemﬁplg nx@fgtihuman brains.

Power et al. (1$8t’[@1ﬁvin@1!:e in txiie iﬁm}unodeﬁciency virus-infected
neonatal cats is viral stgwﬁzegg*ﬁntﬂ systemic immune suppression, J

Virol 72:9109-15, provideéalha imal Mel of HIV and its role in immune suppression.

Feline immunodeficiendy Virus (FIV) is a letitivirus that causes immune suppression and

neurological disease mgth e)menmnghe QJJ mhich different FIV strains
caused neurological dis@<, Fl'\ch:@‘ anul Phakxewere compared in ex vivo assays

and in vivo. Both virus€Jj 10&8 re}éc&ﬁn macrophage and mixed glia] cell

cultures at similar levelg, b SE indyced significantly greater neuronal death than
CBRCAL T

Petaluma in a neurotoxicity assay. inifected animals showed significant
neurodevelopmental de@dil:mg tj) 1 alunLAQEected and uninfected animals.
Magnetic resonance sp&txh@)y sRIE b FroMaRortex revealed significantly reduced
N-acetyl aspartate/creat'ee@fraleu ﬁ:ﬁ go’up compared to the other groups.
Cyclosporin A of Petal nb- d apjmals caas.ed neurodevelopmental delay
and reduced N-acety] aspartate/creafine ratiog in the brain. Reduced CD4(+) and CD8(+)
cell counts were observ§ M\@ QIESQiQeLteE]ggup compared to the uninfected and
Petaluma- infected grmﬁ.g'e%dinmde that neurodevelopmental delay and
neuronal injury is FIV s@qn @aip bnthat systemic immune suppression also is an
important determinant ﬁfvtinﬁcéirﬂmgfe?cev e
Models for othef viral infa’dons are known andd:,an be used to confirm anti-viral

activity for other viruse§ 1 y e S an

col ori ngs

and fl avors.

The nai ve

materi al s
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Conjugates pro 1ded he in caxij d for treatment of kiduney disease. Animal
models of kidney dise: sed ‘onjugates, such as LPM
conjugates containing &}é&t Sa rﬂlch an-gntﬂﬁdels include those that mimic
different human chronigcyxg ﬁis@ﬁ@KDs), which are well characterized. An
exemplary reference thit rﬂlevf sm @gcharacteﬁzed CKD models. including anti-
GBM disease, and their relevance 1o humrn disease is Durvasula and Shankland
(Methods Mol Med., 8 §(£)

For example, alnﬁ)tl QcﬁcQ g@ﬂﬁa@&ls in the rat as a model of

buman mesangioprolifé§tive glomerulonephritis has been fully described (see Jefferson

and Johnson (1999) J. WTB a F97alt7 W@eﬁlg et al. (2000) Am. J. Pathol., 156:

303-10). Briefly, rats aq jected with anti-thymocyte antibody which binds to

glomerular mesangial cells (MGE; and leads to complement-dependent mesangiolysis.
Mesangiolysis ends by Q gly d@&GCs proliferation and
hypercellutarity peakmmjxd @)I's'lS-?. Thereafter the MGCs undergo apoptosis until

the model resolves itself. m# tlﬂ;dlératib Rippe there is an alteration in MGC

phenotype which is assqgiateq ﬁvnh dTosmon of extra cellular matrix proteins

(ECM) an early indicator of fi brosx first mi there is an uf lation of
soluble inflammatory dngc ] Qt: udﬁg‘j.e cltengcme MCP-1 which correlates with
an influx of 1eukocytes,msl mﬂ&wtnaknﬁlageo K’Iacrophages are thought to
contribute to mesangiolmr eg;pliafag)eigmg reactive nitrogen and oxygen
species. In the later phicc &ebTe Ihoglttst ctint‘?l@ Io MGC proliferation and ECM

production via the production of cytpkines and gr factors including the profibrotic
TGF-B. The numbers oymacjgpéf en oqu 2 and 4 and gradually
decrease thereafter, 1t ik Sen shown that MCP-1 neutralization in this model

ameliorates macrophagfmtﬁf@ln'gf@ ]}roec&‘f and synthesis of ECM proteins.
In another study, dep]et31hfa W \tltlélgxonate liposomes resulted in a

marked reduction of mesa x answn

neutrupltils
(pol ymur phon
uel ear

neut r ophil s,
1l a4 NN T
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and wound
heal i ng,,
(Krislnasura
Exemplary results.o ét.ltugate in a model of kidney disease is set forth

in Example 6, which sh; tz::c 3&3 exmem testing LPM1d in.an anti-Thy-1
induced glomerulcnep PMld provides renal
protection in a numberd‘&ted mtlogicakrmers. Other LPMs, such as any

provided herein containgég gemohnl@guMq a modified SA1, also can be tested
in similar assays. Suchpalﬁdéndnstraé fat LPMs can be used as candidate
therapeutics for h-eatm fysaj

ersensmw y 4 m 1

Some exempl: ynSslthmowde and use animal models of
hypersensitivity, whlchhah bﬂipi to@lkadd-toxm conjugates, such as LPM
conjugates containing %)&d SALl, include, but are not limited to, the following
references set forth he nThe mouse delaycd type hypersensitivity (MDTH) was

initially developed to provx

test for contabt Flfpersensmvxty. It has been adapted to

Anlhierd

screen for suppressmn and is cc ly used asa

model of chronic 1nﬂm'{£a>y $is@F(Swi@d o, @f6) Blood 88: 2973-2979).

For example, mée?r@r@@s)anﬁ{aﬁﬂla:, the oxazalone (OXA)-induced
allergic contact dennati5imo|1jst model has been used to identify potential anti-
infl y and i d.n]js (Chapman et al., (1986) Am. J.

Dermatopathol. 130-8)! I\[mxxza oxazolze?hndergo a reproducible and

measureable inﬂammat%&zons% a solution of the oxazolone is applied directly

to the ear. Hapten—spethyit‘mﬂ ’éymeqcy'eta mixture of Th1 and Th2 cells) and

macrophages are tngge c okmes and chemokines. There
also is neutrophil activadio; a‘a i tion, althoug there numbers are in the minority.
Other DTH model stud sho cutrophxls can indirectly or directly regulate

the recruitment of T celghy Jezi?g vytg!ég and chemokines. Within hours, the ear
swells and leukocytes b@atf ix]‘ﬁletls tkle extravascular tissue. Ear thickness and
cellular infiltration peal§ gxtme to baseline levels over several
days. The mouse ears igcrease in wex tgth the 1?1)1ux of leukocytes and production of

981-6;

| wasaki and
Medzhi t ov
(2004) Nat

I annml =-

exudate.
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de Lena

Exemplary rmu(tsg @ B’T ?mju%bte in a model of hypersensitivity is set forth

in Bxample 7, which shgqws the res§s of.experiments testing LPMIc and LPM1d ina
model of hypersensiﬁv%.rDost [ Qeg«')cyte subtypes involved in ear swelling in the
MDTH model express 5 t%@d receptor for MCP-1, among other chemokine

receptors. Thus, MCP-]_—@; (Ill@ﬁx@ugag au;taining amodified SA1 were
selected to target these Blaior ﬁ@gion.é’lle results exemplify that MCP-1-SAl
(LPM]1) variants LPMlé. d LPM1d %fﬁcacious in the treatment of
hypersensitivity, and that LPM1t apd 1d have differing potencies consistent with
their toxic activity as smﬁsg,le,g]l ample 3). Other LPMs, such as any

provided herein contailala ;;hem&z Qmu%q a modified SA1, also can be tested
in simil . ‘oul .
in similar assays. Anyz’@ @@g’ates chl 3] Sstd,@rhcu arly any LPM conjugate

known to target a cell s&cc Teggpfor, such as surface receptor expressed on one
or more leukocytes invj» [ved in hypersensitivity. Hence, such results demonstrate that
LPM:s can be used as ¢ n({JJ&e M[\]tg ortretment of hypersensitivity.

J. Formulation 36 :Admi&s{l:a&Qongl‘Q)gitions Containing Toxins and
Conjugates Thzﬂ

Compositions for use in ;eaglgt§f Hisorders associated with pathophysiological
inflammatory responsesy alllg mn sue damage and associated disease states.
as well as other diseaseR@ﬁﬁi@h@f Sfch, compositions contain a
therapeutically effectivN.nountEﬂl' qd-toxxj c.onjugate that contain a targeting
agent, such as for exampley a aemokine ivg fragment thereof, and a RIP toxin, as
described herein. Other conjﬁétd known to thosé of skill in the art also are

contemplated can be m@nle ﬁcl%lthe tonQrQrﬁs replaced with the toxins

provided herein, and cognppsitions ining such conj also are cc 2!

Effective concexF}rioe erltreg'glt oy condition or disease of one or more

ligand-toxin oonjugates‘w-as ample the LPMs provided herein, or

pharmaceutically accepiable cFerJvatlve‘s thereof are mixed with a suitable pharmaceutical

carrier or vehicle for sy.l;temtj, 1t pig mtmglgmxm Compounds are included
in an amount effective H'Bdﬂg tatel@{d Go,rder. The concentration of active

such m

cr oki nes,
chenoki nes
sai d cognate

roraoant Nnr o
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compound in the com;gs'tior viill W@jgon aacﬁtd] inactivation, excretion rates of

the active compound, th dos&f hedulf zﬁd amount administered as well as other
factors known to thosecien in the art,

Pharmaceuticatcalldd S Shio MVUNE hministeation of the conj g

and for the methods pWecthhin theH @AMy such carriers known to those skilled in
the art to be suitable f rgode of administration. In addition, the
compounds can be fo eutxcally active ingredient in the
composition or can be mbine thh o er active ugredlents

The precise amébu ogi ~of the therapeutic agent administered depends on the

particular conjugate, l‘hl: l'mtt o@(ﬁmﬁk;ratm% dler such considerations. It can be
administered in a slow ilessmiverﬂgep,_sus as, but are not limited to,
’

microspt hposom felcs, nanoparticles, and colloidal carbon. Typically 2

therapeutically effective dSs ould produce a serum concentration of active
ingredient of from abox.lt\@fgl ijollt §—100 uﬁ'\ . The pharmaceutical
compositions typically atluld pgovidzMga&" from about 0.01 mg to about 100 -
2000 mg of conjugate, *eﬂtﬁn@roﬁe conj% dlected per kilogram of body
weight per day. Typlc y605ntrave Oyst ic treatment a daily dosage of about
between 0.05 and 0.5 0] ¢ sufficient. Local application should provide about
1 ngup to 100 pg, typ‘:z:é Ql&ug‘to about 10 pg, per single dosage administration.
Tt is understood that thAmM ez@rIm&r will be a function of the conjugate selected,

the indication treated, o PR Gy @mﬁm‘f wfll be tolerated. Dosages can be
empirically determined, Tlg lzamoiieltﬂr éh disorder.

The active ingre ent c m.lstered at once, or can be divided into a
number of smaller dose! tﬂe a ed atintervals of time. It is understood that the
precise dosage and durM utlz&g ﬁiﬂl@& lwf &3 tissue being treated and can

be determined empmca@f}smg@zhf 23 1 e ] t»ro@cols or by extrapolation from in vivo

or in vitro test data. It 1ﬁﬁgfe1.tha tntetirxav:éand dosage values also can vary

with the age of the individual treated. It is to be further understood that for any particular
M‘rle

2! djuted over time according to the

di sease

( CORD) .
Patients
w t h CORD

havie 11k + A A

subject, specific dosag
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1 1223- 36,

2003;
individual need and thgﬁ Si j ept of the person administering or supervising
the administration of oxj;og;as, and that the concentration ranges set forth herein

are exemplary. . X

The compoundBl buﬁ&ﬁd in microrged or other suitable form or can be
derivatized to produce Oge?nluble 3t§ve pr@.@at@roduce aprodrug. The form
of the resulting mixture depcﬁ U n factors, including the intended mode
of administration and the solub compound the selected carrier or vehicle.
The effective concen is sbz [h jo !mnom g the targeted condition and can
be empirically detenniMM&ﬁlttJa composition, the weight fraction of compound
is dissolved, smpende(R@&ﬁed or otherwise-mixed in a selected vehicle at an
effective concentratmnglit @G?argﬁdgondmon is relieved or ameliorated.

For local intern: 51«6 ation, as 1ttramuscular, parenteral or intra-

articular administration, Thé compoinds are genera y?ormulated as a solution or

suspension in an aqueo@ ased ium, such ds 1sotonically buffered saline or are

combined with a bioco@@lﬂe elb)x_t or thh@eGnded for internal
administration. Fl ew NE S h

The resulting mi s can ujjos spensions, emulsions or other such

mixtures, and can be form afed as an agqueous mu?wre creams, gels, ointments,

emulsions, solutions, e]ng 9, sus*ggtg lmctures pastes, foams, aerosols,
irrigations, sprays, sup@ﬂﬁ, b@d@@, @ﬂ’othcr formulation suitable for
systemic, topical or locﬁmw. o X.

Phannaceutical e’uc c or vehicles suitable for administration of the
compounds provided herem i lude' ch carriers n to those skilled in the art to
be suitable for the pam;lﬂﬁrzde g‘i 1strzog éi?idltion, the compounds can be
formulated as the sole p,’tlanthﬁ@ﬁ@ﬂﬂlgagm in the composition or can be
combined with other acal* in_gre’dientsi. 'l:he active compound is included in the carrier
in an amount sufficient jcally useful effect in the absence of serious

toxic effects on the treatéd é)dividual. The effectivle concentration can be determined

11198. 106,
2006 ; Rata
slot.. Cell

Deat h
19 <iinnl 11-
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CI D. Patch,
empirically by testing mpgunds ysing & 1:itr in vivo systems, including the
animal models descritsg -~ I78 gﬂ

ed herej
Solutions or suéelﬁci"ised for loc%p\’ilmon can include any of the

following componentsQ {erile a]tem, spch as water for injection, saline solution, fixed

oil, polyethylene glycoq-qychia quyal;: glycgozother synthetic solvent;

antimicrobial agents, such as benzyl alcohol and methyl parabens; antioxidants, such as
ascorbic acid and sodiu hisulfije; chelatj agent; ethylenediaminetetraacetic
acid [EDTA]J; buffers,‘gcyiz‘;teggles I;Eliztes; and agents for the

adjustment of tonicity 5h ag sodilgalni@ e(lexlroQ Liquid preparations can be

enclosed in ampules, dwble@in@ p]“eme (}ose vials made of glass, plastic or
other suitable material. [Syi iers ihejude pipysiological saling or phosphate
BIOGr e 144 o

butfered saline (PBS], 2(161 ensjons and solutions can contain thickening and
solubilizing agents, suchas’glicote, pdlyethylene ghycol, and polypropylene glycol and

mixtures thereof. Lipotonsl kque]!sigs'ala(Qla buitable as pharmaceutically
acceptable carriers. Thk@a@t p;epare@a_cc@i&@nethods known to those skilled

in the art. MJ Nbd ,

The therapeutic gsnt Q the methods can;pe administered by any route
known to those of skill 1 the aft, Such s, but are n@&nted to, topically, intraarticularly,
intracisternally, intracc@hHy singraventricularly, intrathecally, intravenously,
intramuscularly, inﬂpﬁn&[lhifﬁz}deﬁn‘llﬁnh‘a&@dm as well as by any
combination of any twmf}‘rnthm
Th t suit: b? bf dgér’ti 4 depend the di
¢ most suita l'j:l ga nix al ?g epending upon the disease

state to be treated, for example the locdtron of the inflammatory condition. Modes of
administration include, ;)U.t ar;a-lmcl to,e:l;iclﬂly, locally, intraarticularly,
intracisternally, intraocﬂa@,@{av_engicula‘rly, intrathecally, intravenously,
intramuscularly, m\ratrz}QﬂlP} i.nn".apexitla-‘eally, intradermally, sterotactically and by a

combination of any two 0) ereof. ample, for treatment of SCI and other
7 g ot B
CNS infl y condi ocal admi ion, including administration to the CNS

fluid or into the brain (e;g.,I ingalllly, intraventricularly, or intracisternally) provides

:361-61,
2005 ; Vain,
Chest 127 :

2243- 53,
o YaTal=
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the advantage that the can be admini d in a high cc ation

without risk of the comy catlon that ca.n acoompany systemic administration of a
therapeutic agent. Alte a v a tlon can be by sterotactic inoculation into the
brain such as, for examy I of tumors. Similarly, for treatment of

inflammatory joint d:s@@ﬁc{l abnfn@éﬁoa@ﬁ}@n of the therapeutic agent into
the inflamed joint (i,e.,rn i ulam ir@éna.xg%maneous means) can be

employed. As another e, 2 disease state iated with an infl ory skin

condition advantageously can be Treated by topical administration of the therapeutic
agent, for example fomslgcl ﬂg [regl§¢!l, §oinm1ent. For treatment of a disease

state associated with anw@@paﬁnﬁizbnalm, the preferred route for
administration of the thrraﬁrfic&rnteat b'f bmhalation in an aerosol, or

intratracheally.

Hence, the con) es can be agr]mmstered Ey any appropriate route, for example,
orally, parenterally (e.g LGQL\Q}J ugapmtoneally, intramuscularly, intradermally,
via subcutaneous m]ecthnKiniﬁdlﬂ eyplamt), nasally, or via pulmonary, vagina,

rectal, sublingual or topE:a rg@:ﬂgiégm’-liquid or solid form and are formulated

in a manner suitable for aa'rlln ation. Preferred modes of administration
depend upon the indication treat d ermato and ophthalmologic indications will
typically be treated locaily Q Xd other such disorders, will

typically be treated by &;mu 'ml‘mlaj m@l‘mﬁﬁ, stereotactic or other modes
of administration. The hrlrmlsntu?n d@y infctBAsing e.g., intravenous or
subcutaneous means}, bmu@ ﬁ?b?j)paﬁfmﬁyi:.ﬁsim for slow or timed-
administration (using e.ﬁ slow-release del i or 'F]l pumps such as osmotic pumps, or
skin patches.) u p ri

The therapeutic li.gdnt eadnGM in an effective amount. Amounts effective

for therapeutic use will, Eﬁcoﬂ%me sﬁ'fvdf the disease and the weight

and general state of the Ca’.iijv Iﬁ ae route of administration. Local
administration of the thepapeutic Fiem will typically require a smaller dosage than any
1)

gl[EEl[cal c<§centrat10n of the therapeutic
Dictate

Mol I | a
Scl ensi s
Traumati c

Brairn | nit r1ir 7

mode of systemic admi
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agent can, in some casNeF*erlﬁallodrslocal administration than can be achieved
with safety upon systemio administration.

Since individualSubjects Can present a wide variation in severity of symptoms
and each therapeutic a ;)k h§ ﬁlﬁ&@&peﬂﬁc characteristics, it is up to the
practitioner to detmnipudbjm@# tyrsatment and vary the dosages
accordingly. Dosages Ed isvie«:aaspe@e u%ﬂidance in the amounts useful for

in situ administration oé e §rm1-d mposition, and animal models can in some
ective osa? T treatment of particular disorders. In

cases be used to determine ¢l
general, however, for llcahliministrano lated that an effective amount of
the therapeutic agent wR@ S pll)lll'K vakn @Faxye from about 0.1 picograms (pg)
up to about 1 ng per k@dygetglf Van'ous considerations in arriving at an effective
amount are described i ilman's: The Pharmacological Bases of
Therapeutics, 8th ed., :5}5 S, 1990 and Remington's Pharmaceutical Sciences,
17th ed., Mack PuinshA% h[(m‘a 1990; and in the studies of Mantyh et al.,
(1997) Science 278: 27% ﬁv@lmmcmrathecal injection of a neuronal specific

ligand-toxin. Gbstructive
In one embodinptﬁ th?fﬁlﬁsalfls d methods provided herein, the

therapeutic agent is a stered ocally in a slow release delivery vehicle, for example,
encapsulated in a coll(ti;tidx§eg §s£¥n or in polymer stabilized crystals. Useful
colloidal dispersion sys@( ﬁlth nzGocapsules, microspheres, beads, and liptd-based
systems, including oﬂ-nFJyatbermggq ngelles) mixed micelles, and liposomes. The

colloidal system presen ?xﬁdvshé mor microsphere. Liposomes are

artificial membrane ves hich are usefi] as slI'mrelease delivery vehicles when

injected or implanted. k p r con]ugates and liposomes are

disclosed in U.S. Pateann y6a,nmlh ancorporated herein by reference in its

entirety. Other exampl%lovr@ﬁ ley’,ry vehicles are biodegradable hydrogel
matrices (U.S. Patent Nr. Bb FQMgiﬁcherﬁnjugaws {U.S. Patent No.
5,714,166), and multlv lar liposomes §epofoam® , Depotech, San Diego, CA) (U. S.
Patent Nos. 5,723,147 p@z

De nr af [

Exenpl ar y

Lei |l kOt ge

Sa_k, pe.
TANM LChNAW DY

e of microsphere suitable for
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encapsulating therapeuB agwrlmcal m@Wg into subdermal tissue) is
poly(D,L)lactide microggheres, ribedsg D. Fletcher (1997) Anesth. Analg. 84:90-
or P P

Besides deliver! eEﬁ’.c’tian\orapequo the site of trauma and
decreasing the chance Eﬂ@ﬂc Wlhcb@ﬁsmtion also decreases the
f the th [ such lytic degradati d

exposure of the 1 empiﬂWngoc&sse’f s’uc as proteolytic degradation an

immunological intervegtion via gatigenic and immunogenic responses. Drug

derivatization with, for example, mondmethgxypol ethyleneglycol) also can decrease

the likelihood of the a tlloxgligaoh egfhmon of therapeutics has been

reported to increase reslvatso’ protcRAI mNase plasma half-life, and decrease

antigenicity and immuijogenaityj pedylation methodologies are given by Lu
bty e FEp b pedriogen gies are g

and Felix (1994) Int. J. idy Protei . 43:127-138; Lu and Felix (1993) Pepride
Res., 6:142-6; Felix et nt, Jy; tlge‘f 5., 46:253-64; Benhar et al. (1994) J.
Biol. Chem., 269:13391’4 MU MQS) J Immunol., 154:3088-95.

The composiuoE W;d helB@ﬁ\er can contain one or more adjuvants that

facilitate delivery, sucq asfbl&philiniitesm, inert carriers, or colloidal dispersion
systems. Representativ n—lxmmrg examples of such inert carriers can be selected

from water, isopropyl a.nphol gaseous ﬂuor[icarb(]nsllethyl alcohol, polyvinyl

lidone, propylene Salge Qin §earyl alcohol, stearic acid,
pymo propy!
spermaceti, sorbitan mﬂnoolWy{lmggs well as suitable combinations of

two or more thereof. NB NDD

A composition ?rovldf?N‘em al be formulated as a sterile injectable
suspension according t ef‘hods using Suitable dispersing or wetting agents and
suspending agents. Thﬂﬂvg:ectable preparation also can be a sterile injectable
solution or suspensmn (Slloxn@@el%lly-&eptable diluent or solvent, for
example, as a solution ﬂMNtanediB NBle fixed oils are conventionally employed

as a solvent or suspenng Agurmrfﬁ bﬁlfpt‘se gly bland fixed oil can be
employed, including, b ot limited m - or diglycerides, fatty acids
(including oleic acid), nal m bcchmngage B like sesame oil, coconut oil,
L03|noph|Is
Eosi nophity

MAP, M, ?,
T r
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Transpl ant at
i on Dwaft
peanut oil, cottonseed oil, M&l[eralum%yntletlc ﬁﬁtbicles like ethyl oleate.

Buffers, preservatives, anti@ang w@uimble ingredients, can be incorporated as

roquixed. Oals/O

Oral compositions gﬁraﬂy includg an inert edible carrier and can
be compressed into tablets or enoloseg in gelati 9 ' the purpose of oral
therapeutic administration, the active cdsDeupd or gs can be incorporated with

excipients and used in the f%&jﬂeﬁ ﬁ@]ﬁs i)r *o@s’. Pharmaceutically
compatible binding agents ajdibv.a.nt miegls cWilncluded as part of the
composition.

The tablets, pills, caCsu_Qesl, troches and the like can contain any of the following
ingredients, or compounds sisiﬁ %ﬁ&dﬁ, such as microcrystalline
cellulose, gum tragacanth a&eﬁmgex% i:ut{\ as starch and lactose, a

disintegrating agent such asmg igté‘lﬁef tg%gl.lnced and corn starch; a lubricant
such as, but not limited to, stearate: a glid ch as, but not limited to,
colloidal silicon dioxide; SE@ hgent s sm or saccharin; and a flavoring
agent such as peppermint, ixeLySap:ﬁE tm’ﬁ‘m &lorﬁk

‘When the dosage wii} W V capsuF?W EIP?’ in addition to material of
the above type, a liquid caxBaTh IISJOD, dosage unit forms can
contain various other mateﬁs which modlfy the physical form of the dosage unit, for

example, coatings of sugar R agents. The conjugates also can be

administered as a componA( &Jn ﬂ& mﬁqn, syrup, wafer, chewing gum or the
like. Syrup can contain, mlvw o %ﬁve co_Fpounds, sucrose as a sweetening

agent and certain preservat\/aﬁyetailj I:oli:rulgs an, é}gs

The active materi 50 can? other acfive materials that do not
impair the desired action, of With mate at S¥pp¥iment the desired action, such as

cis-platin for treatment of 15@8 I NO p h | | S
Finally, the compo%an*%q as‘arvles of manufacture containing
packaging material, one omreDnjumomposiﬁons as provided herein within
Kay: |inB
oull; r -T
cel |
NK- nat ur al
ki“FTer “"gerre™
Th2nmypc 2

hal nar T
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(e.g.. ,,

Johnson
the packaging maten‘alenld ﬁll)el that indicates the indication for which the conjugate is
provided. O O 4
K. Methods of Tr( éent of Dl):ases an%)lsorders Using Toxins or Conjugates
Thereof

Provided herein-Fxf r@]ﬁr&f using a@@e ‘or more of the ligand-toxin

conjugates provided heRifa iR ludii ose containing a modified RIP moiety such as a
modified SA1, for theega6 ]8 ?;g;ﬁor disorders for which the ligand-toxin
conjugate is designed to target. By virfue of receptor-specific targeting of the conjugates
to cells expressing the @'lfcep’mr, the compositions and methods provided herein
permit the selective, de ianQ Mj)reptifsus delivery of therapeutic agent to cells
that orchestrate the resqown @\ilseass ’mrg@ of the conjugates to cells
involved in the pathophysiols c? ms_se dulatory and infl;
diseases and other traumas permits receptor-medialed internalization of the conjugates
thereby facilitating toﬁ%ted @l] to! [‘:yhnd elimination of pathological cell

components. ( 2 0 0 4) Al‘ C h
Hence, provide&i hﬂ:‘il *e &@plis allsing ) to treat infl v or
immune diseases and ¢ Ps Werthgl.? such conjugates to treat such

diseases or conditions, 5 jng of stem and the participation of

pathological cells to th erb. ofsuchldi€eate is required, as is a discussion of the

limitations of current cmmﬂa‘m d‘he following discussion provides such
background prefatory Q IﬂlS@*lOﬂ o( t@% 1%1&1 use of ligand-toxin conjugates,
such as those contamm xin, in the treatment of exemplary diseases.

1 The Im Y ens& tem and Inflammation

The immune syst rfl Ci v1ded the innate and adaptive arms which
together confer an mtacRJunbﬁllrvcrﬂaQe axalmsdefense system. The system
includes several heteroR@t@t)plﬂ]mons of leukocytes which include but are not

limited to monocytes ox(m?@l@g prra're to as mononuclear

phagocytes (MINPs), neutro s (pol, :;Iﬁ onuc]ea: neutrophlls PMN), T cells, B cells,
ce

eosinophils, basophlls 'ﬂer 5, den tlc cells (DCs) and mast cells

vang (2005)
Carr. Op

Phar macad.
= 929RA . 71 - Ao
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medi at ors
rel eased or
activated by
kukoeyt es,

(MaCs)). The innate ixfﬂne sys[ehr ies,01 (ﬁli ithnrdiately reactive toward

invading entities such as microbes and includes MNPs, dendritic cells, neutrophils and
NK cells. The adaptive system includes Tand B cells, which require activation
by antigen presenting cﬁﬂﬁn&pllly@mﬁa&s, in order to target specific host
invaders. Cells of the ilm@ W@@W@ responses work in concert with tissue
residential cells (TRC; ﬂ_g%ﬁlbieﬂg) Poéer tctj.lia'tltain a homeostatic balance in

many organ specific prfcaﬁ:se imhfdﬁjm ryogenesis, angiogenesis, lymphocyte
trafficking, wound healing, tisSue repalf, temiovat of cellular debris and other unwanted

agents such as microbepv[mesm&gell &onal, Esche et al., J. Invest.

Dermatol., 125: 615—28&00@3‘1}@1] ei@., Indian J. Med. Res., 124: 23-40, 2006;

Bunde, J. Exp. Med. 206 é%l-f, 200{; YP@waniy gal., Methods Mol. Biol. 315:
13-34, 2005; Martin m];éIﬁT‘:éll Tren ell Biol., 15: 599-607, 2005; Kim, Cur.
Drug Targets Immune Endocr. etabX Disord,, 4: 343-61, 2004; Moser and Willimaon,
Ann. Rheum, Dis. 63(&%@%@&0@ Lt £ Nat, tmmmunol., 5: 971-4, 2004;
Schaerli et al., J. Exp. rfm@ I99: 1as-7gqoov @7 and Miller, J. Immunol. 173:
3916-24, 2004; Middlepofyet . : 3853-60, 2002; Beyer et al., Glia 31: 262-
- di-gEase,

a. Home(l)st:giil

Homeostatic inEax@nKﬁﬁ aylultilfafton'al biochernica} process that is

orchestrated and perpeeMe'EctivaLeb @'s and activated cells of leukocyte lineage

with a pivotal role of ﬂﬁoasaéle-mesi@%inmin. é)luble factors released from
injured and dying cellsénﬁlmo pé)fi é ﬁnglfx i!}zﬂged antigens like bacterial

lipopolysaccharides (LPS) and ¥iral envelope proteins working via the complement and
toll receptor system m@om@ﬂ@gttsmh

response, leukocytes utd@o p%\d phenotypic changes including the upregulation of
cell adhesion molecul* (?A@atd s to:vﬁokines and chemoki_nes for
trafficking and commuﬂ':fnig @'thcgeéeukocyte groups. Once at the site of invasion
teukocytes produce an ent of cytptoxlc mediators. For example, reactive oxygen
and nitrogen species, pl tLol%girzgdea[d l%:osanoids kill off invading microbes and

or haninis
isto
elimnate
cel lul ar

~ormMmnnont o

nflammation

e activation and recruitment. In
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214 cells CT
ot her vxi se

i nhi bi t,,

gr owm h

fungi which are phagotytnLSfé)fn@ﬁfby mejrrphages and PMN. At wound sites for
example leukocyte (esp g macrophage) - derived growth factors (GFs) including
Ci

vascular endothelial gri GI') and fibroblast GF (FGF) facilitate
angiogenesis. Proﬁbmmtyrasb Q Laﬂsf&m growth factor-beta TGF- facilitate
scarring and wound het]ixl@](@ﬁh@@fly et ;rhe) Methods Mol. Biol. 315: 13-34;

Puncet et al. (2005) Ant ngrysg"ézttgéedMol Physiol. 288: 1.3-15; Taylor et al.

(2005) Annu. Rev. Immunol fa 01-44; Byrne et al. (2005) J. Cell Mol. Med. 9: 777-94;
Carroll (2004) Nat. Immunal 5:98 -6 Iwasakn and Medzhitov (2004) Nat. Immunol. 5:
987-05; Martin and Lelbol M0 Trends Cell Biol. 15: 599-607; Liu and Pope (2004)
Rheum. Dis. Clin, Nartiz. ﬁ\ﬁ@iQ-V,@ﬁ et ciL ©V05) Jmmunivy, 22: 285-94;
Gordon (2003) Nat. R IIrTrewl 3: 23-5; Borish and Steinke (2003) J.Allergy Clin.
Immunol., 111: S460~7 Crogs -Welsh (. ) Trends Pharmacol. Sci., 22,
201-7; Trautmann, et ai ﬁ[‘:jtlr: ‘g,%oﬁé enerally, such immune
mediators generated byd lxvz&(ﬁem& pr@[ﬁve, but in certain pathological
situations they can bectdef h@@lrand)@ftuge’diseass.

b. IfatBlrgica

Inflammatory r sps gre mrediated by immune defense cells that accumulate at

the site of tissue injury pr trauma to 11d the body of unwapted exogenous agents {e.g.,
microbes) or endogenols Q}MSQ Mr@ 1L Jox}es)l to clean up cellular debris, and
to participate in tissue dndﬂcfmli halmtmlna e molecular mechanisms
involved in these repa:atory (mﬂa.mmatory) processes can initiate secondary tissue
damage, which, in tum es 6 eq ﬁagxgsjf ag persistent pathology of a
number of mﬂammatory diseases. Thetnolecular mechanisms and the cellular and
chemical mediators invalved Q£condary tissue damage are similar, if not identical, in
most inflammatory disd S hGCrbr Sample, in pathological situations induced by

activation of a great nuﬁm'ﬂf@ m<¥uclqe7ut not limited to, viruses, bacteria,

0xia, ischemia, proteinuria
, CoH
(protein in the urine), advanced glycatidh end pligducts (AGE), autoantibodies, systemic
l 12 (04

P proinfl

1

nucleotides, complemerh, [ ulins, and envir

the nodified
toxins, are
cl art naki ne
| i gat ed-
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particular,
pollutants such as cxgattttﬂnf € :a.tf té St‘lvatlon of cells including, but not
limited to, a variety of Eukoj}ﬁt ]n hdrglghal cells of the CNS, mesangial
cells (MC) of the kidne e a 1al cells o y organs. The stimuli can be the
initiating factor(s) of di sc:lse mmaay leukocytes are the soldiers
of disease pathology. @mn@ Kd k@Dt leukocytes express and secrete among

other things members {f < ©f i emdki d growth factor superfamilies, which
1qvﬁﬂd {ipr e P
facilitate leukocyte ac ﬁl t onén&f)rohferauon at the sites of inflammation.

The specific chemokm ther prainfl: tory melecules released by the TRC of
any given tissue deﬁneS%jedﬁc l Vil d any given disease or trauma
{Lindemans et al. (200b@|’t Exp]m]u@)ﬂ, 144:409-17; Puneet ef al. (2005) Am. J.
eetmbvin i oo

: 63-8; Liu and Pope eu) in , 30: 19-39; Tetley
Chest 121: 156S-159$;QW W em[oj(—i) f:j Z\hl.é;qﬂad. Sci. 1051: 362-71;
Drinda, ez al. (2005) RSA . Int. 25: 411-3; Raivich and Banati (2004) Brain Res.
Brain Res. Rev., 46: ZM m)taﬂ;kJ-Rl)dﬁdzl (iod?i] Ann. Agric. Environ. Med.
11:227-31; Hou et al. (IZOWG @m Soc. Nephrol., 15: 1889-96; Hayashida ef al. (2001)
Arthritis Res. 3: 118-2(? Gﬁcé—faﬁb dzé, (2002) J. Immunol. 169: 6467-73;, Kim et
al. (2002) Blood 100: 1]-6; Perez de Lema (2001) J. Am. Soc. Nephrol., 12:1369-82;
Barnes et al., Eur. Respb -88, 2003; % Lt!:r et al., Nat. Immunol., 6: 1182-90,
2005; Charo and RansoaSN ﬁg. JIMJI&Q Bd21, 2006).

Precisely whichvafmitoaﬂtlatorslsuch as cytokines, chemokines and
cognate receptors, emplSMpa l(igical 'éﬂammation depends upon the exact
leukocyte subtype mvulved the nssue or tﬂjjn r)n quesnon and the stage of injury or
disease. In addition, the Te. ease of it echat ors can lead to pathological
ecycles that become peqﬁuatmt eanmlt, cytokines and chemokines perpetuate their
own production and are%afdiﬁ'@mocytavia autocrine and paracrine
mechanisms. They also miuce ﬂesynthesm and release of cytotoxic compounds from the
cells that they target. In additionto neurotoxms 4j1dent and infiltrating leukocytes

release the same mol used or 0 oses in order to mediate tissue

SAl noi ety,
or any ot her
nmodi fi ed SAl
known or

Al ec~rnviar oA
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damage. Cytokines ané.oﬂrlt\oﬁlfs Wﬁ)@ession of cell adbesion molecules

{CAMS) and cell surfai:e aﬁtfexrs (gcludin C 0?1; any chemokine receptors) on
various cell types inchiding leukocytes, endofhelial; glia¥and cancer cells. CAMs and
glycosaminoglycans (&Es) are essential for cell trafficking (or migration) in not only
homeostatic circmstatcea)ﬂ@ﬁnipagw infammatory conditions inchading
cancer metastasis. Thecqﬁ y é Hx{ace antigens contribute to cellular
activation which contripytes 1 production of inflammatory mediators. Tn
addition, the composition of the microbnyironmental milieu of inflammatory factors
affects the phenotypestf @LQ @IL i“orrelrgzple, neutrophils are known to express
CXC receptors but in ca@)t;asiesv(a&hadte hmg injury and reperfusion injury
they express CC recep@sﬁentlu*insC’CRZA suc h

An over-zealoug ltrafﬁl. égt\mnicha iyation and proliferation (increased
numbers) of relatively disgase-specilic subiypes of lenkocytes have been categorically
demonstrated to underlle tIJe mlupr bdngyt)fgwide range of hundreds of different
clinical conditions, disa{s']ayi traumas (see e.g. Table 6; Table 7). Tissue-specific

variations are principalaecntttq'r o(ﬁaetexeﬂ(ocyte subgroups occupying the lead
role, for example, michgl'éi.[leReﬁlbstygts éCNS inflammation; eosinophils, Th2

cells and mast cells (MaCs) in alJergic in ammation of the lung; and macrophages, Thl
cells and MaCs in chro§ U&e ise§§CK§').n[}/addition, leukocyte derived
soluble mediators such aﬂatldt d\{laitgrﬁldfactor (PDGF) and transforming
growth factor-B (TGF-ﬁ') amﬁef other pathological processes such as
angiogenesis and ﬂbros'é f:sfecé/té’t TG "mportance of absolute numbers of
leukocytes in disease/chronic inflammation pregess is underscored by recent studies
showing that postmenolgugl j’men mgﬂle\%[y‘te cell counts have a 40-50%
higher risk of heart atta&nrykes and death than those women with Jow counts
(Cushman, Arch, Intemg)Bit165: Y BT 20@5CHargolis, et al., Arch. Intern. Med. 165:
500-8, 2005). Alveolart'mimghgtpéy a role in the pathogenesis of chronic
obstructive pulmonary disease (COPD). Patients withy COPD have up to a 10-fold
increase in MNP nume;s § §v!ay 3 lgﬂie ch bronchoalveolar lavage fluid and

cal or otha
cel |
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to target

depends, upon

t he exact
sputum compared to cﬁﬁ.]f fimﬂaﬂy patients with emphysema showed a 25-fold
increase in MNP number in the tisgue and alveolar space Tetley, Chest 121:156S-1598S,
2002). Adoptive h'anQr k Ix El
macrophages correlate) witd mner@.z iIMu oteinuria (a marker of kidney
injury), glomerular celi piojifer&on and hypercellularity. Further there is a correlation
between leukocyte su eis aei Eﬁ seaxl}ty and progression of a diverse number
of diseases (e.g., Ikezuai(let él)elﬁéng Int., 66%}]-95, 2003; Brightling et al., N. Engl.
J. Med. 346: 1699-705,"20027 Patizer &f al’, Tranisplantation 78: 1341-50, 2004). Table 8
below sets forth referef J; S§Mn QJIe of various leukocytes in the pathology of a
variety of diseases andtdish‘@s. 'talj.e S4B {oh@exemplary lenkocyte populations and
other immune cells or ilssH rcs&ttjcélgrfoivem? pathology of a number of

diseases.
TAﬂlgéulgcgtes ixEthI;]}gthology of Disease

owed that the 1creafed numbers of glomerular

Disease/ Trauma Exemplary References
gtage o

Arthiritic Diseases g t §) Anrgﬁum, Dis., 65 : 294-300, 2006 ;
I n;:mm:s yal., J-¥Falhol., 208 : 35-43, 2006 : Ma and Pope, Curr.
hagm. 14.568-580, 20] jagruan ez al., Ann. Rheum. Dis.,
C ES@S&BZ& och, AIEI . Rheam., 52 : 710-21, 2005.

Cancer, Angiogenesis & Xvaﬂ?mmr Ref., {5 60512, 2006; Kaldmumana and
Metastasis Hwang, J Ceukoc, Bio‘., 79: 639-51, 2006; Allavena et al., Curr. Cancer
ev?b g? 5; Wang et al., J. Transl. Med., 4: 30, 2006.
wvani €7 al., Sémin

“ancer Biol., 14 : 155-60, 2004 ; Ben-Baruch,
ifhed ahead of print, 2006,

0l. Mech. Dis. 1: 297-329, 2006, Boyle,

Cardiovascular Diseases ", Anfu, Rev:
V&.'Phrmicn ; 63-8, 2005; Charo and Taubman, Circ. Res.,
JZO 4, t al., Faseb T, 16: 1838-40, 2002.

Chronic Kidney Diseases

=N n —

inagand N )Tpl 7: 368-77, 2006; Eddy, Adv.
i mm‘fﬁé 200; Segerer and Nelson,
orldScientificlournal 5: 835-44, 2005; Segerer et al.,
X3 )r.%l %76, 2000;Tipping and Kitching, Clin. Exp.
mmunol., 142: 207-15, 2005. N

CNS Diseases and Traumas i i A g % o 61-470, 2006 ; Jones et al.,
I I\[x:gm .11 :1223°36; 20050 Sindern, Front. Biosci., 9 : 457-
33004 ; Keimni 1lis, &y i. Res., 81:302-13, 2005;
t et aHE . Blood ar‘}iﬁb., 26: 654-65, 2006; Kaul and

h i e %s. +J67-86, 2005 ; Eugenin et al., J. Neurosci.,
e pﬁ;’é al., Celi Death Differ., 12(Suppl 1) 878~
92, 2005, Ubogu et al., Trends Pharmacol. Soi., 27 : 48-55, 2006.
Eye Discases G W J. Clin. Invest., 115 : 2363-72, 2005 ; Klitgaard er .,
Acta, Ophthalmol. Scand. 82 : 179-83, 2004 ; Wallace et al, Prog,
prom nent |
specific
di seases.

Therefore it

1 nncce!l hl Ao
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Disease/ Trauma e S I q n d‘.terrﬂaé?eferences
| 1{%3 : 4{5—8 520? ; ﬁshida et al., J. Leukoc. Biol,, 73:
Inflammatory Bowel Hanaue!, Inflamm. Bopvel Dis., 12: §1, §3-9, 2006; Oki et al.,, Lab
Diseases (e32)7) 2&3 Mﬁﬂ({ @8 et oL, Eur, . Immunol, 34: 1992-
|_2000, 2004; el ¢f al., Gut 55: 220-7, 2006.
Liver Diseases a ¢ and Haseqawa, Liver Int., 26: 912-9, 2006; Simpson et al.,
Clin. Sci. (Lond), 104: 47-63, 2003; Wald ez al., Eur. J. Immunol.
t al., J. Clin. Gastroenterol., 39: S90-
E10$ﬁu(§§ifzm Invest., 115: 56-65, 2005
Pulmonary Diseases W mﬁtyslol 11 Mol. Physiol., 288: 1.3-15,
lespir. Crit. Care Med,, 27: 128-33,
06; Pm q%ir 36: 1-4, 2006; Bames, Pharmacol.
%v‘;n @d J. Med. Invest., 52: 85-92, 2005;
ue and Tay Pathol. In¥” 53: 133-45, 2003.
Skin Diseases Bddey\dv. D i) €2: 251-77, 2005 ; Ottaviani et al., Eur. I.

Tmunungl., 36 : 118-28, 2006 ; Fischer ef al., J. Clin. Invest., 116 : 2748-
@goq ‘\,g:ﬂzalgg in. Tnvest., 116 : 2105-14, 2006, Kim et al.,
12, 2005. ; Stratis ef al., J. Clin. Invest.,
2004 B 4t akeFur. J. Dermatol., 14 :203-8,
Oggﬁﬂﬁ TR IF

Systemic Diseases

et i 3 - 178-84, 2005 ; Carulli et al,,
R(J, ﬁ7§ 2005 ; Cancello and Clement, BIOG,
2006, Tiligianni e ., BMC Pulm. Med., 5 : 8,2005;
réﬂ m 521 2109-19, 2005 ; Zaupieri et al.
Ann. YAcad Sci., 1051 : 351-61, 2005 ; Uzam, Chest 127 : 2243-

RS e

""O—Or‘ rT—'n

Transplantation Rejection

Hoffmann ¢ aTNephml Dial. Trapsplant., 21: 1373-81, 2006; Nicod,
g ppepg Pfc 3 : 444-9, 2006 ; Wyburn et al.,
TAnsp! it 1 -7, 2005 ; Perez-Simon et al., Drugs 66 :
C ﬁﬁmﬂ . 1‘. hrol., 61 : 30-9, 2004 ; Belperio
2! -530, 2003.

Vascular Diseases

gms et al., IMAJ,7 : 768-73, 2005 ;Foell ef al., ]. Pathol., 204 :311-6,
n Ishibashi, ef al, Circ. Res., 94 : 1203-10, 2004 ; Wagner et al.,
p. Rheuguatol., 21:185-92, 2003; Falk and Jennette, J. Nephrol.,

| 16 20)

Obesity

Disease/Trauma
Cancers (all organs)

Metastasis
Breast Cancer

TABLE 9:

General Growth, Angiog

Neels and Olefsky, J. Cli Invest., 116: 33-5, 2006; Weisberg et al., J.
0 @ tin. L?s?é% I:IE“ 2(@%; Fantuzzi, J. Allergy Clin. Tmmunol,,
115 91 vic et al., Circ. J., 69: 1484-9, 2005;

st., 112: 1796-808, 2003)

and severity

TesF]&e e o M};l'1 Eosinophils, B, MaC, PMN, DC,
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varl ous

Disease/Trauma el kocyte Subtypes

Glioma . TAM, ,DC

Kidney Cancer or di srmqm

Ovarian Cancer

Atherosclerosis
Myocardial Infarction
Restenosis

Diabetic Nephropathy
Glomerulonephritides
IgA Nephropathy
Lupus Nephritis

Alzheimer's Disease
Multiple Sclerosis
‘Traumatic Brain Injury
Spinal Cord Injury

Stroke
Eye Diseases
Conjunctivitis

Retinitis and Iritis
Uveitis
HIV and AXDS

Crohn's Disease
Ulcerative Colitis

Joint Diseases

Gout

Osteoarthritis
Osteoporosis
Rheumatoid Arthritis
Liver Diseases
Pulmonary Diseases
Acute Lung Injury

Emphysema
Bosinophilic Pneumonia
‘Pulmonary Fibrosis
Skin Diseases
Dermatitis

Cardiovascular Diseases S t at es

Chronic Kidney Diseases), [ QLI %Ptr,lp NQ gc

CNS Diseases and Trawna

Spongiform Encephalopat@%l | S , m,%c
"PMN, DC, MaC
Proliferative Vitreoretinoj y st a %}qm"r Q r
s ,B,

Inflammatory Bowel Dislease u k o C I¥t hg §3’Mac T
3 ., inophils, MaC, PMN
Eosinophilic Gastroentzﬁ(g 2 S u r eg,s!;oms,hﬁ 7 MaC, B, PMN

Acute Respiratory Distre* Swiromd | [ m%c MaC

Asthma Si s , B, Th2, MaC, NK
Chronic Obstroctive Pul ger mnﬁ: MaC, Bosinophils
Cystic Fibrosis npfy @ e S “Edstnophils, MaC, T, B

MNP, T, PMN

Sel ectifran.-of

agent etk
has actwimy e
agai NSprrnr.. .
pat holyygegal

a Ot 0 %l’, T, MaC, Eosinophils, B

qui escgypaoe

, T, MaC, DC

e MNP, PMN, T, Eosinophils

aCt | Vamd,PMN,DC
cel I's BHAR 5o
cont i QUES wac

am t ar QELEM e

f or D YD Bosinophils, MNP, MaC

CO ns | S tINP DC, T, MaC, Bosinophils, B, PMN
denoki nes

appear to

have nore

Tnfl iienecea 1| N
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Disease/Trauma S p e G I f % e%a{x Leukocyte Subtypes
Eczema P,T, DC, MaC, Basophils
aC, Basophils, Eosinophils,
Psoriasis C e | | t W’gg&
Systemic Diseases
Behcet's Disease t h r o u gn\l, T,a; MNP, Basophils, MaC

Sarcoidosis r e S t r I m_}l’%\gﬂ E?'s‘inm: glc(: }K;‘v’C
Scleroderma NK

Sepsis SUbsebm@ﬁJ

Sjogren's Syndrome H DC, MaC, PMN

Systomic Lupus Erythemeiaby QLI I a)m 1flsc, B, MNP, DC, Basophils

gll?::lst;{lanmtion r e C e pt Naprtg a.c ’ Ad'PQCYTes
e e e IMICP=- 3 Vo E G vaG. Besmoptite NG 5.
$$$$$ﬁ RANTES:. &t &c

s exanplenefr

Vasculitides P, Egsinophils, GC
oneiy Egan& Navikf
Key:csE;=B cell; T=T cell; I\(I‘ﬁqtu lgﬁell;ﬁa!e helpergoell; DC=dendritic cell;
Mf Nede— ononuclear ;ﬁ[]:go —}a(uﬁ ¥ ma sP jd microglia); GC=giant cell (mulﬁh;ugia;:d
st )i M- clate -pol hil; MaC=mast
i and "t ecept or
2 Dlameligpics
Several approat raiﬁﬁf ﬁ[ u‘fzr@'gg with cellular activities, including for

example, pathological 'oc§ and cancer cell activities, have and are being explored.

A frequently encountersd proSlenl with these many agents is a lack of specificity. For
example, i pp GRae D' 0k asr(]&costeroids, cyclophosphamide and

azathioprine have beensp A e 8amn@ & [lseases however the nonspecific
immunosuppressive efﬁ%)f ﬂrséwgé‘yz&ﬁf drawbacks. First, host defense is

compromised and can (_‘tause life g:aatanhg infect]'ons and an increased incidence of

malignancies due to a lack of imfnmoSurveill . S&bond, direct organ toxicity and

disruption of metabolingxgcess [ cQAﬁdsee e.g., Ingelfinger and Schwartz, N.

Engl. J. Med. 353: 836r9,aﬂ;g@] al@ifands, Ailment Pharmacol. Ther., 22: 1-16,

2005; Duncan and W1]b4 P'rotff'[n. ezga . Soc., 2: 449-55, 2005; Perez-Simon et al.,

Drugs 66:1041-57, 2006)._Other poprpaches also are being employed to increase the
oyt ons’.

A |igand
that targets
a broad
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Lot r uci n, RAW
| ES, MDC
MCPT, |
SD55-11

specificity and hence détnls_av\ﬂae fidaffects of drugs. For example, biological response
modifiers (BRMs) inclpsﬁ ﬁto jne an& chemakine geceptor antagonists; cytokine and
chemokine anti-ligand an odje-s; anti-ce a[i]:esxon molecules (CAMs), anti-GAG

and molecules whieh-# Fithe 1lular signal transduction pathways

5

have been developed (&M@m}tg (2004) Biochem. Soc. Trans., 32: 366-77;
Johnson et al. (2004) wm@ljﬁifﬂ&%; Eis et al. (2004) Arch. Immunol. Ther.
Exp. (Warsz) 52:164—7W5&1S‘ (2001) rugs., 4: 427-42; Ribeiro and Horuk
(2005) Pharmacol. Ther. 101: 44-58; Wohg (2005) Curr. Opin. Pharmacol. 5: 264-71; de
Boer (2005) Drug DiSLLV.PTt)-d 1@93 IOSMri an and Tak (2004) Arthritis Res.
Ther., 6:93-T; Barber of afl(2005) Roibga 11:13B3Nws et at. 2005) Nat Mea 1:
936-43; Schon et al. (29037*Invest ml.,llﬁll: %.1-962).
’ ’
BRMs, howevekréve hgtfj\ﬁm iseasg treatment because of the
i tT°0m

compensatory, pleiotropic heterogeneous nature T’ the various networks and

cascades employed in ﬁte g Knmxgattg erxe responses. Accordingly,

one of the reasons for tﬁlimstions of the use of BRMs in the treatment of disease is

due to the redundancy Mrdsﬂegql Wg Pagmery, including redundancy
among cellular receptof af;dﬁﬂ)hx[xjtfati)rs 8volved in diseases. For example, there
is a great deal of redux:%ncy n mediators involved in inflammation, such as by, for
example, members of” [yt@ills,rc]]emokine, and growth factor systems.

Typically, immlnntjlls u!re)yrqss several receptors for soluble ligand

mediators, and each re(a)‘mlk@c:nd to an one soluble ligand. For example,
the chemokines MIP-ISBTITEFdIﬂgC bﬁro WRS, but also bind to CCR1;

CCRI1 and CCR3; and CCR1 a‘:Ii ﬁz, respectively (sqe Table 5). Hence, antagonists
to CCRS do not interfefe \in e 'n@%-@, TES, and LEC to CCR1,

CCR2, and/or CCR3, a¥l cuBﬂ%«l’t inflammatory effects (see, e.g., Matsui ef al.,
(2002) J. Neuroimmun@ZS]@-abfr arjother example, inhibition of the chemokine

MCP-1 to reduce macral]agﬁnﬁliﬁaﬁon vig}flﬁfd‘ ase is not an optimal

therapeutic since other ch T:nes.also use CCR2 inzu ng, for example, MCP-3, MCP-

2, MCP-5, MCP-4, an Ilrlacx%)hagbs Expre:
WO

o@er chemokine receptors besides
g, ' '
201 15/ 080218
PCT/ CAM 222
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TABLE 1, 11:

Exenpl ary

Li pandQl1

BOB tri sease
CCR2 (see e.g., Table F),' F(isﬁmfp]éfdjinaka et al. (J. Am. Soc. Nephrol., 8: 1174-8
(1997)) showed thata tzahzl anti dy 10 MCP-1 decreased the numbers of
meonocytes and macroj i un 1 the glomeruli when treating the subject at
4 days, however, after yﬁ]ﬁ&s- dt decrease cell infiltration,
wrinary protein excretiin, |or Fre€def) formation. Thus, in this system, the macrophages
were activated not onhda/tCEHd\t afo by other factors that contributed to
glomerular injury. Foregample, aj ﬁr@m other CCR2 ligands, macrophages also
express CCR1, CCR3, 8 andl in some cases CXCR1 and 2, of which
some or all could haveLel:n m asglataﬁth t@&ewed pathology. Anti- MCP-
1 treatment also has beMvaedEﬁw;e no effect on clinical or immunohistologic
improvement in an axﬂfﬁs tr_iall(stpe.g, Haringman et al., (2006) Arthritis Rheum.,
54:2387-92).

Hence, most can idate thera elmcs dne but not all of the biochemical

mediators released or 4 yated Eﬁh

subtype on the false prelxﬂgBaeag_J&’cell type is solely responsible for a given

disease, which is rarelyl if] FV@%case. EW/@m?eanive approach to the

treatment of disease, di: , r a a is 0 cellular components, such as
leukocytes including pathéoglcal leu]gocytes an g Cs, involved in the pathology of
the disease. There is aLogimM {etlveg &nbe@&dcreased activity of leukocytes
and the severity of dxs&d arblﬁe;@@@@loglcal parameters (see e.g., Wada et al.
(1996); Zoja et al. (IQWM(I%& Nikolic-Paterson and Atkins, Nephrol

Dial Transplant., 16 (Sﬂtl 1,7& g }ipr € ]éf elimination of pathological

leukocytes, such as activated leukocy ab hsh ¢ production of inflammatory

mediators and toxic m Em e@%&ickmg which is responsible for
the exacerbation of ma@ dsasts.egnplaof m candidate therapeutics are ligand-

toxin conjugates, artidxl e clfenjol -receptor targeting conjugates that target
p

activated leukocytes. lferice ﬁlcri ct)nagates aré&:ﬁ?ﬁ;? therapeutics for diseases with

an mﬂammatory component that share’an underlymg inflammatory pathology.

Mlmcon]ugales
D rnanr a

ey kill one particular lenkocyte



I 4
‘WO 2008/080218 i & PCT/CA2007/002278

20

25

Conet s

013-1M 11410

MG 1,13

ENAt I R

Ligand-toxin c%e beﬂen\traté rmgre known that specifically

target one or more ﬂml\?f;ﬁ poglatica invczl‘-/ed in the pathology of a disease.
Included among these are ¢] EmokiTe me conjugates, such as are described in U.S.
application serial Nos. , WD 3,851; and 09/792,793, now U.S. Patent Nos.

7,166,702, 7,157,418 af§l @W,—Biﬁ. F}ch conjugates target to one, and typically more
than one cell type, via Bfgr@ag tne or more than one specific cell surface receptor

and are internalized leagli illing of the FW the toxin moiety. Using such toxin
conjugates, it has been demonstrated that specitic and judicious eradication of leukocytes
and other cells, includi 0) T)giZ;lQukoLth, a@e efficacious in disease treatment

{see e.g., McCarron et MSW@IM F)ABR-80; Pastan et al. (2006), Nat. Rev.
Cancer 6: 559-65; Frauke] et j(2§07, i ., 8 545-57; Pastan (2003),
Immunol. Ther. 52: 33 : 1,56!@2?12%?/1‘? tmi ?ESZ&Z-SI; Carter (2006), Nar.
Rev. Immunol., 6: 343-57; Cohen (2005) Med! etﬁzgﬁ 72; Edwards et al. (2004) N.
Engl. J. Med. 350; 257;—8h @Ibergtgen‘.i)%) ﬁ] Cancer, 95: 272-81; Cross et
al., J. Neuroimmunol. nu‘tme@ubhs@(f ‘online); Cailhier ez al. (2005), J.

Immunol., 174: 23364e\|aniR<elm R@sne.puieum. Dis. 64: 865-70; Sfikakis
et al. (2005) Arthritis I?le ash sdl.m[ I\ii-ljsléciPaﬁrson and Atkins (2001) Nephrol.

Dial. Transplant., 16: Suppd 3, 3-7; Rajan ef al. (1998), J. Immunol. 160: 5955-62; Hu et
al. (1997) Cell Immunol., : 2 Z{I], _Schuh et al. (2003) Eur. J. Immunol., 33: 3080-90;
Taoka et al. (1997), Ne}’Mw@L RIS, Wolf et al., (2004) J. Vasc. Surg., 39:

878-88; Duffield ef al.,({rt. SFathol. | 14D NIB? 2005).
Provided hereinﬁai%toxbc@lgﬁ:s confaining a modified RIP toxin

polypeptide. The conjugates can be used tﬁeat 1lvan'ety of diseases and disorders for
which the conjugate tha) §At§nls tlgm ed ngins is designed. As discussed

above, these modified ltgandeatonjugates exhibit reduced toxicity to host cells,
thereby enabling the hid ilies @A EPEBhe toxin. The increased production of such

modified ligand-toxin ﬁ{ﬁgeeijsraddlimwg forthetr)use as candidate therapeutics

and as therapeutics for ie truent of targeted dis¥ases and disorders. Modified ligand-
nllh@se containing a modified SA1, can be used to eliminate

pr edom nant
cM types

i nvol ved in
t he

nat hal ARy Ar

toxin conjugates, inchu
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cells or otherwise inh&ﬁ}:@ é r the metabolism thereof. The targeted
cells are those involve the pathology of dxseases or disorders, for example cells
involved in inflammation, angfogenesis, or cancers.

Among the con%[ ﬂIat I:oxguulle lificd toxins, are chemokine ligand-
toxin conjugates, desxgdtbd BRHS @ latipn @odulators (LPMs). As described
below, LPMs are desigbcé) e@@aﬁv@ﬂ:a&ologicm (inflammatory) leukocytes

and other cells or alter & me 11 e(%‘ ghﬁléh xploitation of the highly
ese cell

regulated chemokine ceptors expre! e ligand moiety of the LPM is
responsible for gaining! enlrygta.{ggj

receptor. Cells expres{nith&fp@@tt c]erﬂ@e receptor will uptake the LPM
molecule, which includa se(nltt hlbl@nwﬂl of the cells, kills the cells or
otherwise alters the me; b s by degrading viral nucleic acid or by
interfering with protem s esxg As the atlolo jcal cells are removed or inhibited or
killed, there is less and };h@xnmﬁcgtf @- involved in the disease
process and promﬂamhaﬁ'y nﬁi&lrs &ﬁ‘otox@dymhesized Hence, the multi-
stimnuli involved in the mt'f prcseu:cjhlﬂammation or other disease processes

(angiogenesis where th eﬁi w[g éntiotéeha.l cells, such as those that express
5|

VEGFR) are concomitantly

The methods prgianereln Q&tlg IUtgoeof and isolation of modified
toxins, such as RIPs, ot c*ﬂi@atem‘g fm:}l l@xd that are less toxic to the host
cell(s) in which they art p@ix:?'d ol Qe in conjugates or produced as conjugates.
Hence, higher quanﬁtieﬁ: u . ‘ ip$ are so potent, a reduction in

toxicity of 10-fold, IOO@EHed, even a 1010 fol(a; more does not impact on their use in

s via expression of a cognate chemokine

the therapeutic conjugal }Q(lelga to those of skill in the art or prepared
by those of skill in the k“ ef i tox@, axliclllarly, an RIP toxin, can be

modified by the methogkﬁ@ h by replacing the toxin with a modified toxin provided

herein. Many such cor@l@tg f Fn?wP fhﬁise bchde those in U.S. Patent Nos.

7,166,702, 7,157,418 and 7,192,736 as well as cytokine conjugates, such as conjugates of
growth factors and antiLo fes and other polypeptides targeting agents.

ncor por at ed
by reference
inthis
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Descriptions(
of the

i nvol veprent

of

Included amon* ﬂ)éhéﬁ}é-@(c y géeg\re those having a ligand linked, such

as a chemokine or active fragment theredf, directly or indirectly to truncated forms of
SAI1 such as, for example, a varian ir Vi % 2 SA1 as described herein. Exemplary of
such conjugates are LPﬁeJndILPMtb,)étmle SSEQ ID NOS: 38 and 40,
respectively. In partimi]a:ﬂconilgheontaining linkage of a chemokine ligand to a
modified SA1, include blaT lﬁiﬁil‘ro,dlg-?diﬁeéqAI identified in the methods
herein, such as a mutant variant 1 SA1 lf variant 3) or a mutant variant 2 (i.e. variant 4)
SA1 moiety, or any othér modified SAT known or discovered to exhibit reduced toxicity.
Exemplary of such LP! \ee& @e methods of treatment herein are any of the LPM
conjugates set forth in d}io@@ BS@ B, 14k, B 50, 52, 54, 56, 58, 60, 62, 64,
or 66 desr al bet |

Any cell or cellbcglie t6 eted by tglﬁaud conjugates provided herein so long
S ch

as the cell(s) expresses one or more one cell surface receptor that interacts with the

ligand-toxin conjugate dc%rmmlg ipfie illLeQa[iLﬁon of the conjugate. For

example, any such celi@uft d@pres{FB S Iemokfre@ceptors can be targeted by

linking chemokine rec@reargé%e@ﬁtrﬂe xa('aﬁ toxin. Exemplary conjugates

are provided herein, and jncly dyy 0] e :}é M molecules provided herein.
it A

Included among targeted ce [ukocytes Or 0 une cells, particularly,
activated leukocytes a.nmigx].tme C HJ, smastmﬁ imited to, monocytes,
macrophages (includint al@olaOhacrophages, microglia, kupffer cells), dendritic cells

(including immature oxpw ztn‘lntl: :tj]l; aalcangerhan cells), T cells (including
CD4 positive such as, ut ipited to, Th1 and/or Th2 cells, or CD8 positive cells), B

cells, eosinophils, basophils, mast cells, natural killer (NK) cells and neutrophils. Also,
included are any tissuegs i!ll ) s1ﬁu as mesangial cells, glial cells,
endothelial cells, epithtkaarksl tumoarlld ﬁ&bla&, adipocytes, astrocytes, and/or
synoviocytes. The expies@l of the chemokine receptors on the cells can be constitutive
or can be inducible, su e40 actixation o cells. Typically, quiescent leukocytes
or leukocytes engaged {n :%ij: f\tmcfti:;t‘fj laj;rel n?ﬂre target of LPMs, such as any
provided herein (McD+ ald g@r’;}-as,'mt;zg% &0&1 Generally, the LPMs are

conj ugat e.
Ono of skil
in the azt
can design

AanA caol art A
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There are
many
cat ego r +ES
of renal
specific to inducible ckﬁqokgcesa%@ge chemokines that are upregulated on

activated cells due to 1nﬂammatory or other conditions that can become pathological and
exacerbate the manifes! tanS o vanousﬂfseases or disorders. Hence, only activated
leukocytes or other acmlTlﬁ arin@lre ggeted chemokine receptors are depleted.

For example, i@rlan&&e&iin ofde.l t@@w and sustain a disease process
(e.g., cancer) or an inﬂinmﬁitora’esponse the cells involved are activated and upregulate
their expression of cell u@sér ug F)r 6 @1@ §: ligands. Because receptors
involved in trauma and case are ofitd upregula likelihood of the therapeutic
agent being mternahzed h@é@t cells, is increased. Thus, targeting of cellular
receptors upregulated 1dﬂse&@a:§e&&eases the specificity of a given toxin
conjugate for treating aipamtelair W disor(b.u t

Exemplary of disgase qr di eated herein are those having an immune or
inflammatory cellular component assocl with disease pathology, such as discussed in
Tables 8 and 9 above. themluIc @r am[leeJndmons such as trauma and any
disease that has an allea&u]tgﬁc, autoimmune, inflammatory or tumorigenic

component. Hence, € e c4lls] sych as but not limited to any activated
tapy & 1
leukocyte, such as any ety et 1.and/or any activated tissue
S RN

residential cell or other cell irfvolved in a disease or disorder that EXPIesses one or more

than one chemokine re: B: S lontemplated herein for the treatment of a disease or

disorder with a liga.nd—tgjn &Qnmr sk Ls aJ‘ LPM conjugate provided herein.
Any disease or bais, E’I"I’Eﬂ@ed by toxin conjugates, including those

that target cells involvsﬁiﬁur% = ﬁdéancer and other diseases, can be modified
by replacing the toxin p td j;p iﬂde é)mon with a modified toxin provided herein or can

be modified by the me ’ Exemplary FDA approved thierapeutics
that can be modified malu,t"ozgxnnﬁ Ivzogamicin is a ligand-toxin
fusion protein composegjf affppoaliizgd ﬁatloclonal antibody against CD33; Denileukin
diftitox is a ligand-toxis j‘\ﬁcln yrg]f)s?d ﬁthe human IL-2 ligand.
Selectionp and ‘Téxin Conjugate for Treatment of Selected
Diseased ‘Qll D

disease;

gl omensl onep
luitis (UN)

antirentroph
|
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As

deni onst r ana

by :m ng/

nodel and

As discussed ajqw ified in Tables 8 and 9, various cells types

exacerbate and/or conﬁ%%@ﬁogy ofa ; -
other conditions. Ina §vtn !!ilsﬁf 0§1§rd it s gsible to assemble a profile of the
leukocyte subtype(s) oF OQ] cﬁtprfvolved, and the type and distribution of the
associated cell surface ﬁ@@s{‘ex@@*} acg@r@)[ ligand-toxin conjugates can be

designed that target a Wﬁﬁ ? reélgr or receptors, thereby providing a
modality for entry into the affecting céll and a mechanism to treat the specific disease.

umber of diseases, disorders, and

As described herein, Sl%ql] and-toxin conjugates generally include a modified RIP
toxin, or active pomonMﬁE?;[oﬁ a SAl,mhich upon entry into a target
host cell kills the cell afS @dph@olir@] Iiisease. Hence, the selection of a chosen ligand
portion to target to a h‘d i:elfisfnésfn@l ﬁttor for design of a ligand-toxin conjugate.
The selection of a spectﬁvyl'g@n%t%in co(ifgatesmng disease requires the
following steps: 1) selectidg fhe dis€ase to be treated; 2) determining which cells are
present in excess and/ol' c&tﬁba lo Mcgitseae, 3) determining the expression profile

of cell surface receptor&ﬂldseleﬂé&k @8: 4) correlating the expression of the
cell surface receptor oxtothxi cegtypes that also can be involved in the disease; 5)

choosing a ligand that for ghe ch coll spnfas eptor; and 6) constructing the ligand-
EHEENBRTAETF

toxin conjugate,

Precisely whiclﬁ}@ng IheQ(xdnes,@fM étors, and/or their cognate
receptors to target depaghis uﬁx@lméll laodulzfib@) involved in a particular
disease or disorder, the@ﬂ@ qufst'glra.nd/or the stage of injury or disease. For

example, it has been shf“ﬁtgtlsp%i;fé glﬂrfnioréchemokine ligand/receptor axes

are expressed and pr 1n speciffe ¢ it is possible to design drugs
for specific diseases byl cﬁgngh'; rye@nnigmld @.roluemokine, cytokine, growth
factor) that target its caén&e@tor 'onfeuabl sﬁypes prominent in specific
diseases and traumas. 8 f or 2 O

Table 9 sets t‘orih :éfeéo‘ar@iﬁoéd'é&g and the leukocyte and other cell

populations responsibl the pathology or exacerb: ion of such disease. One of skill in

the art knows or can ideht! ggulgonsa{elg §ucmagmy one or more cells set forth
t herapeutics

t hat
successful ly
treat all

vt nne Nf
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experi ment al

Sfl has

shown ,,

simlar
in Table 9, which co: trp 6%(?5 seiprg?résmn Targeting of any one or more of
cells involved in a disedse or disorder by a ligand-toxin conjugate such as any provided
herein can be used to trgtlﬂ! ler. The selection of the ligand-toxin
conjugate to be used in €uc-r f&aﬂkt&pends a ﬁd{pression of cell surface receptors
on the cell or cell popuns@)aj t‘qe spyQFjcity of a ligand for such a receptor(s).
One of the skilled in thprhave (:r could identify receptors expressed on specific cell
types including considerations ofthe llSS m question or the state of injury and/or
disease. For example, Eﬂ& e;(pl;ss J:teh'm‘ued on a cell or population of
cells using routine expr&ﬁx:studi%}ls?b% jimited to, flow cytometry or real-
time PCR meﬂmdologiel 919:85;tested can be cell lines, cultured primary cells, or
cells obtained directly fpt? WTVIé Ihf disease or disorder (i.e. cells obtained
from the patient’s tissue, b]ood other soj , ligand-receptor specificity

Qt C imwng of skill in the art such as

can be assessed using rogtme mdmg assays
described herein, Li tplg can MJH'&, Q’ ample, by directly labeling the
ligand with ﬂuorescencapaa&'activity for direct measurement of binding to a selected
target cell via flow cytogegrlluor@%r adioactive means. Typically, such binding
assays are performed at<42 but als can: be rfoxmed at 37° C to determine if the
targeted cell surface re Etor me 1ates emlocyéims and internalization of the specific

ligand. For purposes o llgafxdf;oglgata’nm& lntallhzanon is a required
consideration since the @§ @sﬁ @@@hn@ﬁ cytoplasm of the cell in order to

exert its toxic effects. Of e h eno k | ne

The discussion el ge dl desi aﬁd (sfecuon of ligand-toxin
conjugates as exemphﬁed ectlon of 1e ocyte population modulators based on

the known expression profﬁsQf@le leJ anStheu' cognate receptors. Similar
strategies are known or bmﬁm I,lsdd @ialtn @dhgaﬂd—toxm conjugates. The

discussion is meant to bF eﬂmpltryhre The design of ligand-toxin conjugates requires

FRS o1- 1 1110 AV L
secondary
tissue
damage in
SCl whi ch
al l ows the

Aacat i |l i1 ~at
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macr ophage- t
ropic I11V-1
stralngw
general ly
vitro assays of toxic aciyity, élch @gfc aR’g’%)y against a specific cell or population of
cells, and in vivo assays of disease, such as, but not limited to, any described herein.
Selecti& Qd-])[sig ngl.m)tyt%pﬁaﬁon Modulators
Design of an Ll,’M aimﬂl trelat]@ a particular disease requires seleciing the
appropriate targeting aEFm sebel for exantplf aﬂlﬂxi)kine ligand(s). Chemokines for
use in the conjugates aréselegqf opding disease or disorder to be treated. Asa
first requirement, the lenkocyfes or other cells associated with a particular disease or
condition are identiﬁe(gg gilcgsredae[ei X tM contributions of various leukocyte
populations to disease Sk (SQX@RASand Table 9) or can be determined. A

second step is to choos* aﬂmic&dﬁx‘iol@eili@ﬂh’at targets one or more than one
chemokine receptor exﬁijfﬁ)r one tr Tox@t@xi ox&of the cell populations to be

targeted. Such chemoking ligands are chosen based on the specificity of a chemokine for

a receptor, as well as thyelxpgsgl%r%gof c%ﬂe receptors on various cells.
Chemokine receptor exHesi@ on @m}'pes and chemokine ligand-receptor
interactions are known a]ﬁrdt (ss 5 and 6) or can be determined
experimentally by one jlledin fhe

In particular, se:ﬁcpm-zdtra gtgrrg El)letmookil[e I§r use in the ligand-toxin
conjugates is one that hEgg E chergla rete;M)ﬂthat is induced under inflammatory
and pathological condjt\M] liutlis o exﬂtseh)ﬁ:rlls during immune homeostasis.
For example, Table 7 sy @rbge@ns'me @#}tor profiles under inflammatory (i.e.
pathological) and homofs‘tﬁi%ondl'g“: .\?uch a Table is exemplary only and it is
understood that the induced el)spres ion of chemokine receptors is context dependent and

influenced by various fa! t«lrs, fog ample, on the stinuli, disease, state or severity of

disease, and particular csltml;uallmﬁﬁd One of skill in the art knows or can
experimentally determi‘e m;g{mtldne Epfile expression (i.e. chemoprint) on a cell or

a population of cells duvlalixi(ius@tdyns Lbdfsease states. Selection of a targeting
agent that has activity agai sﬁiﬂmlogic cezs:?y\glot other bystander or quiescent
leukocytes, ensures thaténfa t g«L celis thar dontribute to disease progression are
wgered forkiting.  CNEMDKI NeE

co-receptors

(see Rubbert

et al., HV

Medi ci ne
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Certain chemolﬁsis ag to hav alﬂuence in specific disease states than

do others. For example, MC'P 1 expressmn appears to regulate acute experimental

autoimmune encephaloQ eli EAE) MIP-1a expression correlates with the
severity of relapsing EIELLI ajoﬂler b;lm}ﬂ Munolnstochemmal staining of
Alzheimer’s disease (AB\|orfi)Becimens indicates a predominance of MIP-1p
expression over severalatperfcheléiteﬁ for example, MIP-1o and MIP-1B
would be the ligands ofichajcg for njugate to treat MS and Alzheimer’s disease,
respectively. Ligands, such as MCP-1,  and RANTES, would be used for the
treatment of human M gga[: recettcg CCR2, CXCR3 and CCRS,

respectively are upregmd ﬂﬂw @east ht@ms 1, 2 and 3 show high specificity for
CCR3 which is preferesie}@(mqee})aef iyphils Therefore, Eotaxin LPMs can be
used for eosinophilic (Tlerg1§d§eﬁe§ncludmg various pulmonary and skin diseases
including asthma, eosinophylia-myalgia syndrome, nasal allergy, atopic dermatitis and
polyposis. Inan addltlﬁ ~4 is a chemokine used to target endothelial cells

and can be used for the@h&rﬂfax)ﬁ@ﬂdms dr dffler associated angiogenic diseases
such as ocular dlsordersalpbtites (saﬁ.dVO 95/12414).

Hence, consideai(mff ﬁ'xufgtors such as for example, the stage of the
disease, the severity of the alse and the tune and duration of treatment also influence
the choice of chemokm ﬂf [ulychemokme LPM exhibiting a
higher degree of receptd lpeSfﬁtaS @&uable lt :Il early stage of secondary tissue
damage, where, for exz*ﬂ[a_ @1@(&4 a@@macrophages are initiating inflammation.

Removing these cells vttlu Crgpe c%tﬁad‘educe the potential for activation of
surrounding, and as ye b gn 1ls. When other leukocyte sub-groups are recruited, at
intermediate or late stages ofétase r adcr ectrum of cell specificity can be
desirable. In addition, Cl Q;%HB l&l\d mﬁ& chemokine LPM would deliver a
very strong blow to thog} ﬁ;dcted populations of leukocytes that express multiple types
of chemokine receptorsC h cno k | ne

For example, MCP-1, Eotaxin and SDF-1p are examples of chemokine ligands
that exhibit a restricted an§ Q ﬁ Q Lpt§ binding profile. Such ligands target

also are
5prom crobi a
| raptors
and

fAarili + at
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very specific cell types throuﬁ] a restricted gflbset of available receptors. MCP-3 and
RANTES are examples [ 111 havmg road cell and receptor binding profiles. Such

chemokine ligands can@tr z@ ro a sxtglla 0&1&&-‘&6 of clinical conditions. A
ligand that targets a br@haxmg]'-q@gsmg receptor subtypes can be expressed

on all the cells or only n{@'xdtillsa'{hiw Ilargly a function of the cell types that are
specific to a given condjtipn or émmon to a range of conditions.

Based on the above considerations, LPMs can be designed. For example, if a

pulmonary disease, su%@ﬁ\lxxglinjlxr&@l, alut respiratory distress syndrome
(ARDS), or chronic obkwaite Fugbid c&mﬂ@b) is contemplated for
treatment, one of skill iil tve @ows (i.e. such as set forth in Table 9 above), or could
determine, that any one or \a e-cevyées expressed in such diseases including
PMN, MNP, T cells, mast cells, immature or mature DCs, and/or eosinophils express one
or more of, for exampl%)s{ , g‘%gnd CCR3. Hence, selecting a ligand that is
specific for one or moerF:)x@x&i)ki@ Scept&nd MCP1, MCP-3 or Eotaxin) is the
first step in designing am-t@{ﬂnj ff)r ee treatinent of any one or more of

ALIL ARDS, or COPD und e expression of specific
chemokine receptors on tbe dtferent pathologm eyte subtypes implicated in the
disease. A ligand-toxi ate Havilg MCP-1, MCP-3 or Eotaxin as a ligand moiety

linked directly or indir&nﬁ a lnoliif]ed@p{cl&hnﬁ‘ﬁscovered by the methods

herein and/or descxibediheﬁi.&sl@s:omemplated for use in treatment of pulmonary

diseases. Included amocgéfth ﬁ@z@itgxr cﬁJugate is LPM1d.

The following table st some exemplary ligands for use in the design of
LPMs for treatment of diseases and conditions.
neutroth
5 ’ Disease/Condition
i lerosis and i

SCI, Traumatic Brain Injury, Stroke, AD

MCP-1and 3, RANTES,’IP- Multiple Sclerosis
Eotaxin, RANTES, MDC, Rtgia%ﬁﬂ b een HIV

Eotaxin, MCP-1 and 4, MD: Inflammatory Bowel Diseases

y Joint Diseases (e.g.,

nitiation
and
mai nt enance

Anf +1 cciin
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TABLE 10: Exempla a ¥ + Nr
L ot Disease/Condition
TAC y j 0 I nt arthritis)
A Inflammatory Lxng Diseases
MIP-1a, MIP-1, MCP-1, 3414, Sﬁ@ﬁm,, Acute fung Injuries and Fibroses

ENA-78
Eotexin, MCP-4, MDC I l I I | a I I I I a l ( ”Al gic and Eosinophil-associated

L= N Difeases
KI"aney _or
MCP-1, I8 7 Inflanumatory Eye Diseases
DSt
Cancers
SDF-1, IP-10, MIG, IL-8, EXp- cec Glioma
MCP-1, 3, and 4, RANTES, SDF- hthadbadhndt) Breast

MCP-1, 1L-8, ENA-78

Inflammatory Kidney Diseases, Vasculitis
and Transplant rejection

MCP-1, RANTES, IP-10 | ung

To that end, a n@‘te@j@)&%gf}nd toxin fusion proteins (i.e. LPMs) have
been designed to treat 115&]01;1'5 zicc i t cell types involved in the
éthe dlS se. Exemplary LPMs for the treatment of specific

T
pathology or aggravatio;

diseases are set forth i m

TABLE 11: E bS8 BSEShs for Leukocyte Pop
Chemokine Iilgsrffl‘ fm a 135 f.l Vl Applications
MCP-l-SAIVar{(Lﬁiy)t 0 Kgley, CNS, Pulmonary, Heart and Joint

D

ases, Transplantation

Eotaxin-SAIV: e Lung, Nasal and Skin Diseases,
° " H@FN@ e asiﬁ:ﬁ}ﬂ‘:zg(iasmmtsnus n e
SDF-1p-SATVar(I0pVE) () | T Cpacgd pint Diseases and HIV
TP-10-SA1Vard (LPML 7) | ﬁncer, CNS, Joint, Kidney,
e g u ans tion
MCP-3-SAIVard CBMS) | | CNS, Heart, JQint, Kiney
Gro--SAIvard (pk] TG T Calegr and Joftd Bilehises
1L-8-SAlVard (W)h A | Cancer, Pulmonasy, Kidney, Joint
ot+HeH

4.

EXEmpm D‘SeQ@.S e 'VB. k e

Ligand-toxin cdn§248fibat tire Aoy Qrboly@n pathologics, such thase

associated with abenamgiogaeriséose with an underlying inflammatory

component, tumor cell

assocl
Wth

s and other aberxant

fllsew ily infected cells, are known or can

secondary
tissue

Aarnmnno
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25 di abet es,
i nsulin
dependent

di abet es

be prepared. The particulat TsTsa tobe treated dictates the ligand (targeting agent) or

LS

fragment thereof that is selécted. Any such Conjugate can include the modified toxins

provided and describecg&eiaill Lch nd%Eisuﬁporated by reference in this
section as well as all oth@S t d | sease
Exemplary of d(seee'fva\tyﬁias* stateE)aZpt’hose associated with the

proliferation, activation, aﬁg?aﬁon ofsvalri0§ es of inflammatoty immune cells
inchuding leukocytes aJQ other con 'b%x_lg cells of epithelial or endothelial origin.

These events combine § Mx&ct amu J.g&ssive and inhospitable environment at the

site of an injury or diselisdj@lc}&iology of hundreds of diseases and conditions,
involving most organ setfmyitvﬁmtsi@gctﬂinﬂmmamry responses. The

cellular components of, gmny of sié Ptgrihy jplogical diseases are exemplified in
Table 9 above. Such disedses and disdidgrs can beltreated with any of the ligand-toxin

conjugates, including a%%xﬁitingamdigd RIP such as a modified SA1 moiety,

provided herein and/or .bnﬁhfe(i as&mtre@ ﬁi)ynplary of such ligand-toxin

conjugates used in the Pe@S @Hg@s, in particular any LPM provided herein

that has been designed Yeﬁc 0 jre particular disease. Hence, the methods

and compositions provi ::y$jre Eaé esigned to transjently inhibit or suppress the
(2

activity of leukocyte sul ther cel@ adipocytes, astrocytes, and
others) and remove sm*cmat Bl idfla@Agk &Sy mechanisms and secondary damage.

Exemplary diso'rdfﬁ 4i1<1 coammlzdf, Y@y {ef not limited to, any set forth
in Table 9 above such ad {(.]I éam;fe,éardiﬁaf[j [isease including stroke,

atherosclerosis, and hypgrtension; liver diseasg; lung isease such as asthma, chronic
obstructive pulmonary Agsc (EJ)Q);, ag ung injury and acute respiratory distress
syndrome (ARDS); mfﬂrb@ryjﬁlg diseate m&ﬁumamid Arthritis and
osteoarthritis; acute hyéfengi@r, :ﬂtecrklge;y diseases including diabetic
neuropathy and glomera e]thr'fifﬁrﬂegﬁiseases such as systemic lupus

erythematosus and obesity; HIV infectiondnd associated diseases including dementia,
encephalitis, and nephr Jth}y g@v&h,Sle@/ascularization (angiogenesis) and mefastases
of several forms of cansrhfacﬁn&an&rhﬁl organs such as brain, breast, lung

commmon
f eatures
rel at ed
| at he

Tnfl ammrmmt Ar v/
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cancers, andovananczrlc Prlﬂa&@t@slsrél t including Alzheimer's

disease; Down's syndrom

fulﬁ]scleroms émal cord injury; spongiform
halop seg

a sepsxs sulcerative colitis and
Crohn's disease; skin d&&qu% g&reand l)stlm; eye diseases including
uveitis and retinitis and‘itisfa:ﬁ @®ife@ifQ fitreorctinopathy; and transplantation such
as graft versus host dis@sx(ﬁlfﬂéagigziﬁ/@ﬁ rejection,

Descriptions of the invo%rement of leukocytes and other cell types in the
pathology of some of thes¢ diSeases are deschibed below. Such descriptions are meant to

be exemplary only andﬁrﬁ&;mgdlto CpIml:ulQﬁM conjugate toxin or to a
particular ligand-toxin ®ﬂao¢mu@dll RSB Gn design and select a ligand-

toxin conjugate to be ugq mth@gtmew @ued disease, based on the known

cellular components. The tr.' 0 an be determined by one of

skill in the art. Considgrations in asseds| rFltreatment mchude; the disease to be treated,
the cellular componentj inﬁ)lregn thé d ge the severity and course of the disease,
whether the molecule isstmm%@for preventive or therapeutic purposes, previous
therapy, the patient's clsl@ eTlsrelﬁ ieslelse lterapy, and the discretion of the
attending physician. [

he 3' and

ancer

Cancers can be §€em\gx§ammato-g msgses even if the cells are not of
hematological origin. Gteqdu &m%y of da;ﬁenotypes ascribed to leukocyte
subgroups and by deﬁnEW }‘e@dedeamry cells. They have the
capacity to secrete protﬁé gdipromgﬂ%oa mefia@rs (including chemokines) and

to perform phagocytosis. In additioh, &dncer cells express various receptors including
cytokine, chemokine, gbva. c@r (& chptors, CAMs to facilitate metastasis; and
undergo ﬁansdlffercnnm @J anla(eltlelof lhfﬁlﬂtcolon carcinoma cells undergo

eplthehal—meseuchyma] tr@tnoawxdgq: ctmemtant increase in expression of CXCR1
and CXCL8 which enh d invasiveness (Bates et al. (2004) Exp. Cell Res.,

299:315-24). Quanﬂtatlve exan nauon of leuko:l):f filtrates have revealed, for
example, that tumor assgchmrta.carlh phocytes make up to 50% of
nethlonlne
start cedun
( SEQ ED

NO 31) at
+ hna K! =
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Cel | anl et
cont ai ni ng
LPM 1 a,l ate

absence of
the cell mass in breast an y garded as tumor (Elkak ef al.
T L e

(2003) J. Carcinog., eek et al. ( ncer Res. 56:4625-9; Murdoch et al.
(2004) Blood 104: 222ééQueen et al. (2005) Cancer Res., 65:8896-904). The fact that
MNP and recruited mctlofytamﬁn@ FltMt provide growth factors and aid
in angiogenesis and mgs_tasis Mts to thi@)ﬂm (see e.g., Ueno et al. (2000) Clin.
Cancer Res., 6:3282—9§/ é;rvigtgltaé)a Virchows Arch., 440:583-8; and references

in Table 8). .
b, RQLANI es

There are man; 1€ of renal diseases some of which are classified into
subgroups. These dise@@nlﬂue,exnlexd limfe@racute nephritic syndrome; anti-
glomerular basement HEDP,M diﬁlse' autosomal-dominant polycystic kidney disease;
glomeralonephritis (G antl-neutrophll .cyt asmic antibody GN; diabetic
nephropathy; diabetic gib: s o s fo t Encntal glomerulosclerosis;
Goodpasture's syndrona nep@) atﬂsmth rescentic GN; idiopathic rapidly
progressive GN; IgA ni:plif}]tate gﬁp\l; th[ rys_anganoproliferativc GN; lupus
nephritis; membmnoprMeraa'\./WEﬁiN Wnﬁnima} change disease;
membranonephropathy; nephritic s drome; polygmavirug nephropathy; post-
streptococcal GN; mplm:écentlc I\§r¢9 ‘ézg‘ (jectlon renal vasculitides (e.g.,
‘Wegener’s granulomat sir) &mulomterstmal nephritis. A small percentage of kidney

diseases may resolve, tb &@tst @rﬁmpn aai1 is either rapidly or slowly declining to

chronic kidney diseasefci(%fﬂ\gifh &fe W‘xﬂ CKD patients eventually

decline into kidney fzul re and d-staﬁe renal dlsease (ESRD). ESRD requires the

patient to rely on dxalysxs treatment or orl
Leukocytes an: nﬁﬂ: l@ Fl 1 roles in renal diseases and in renal
allograft rejection. Thm::\ﬂtiat&p fes@@ in CKDs can be initiated by activated
leukocytes, autoantibowssr iz@neleﬂ“)fes?emunoglobulins, DNA species,
nucleosomes, AGE, coj 1 ati these agents. An important
ly medlatr$ ar and glomerular injury. Antibodies

cither form complexes s inscluthd @;meﬁ:lzuzﬂgens and/or imnune comploxes
| ength
protein was
confirmed by
SDS- PAGE.

+ho | DNA A

initiating mechanism is an£
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Act i vi ty.es

of Vari ant
with circulating antig We ulumate ited in the mesangium of the
glomeruli. Several ren: efil'an non—renal ce]ls are activated and many different kinds of
soluble mediators inclu JE @tokmes chemokines and profibrotic growth factors are
released into the milieC @ﬁ@@tq BB ANEI@xocytes and all intrinsic renal cells
including fibroblasts; r@sﬁnglalncu ﬂv[m) rulﬂznasthehal cells (TEC); podocytes;

and glomerular pmetﬂ e Qa.rlcapablc of expressing these same

proinflammatory mediators, The general pal of CKD involves pyelonephritis

(PN), or infection of tht- Hereakdown of the glomerular basement membrane
(GBM) and parietal baaﬁnt nide.netPgM); MY infiltration; crescent
formation; fibrosis; des&.sig étg Sb@dmd WOHS' and collapsing glomeruii.
Unless there is resolutl the disease will progress with ongoing
inflanmmation, repeated re al mjury ro51s andprogression to ESRD.
Macrophages/monocyt! TE‘ s and MaC are the prominent lenkocytes involved in
CKD, Several chemolﬁ&:atd [heVd)gIat& rﬁ]ﬁ)rs ‘which regulate the activation,
migration and prolifera@f of thie leukatﬂ;_)es HCCKDs include MIP-1a/CCR1,
ENA-78/CCRS, fractalki % q/CXCRZi and IL-8/CXCR1/2.
As demonstrated by animal model and human studles e role of macrophages/monocytes

and MCP-1/CCR2 in s t‘v @fferéét@;{zs Lf Q(B { pivotal and makes this

chemokine/receptor axBa co%ixg one for therapeutic intervention (see Table 8 for

references). There are ssfully treat all symptoms of CKD and
8 Te

few that do without 51d ﬁ (e.g us nad al., Transplant Proc., 36: 229S-
2338, 2004; Slattery et I Am. L. Pathol 167: 395-407, 2005; Bir et al., J. Rheumatol.,
33: 185-7, 2006). Henc(ﬂgrgs a ea‘clr ar(;x&rgt therapeutic approach to CKDs,
such as is provided hertjnh e var | an t

o SHinaSyidltmjury (SCD)
The outcome ofépeab(ﬁi\lPU/ T) is r rfﬁllt of initial mechanical and

ischemic trauma with disruption ofgeiulari nic homeostasis which is rapidly followed

by secondary tissue darifige i e actions of activated leukocyte subtypes

including microgtia (1o ri@dend mGrkglaghd @M NG, renkocyte inflammtory
lmate (RIP)
assay.
| aPM ¢ and
LPhi | d

nr nt ol Nne
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are observed

mediator production andro tmf‘ cascades. These
within minutes and proccimr géranvg‘ljs and are followed by a period of partial
recovery entailing end&me lir and regeneration. The secondary damage is
detectable as necrotic aﬁd@@tﬁtif ceill c@:tx qf n@@fis and oligodendrocytes; cellular
excitotoxicity; blood—bgifr btrrié'banpital Fﬁrieﬁisrupﬁon’ reactive gliosis (which
leads to glial scam‘ng), € vascul ation; demyelination; loss of sensory and motor
function and post- SCI chromic pmi%ones et al. (2005) Curr. Pharm. Des., 11:1223-6;
Klussman and Mamn-&ﬁlg(hd@ mzﬁza/[edgifzﬁlﬂ; Lee ef al. (2000)
Neurochem. Int., 36‘41t—$] @Ti@Aal Il 998) J. Neurosci. Res., 53: 368-76; Carlson
et al. (1998) Exp. Neurg,l ISh é théi)eri ﬁlwab (1997) Eur. J. Neurosci.,
9:1422-38; Hains and 00 )J leurosci., 26:4308-17; Abbadie, Trends
Immunol., 26: 529- 34 t 8 a com matlon of primary necrosis produced by the
initial physical injury a§ %Mcevgfgxﬁated by leukocyte and astroglial derived
inflammatory mediator(tl@ leagt)_ ses:cndary tissue damage in SCI and the pathologic
mechanisms are simila]clle »i/idr sy ¥ dd diseases including, for
example, traumatic brain injury; strpke; multiple sclerosis (MS), Alzheimer’s disease and
HIV-associated dementia gg' ble 8 for references).

The acute mﬂaxn'anLG Il \%Q ECJ 1a! gv§a.l days but is overlapped by CNS
reparative mechanisms 4(:!1 anoﬂffroututg *xll@rmcd remyelination due in part to
differentiating precursva('deildlawt MNFS (microglia and macrophages) have

now been identified as g gt:iiyuoéelp]a& gxeseﬁﬂé xthagocytose dead cells and

debris and provide matrjx proteins jiowth tactors, neurotrophins and cytokines that aid
CNS repair. The dual 1eQ>r stn n‘l mg]and repair is evident in other leukocyte
mediated diseases incluSEAﬁnranmla}nemlonephnhs, liver injury; carotid artery
injury and MS (Dufﬁel (2@31’. ClinCypest 115:56-65; Dutfield (2003) Clin. Sci,
104:27-38; Danenberg tt ﬁ(@m)\?’rax‘arion h 9-605; Raivich and Banati (2004)
Brain Res. Brain Res. Rey. 46:261-81). Experimental SCI studies have demonstrated that
transient suppression of iﬂ\léc T gx{ and withdrawal of treatment later

allows for increased tis@e@ring Jndﬁﬂdve] behakid! outcomes. This is due in
Sh: Q11)
NO: 29h
resulting in
an SAl

NN ot v
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part to the reparative as t1 s and _pe[haps T cells (Jones et al. (2005} Curr.
Pharm. Des., 11:1223-3, 1 (2 24:4043-51; Wells ef al. (2003)
Brain 126:1628-37). D{gou o gimzcm in the early stages of
experimental SCI has Emltl mme oulomé(T ‘aoka and Okajima, Prog.

Neurobiol., 56: 341-584 58; P&dqich taRW Exp. Neurol., 158: 351-365). There
is a differential expres'gvi}lhgmfif gands and receptors implicated in the
pathology of secondary tissue damage in SCI which allows the identification of target
receptors using LPMs (Glaser et al. (2004) J. Neurosci. Res., 77:701-8; Glaser et al.,
(2006) J. Neurosci. Res. 84: 724-34; Ghirnikar ef al. (2000) J. Neurosci. Res. 5§9:63-73;
McTigue ef al. (1998) J. Neurosci. Res., 53: 368-76; Lee et al., Neurochem. Int. 36:417-
25, 2000). It is known that only a few residual axons (10-15%) are needed to effect
significant functional recovery after SCI (Yones et al. (2005) Curr. Pharm. Des., 11:
1223-36). Therefore dampening inflammation in the acute phase is a viable approach to
therapy. Eradication of activated pathological leukocytes is one avenue.
d. Hypersensitivity
Hypersensitivity reactions have been categorized into four (and sometimes

dinted

overlapping) main types (I-1V) all of which can be iated with i -

tissue infury. Type I (immediate) hypersensitivity takes place in minutes to hours of
exposure to allergens and involves B cell production of IgE antibodies which mediate
mast cell and basophil degranulation. Eosinophils also are involved. This reaction is
involved in several conditions including asthma, atopic dermatitis, eczema, conjunctivitis
and rhinitis. Type II (cytotoxic) hypersensitivity is due to antibodies recognizing either
self or extrinsic antigens on cell surfaces and mediating complement-dependent
cytotoxicity or antibody-dependent cell mediated cytotoxicity by activated macrophages
and natural killer T cells. Conditions associated with this reaction include Goodpasture’s
syndrome (lungs and kidneys) and thyroiditis. Type IlI immune complex-mediated
hypersensitivity occurs when antibodies bind self or foreign antigens which can be
deposited in tissues and results in complement activation and inflammation {activation,

proliferation and infiltration of various leukocyte subtypes). This is the classical
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30 LPMb

Ip 4 51
pathology involved in szsgs T p lonephritis, vasculitides, systemic lupus
erythematosus and ela ll- iated hypersensitivity usually
takes days to develoy mﬂij‘ls noygmbo ﬁ:g:nt 15 reaction relies upon different
subsets of T cells, cytrl‘.mB Wls an’]l.\acroplags which aberrantly destroy self target
cells complexed with self or extrinsic antigens. Neutrophils, eosinophils and mast celis
also are implicated in this type of reaction. This reaction is found in such conditions as

A,

diabetes

contact dermatitis, psoriasis, infl 'y bowel di insulin-d
mellitus, multiple sclerosis and theumatoid arthritis. All the above immune reactions
involve the trafficking, activation, and proliferation of lenkocytes to the affected tissnes
and organs (see Table 8 for references).

Contact dermatitis studies have identified several chemokine axes responsible for
the recruitment of activated leukocytes include but are not limited to IP-10/CXCR3, IL-
8/CXCR2, RANTES/CCRS, MCP-1/CCR2, MIP-10/CCR1 and 5. Different chemoprints
have been identified for allergic contact dermatitis, psoriasis, atopic eczema and atopic
dermatitis. Similarly prominent chemokine axes involved in several forms of cutaneous
T cell lymphomas, melanomas, scleroderma and systemic sclerosis have been identified.
This indicates that treatment with a carefully chosen LPM containing a relevant
chemokine receptor targeting agent would be useful in the treatment of inflammatory skin
diseases and cancers (see references in Table 6).

e HIV infection and AIDS and infections with other pathogens
Activation and infection of CNS microglia and infiltrating macrophages is one

efi

‘halimark of the pathogenesis of HIV induced di Human i qeiency viruses

(HIV) enter a cells via certain receptors, classically the CD4 receptor that are associated
with a specific chemokine co-receptor. The CXCR4, CCR2b, CCR3, CCR5, CCR6,
CCRS, CX3CR1 and others can all act in a co-receptor capacity. For example,
macrophage-tropic HIV-1 strains generally use CCRS co-receptors, while T-cell-tropic
strains generally use CXCR4. In addition, dual-tropic viruses can use CXCR4 and CCRS

co-receptors for entry, while other subsets of the HIV viral strains use a variety of other
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MCP-3 -4 57
IS LPMD,,
MT-la 4 59
chemokine co~recept06 Be REWI.@V WZOOG, Chapter 4, Hoffman et

al., eds, Flying PublisZ;,“P/gsj-
In patients with Bl epha@s%HIVE) CXCR-4 is expressed on MNPs,
astrocytes, and a sub-}leﬁM olr cholih@aaﬁnlns,ahereas CCRS5 is mainly

expressed on MINPs. It should be noted that the majority of infected cells in HIVE
patients (children and adults) appear to be MNPs and increased expression of CCRS
appears to correlate with the severity of the disease. This indicates that MNP-mediated
events can be important, at least in the late and severe stages of HIVE. The CCRS
receptor also is upregulated following bacterial infection of the CNS and in a rat model of
ischemic brain injury.

Increased production of cytokines (e.g., TNF-o} and chernokines (e.g., RANTES,
MCP-1, MIP-1a, and MIP-1p) is associated with HIV infection. Increased CNS
chemokines in HIV would account for peripheral leukocyte recruitment and cytékine
release with direct cytotoxic effects (at least in the case of the cytokine TNF-ct on
neurons and oligodendrocytes, and precisely mirrors the experience in CNS trauma.
Several cytokines including, GM-CSF, macrophage-CSF, IL-1B, IL2, IL-3, IL-6, TNF-a,
and TNF-B also can contribute to the pathogenesis of HIV disease by activating and/or
augmenting HIV replication.

Secondary damage occurs in HIV-1 positive, asympiomatic, pre-AIDS patients
(An et al. (1997) Arch Anat Cytol Pathol 45, 94-105). These investigators were able to
detect HIV-1 DNA in 50% of the brains of asymptomatic patients and nearly 90%
displayed astrogliosis. These patients also have elevated levels of immunomolecules, and
cytokines including, TNF-a, IL-1, IL-4, and [L-6. Neuronal damage was confirmed by
the detection of apoptotic neurons.

Direct neurotoxicity and upregulation of the CCR5 co-receptor by MNP-derived
excitatory amino acids has also been implicated in the pathology of HIV infection. An
increase in inducible nitric oxide synthase activity has been detected in HIV infected
microglia from AIDS patients. This indicates that the production of nitric oxide coutd

coniribute to lesion formation in HIV infected areas of the nervous system. Once again,
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the pathology of HIV e pathies, apgl pre full blown AIDS affecting the CNS,

appear to mimic the sec nd}xy ti;sue damage observed in SCI and other inflammatory
diseases. é

It has also been I‘DIEDB‘E sim&fexlolye,ﬂ and chemokine receptors also are
promicrobial factors ant fahl?ete infectious disease (see, Pease et al. (1998) Semin

Immunol 10:169-178). ?@qﬁ@]ﬁt &eéhgnokiﬁ fystem. For example, cellular

chemokine receptors z.rj;u ed for cell entry bj;intracellular pathogens, including HIV. In
addition viruses use vir: Ijgn%deéghgnok

proliferation. Pathogenaﬁ l;uldrt the chemokine system. Virally-encoded chemokine
antagonists and vitally-qu4d @@0@*: s@vengers are known (e.g., Murphy, Nat

Immunol., 2: 116-22, Z%lﬁ(cv@drimllw Odﬂ fﬁ242~8, 2000).
f. Infigmmato; Jni:y( sease and Autoimmaune Disease
Rheumatoid arﬂltltl}ﬁ!’lhgl a:lnmg'?o§a%01mmune disease characterized
by chronic connective ﬁa‘aﬁxgl and lfonQroston.eI'he pathogenesis of the disease

includes the infiltration 39 @m* ixmfe{syim@lrs'])ace, their activation, and the
release of inflammatory Gfiatm]; tlgt phzitelgieform and destroy the affected joint.

The actual arthritic resp(zsf a]_)fg;to (T‘téatﬁl [vhéjf MNPs release pro-
inflammatory cytokines and chemo. "ne . o, IL-1,1L-6, GM-CSF, and the
chemokine IL-8, are fo undanc\,/ilﬁtxnlsssue from RA patients and their most
likely source includes s}@)yanitjoha%&hdznﬁ dMNPSA The combination of
MNPs, neutrophils, and f‘-(@l';, \fitmﬁ'mﬁlgion of synovial fibroblasts and
synoviocytes, sets up a gs f inflammation.,
IL-1 and TNFa. are believed to be responsible for the production of chemokines in
the arthritic joint. In oth[d)l, ilwrgs!:d Qj::lE
the expression of IL-8 (aﬁ)(ierf T€ell Mmractant) and RANTES (a potent
neutrophil chemoattmct@)Sralg@synaiﬂ @roblasts isolated from RA patients

{Rathanaswami et al, (1 %ge%ﬁkrdﬁgﬁy-;:) Other investigators have shown

that inflamed synovial tiSE from RA aﬁd osteo itic patients contains high
concentrations of MCP-15and lI'NQ(xQn_ Igrmaerk_edly increased the mRNA expression

opti m zati on
, by a DNA
synt hesi s
sem .

ArYr ANANnt 2ot 1 AN

e p&s to promote host cell

tions of these two cytokines induced
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TABLE 13:
Nucl eot i de
Posi ti gns
for Sequence

of this chemokine in cuj ov1oc es deri ed from these specimens. It appears that
chemokines from MNPS CytbKi e stl latet synovial fibroblasts and synoviocytes
play arole in the paﬂm@;o @lﬂm rnrament and extravasation of
peripheral monocytes, rg_u@@@}fllis—teﬂf Itn}:@ntno@mth other diseases and
conditions, activated ]elfkcgfs relise af?w other tissue damaging mediators, More
specifically, leukocyte-dgrive tivg oXygen species and proteolytic enzymes (e.g.
matrix metalloproteinases, -caé?zpsin and geufrophil- derived elastase) have been
implicated in the initiaty naa‘gmemn Lf tiss‘!gdamage in inflammatory joint

diseases (see Table 8 fof r@_x’pmr&se d MGV
¢ NENeel |
Lung injury covers vy, of cli nﬁ For purposes herein they are
PRSP T

collectively referred to ammatory Diseases ung (ILDs). AnILDis
typically the result of spﬁ:xlﬁc t, for example, systemic bacterial infections (e.g.,
sepsis), trauma (e.g., 1scw:£reufuﬁn injury), and inhalation of antigens (e.g., toxins

like cigarette smoke). I o Heggiqalgmoliti S (acute or adult
eRfeteEmeigar

respiratory distress syn 1ine) N Q of asthma bronchitis, collagen-vascular
disease, pulmonary sa.rctho'] sis, j%s:é philic gﬁiseases pneumonia, and pulmonary
fibrosis. In brief, the pal S d.lSC d conditions, involves the activation
of macrophages, pamcu&lese lgecﬁl theZlveoli. Neutrophils, eosinophils and T-
cells, are activated and xF:ertd eld ’site’ of injﬁy subsequent to the release of
macrophage, and neighl?i? dot?lg 7(1 epithelial cell derived cytokines and
chemokines. The specifig cyt d ¢l €s ed include; GM-CSF, TNF-
o, IL-1,1L-3, IL-5, m-ﬁwcé% %Zlg. RZJ‘ S and Eotaxin.

Leukocytes respon (Q\e pro-inflammatory cytokines and chemokines by releasing

the many mediators of secondary tissue damage including; proteases, reactive oxygen

species, and biologically active lipids, and by expressing cell surface anti| and cell
adhesion molecules. In addition, it appears that specific leukocyte populations play a
more prominent role in some ILDs than they do in others. Neutrophils and MNPs are

more prominent contributors to secondary damage in acute hing injuries like ARDS and
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various lung fibroses; \Z ~cells @ €0, no;:l?lﬂs'élze the chief culprits in
eosinophilic lung disea ch includ A fibrosing alveolitis, and
sarcoidosis (see Table 8 fOT 1« 111&
h. Qh]sA\seagsEQiated by Secondary Tissue Damage
Disease states assogEé}l Ttl_x s?oidg tissue da@ge can be treated according to

the methods provided in ?(13 ing the conjugates provided herein as well as certain
non-chemokine cytokines known to those of skill in the art for treatment of other
conditions., These disease states, include, but are not limited to, CNS injury, CNS

infl ory di neurod ive disorders, heart disease, inflammatory eye

diseases, inflammatory bowel di y joint diseases, inflammatory kidney

or renal diseases, infl y lung di y nasal diseases, inflammatory

thyroid diseases, cytokine regulated cancers, and other disease states that involve or are

associated with secondary tissue damage.

Examples of CNS infl y diseases and/or neurodegenerative disorders that

can be treated using the methods herein and conjugates provided herein, include, but are
not limited to, stroke, closed head injury, leukoencephalopathy, choriomeningitis,
meningitis, adrenoleukodystrophy, AIDS dementia complex, Alzheimer’s disease,
Down's Syndrome, chronic fatigue syndrome, encephalitis, encephalomyelitis,
spongiform encephalopathies, multiple sclerosis, Parkinson’s disease, spinal cord
injury/trauma (SCI), and traurmatic brain injury; heart diseases that can be treated using

the methods provided herein, include, but are not limited to, atherosclerosis, neointimal

hyperplasia and is; infl y eye di that can be treated using the
methods and conjugates provided herein, include, but are not limited to, proliferative
diabetes retinopathy, proliferative vitreoretinaopathy, retinitis, scleritis, scleroiritis,
choroiditis and uveitis. Examples of inflammatory skin diseases that can be treated using
conjugates and methods as provided herein include, but are not limited to, psoriasis,
eczema and dermatitis. .

Examples of inflammatory bowel diseases that can be treated using the methods and

conjugates provided herein, include, but are not limited to, chronic colitis, Crobn’s
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disease and ulcerativemExaipg of inflammatory joint diseases that can be
treated using the meths 1 ates provided herein include, but are not limited to,
Jjuvenile theumatoid mZ:tls 0sfeo: arthntls rheumatoid arthritis, spondylarthropathies,
such as ankylosing sp 5 'Re d.rome, reactive arthritis, psoriatic arthritis,
spondylitis, undifferen@ﬁi&ndﬁa%éb ies 81 Behcet’s syndrome; examples of
inflammatory kidney olre.na.l?iseasey_l?a_t 16 be treated using the methods and
conjugates provided herein include, but are not limited to, glomerulonephritis, lupus
nephritis and IgA nephropathy. Examples of inflammatory lung diseases that can be
treated using the methods and conjugates provided herein, include, but are not limited to,
eosinophilic lung disease, chronic eosinophilic pneumonia, fibrotic hung diseases, acute
eosinophilic pnewmonia, bronchoconstriction, including asthma, bronchopulmonary
dysplasia, bronchoalveolar cosinophilia, allergic bronchopulmonary aspergillosis,
pneumonia, acute respiratory distress syndrome, and chronic obstructive pulmonary
disease (COPD); examples of inflammatory nasal discases that can be treated using the

methods and conjugates provided herein, include, but are not limited to, polyposis,

rhinitis, sinusitus; examples of infl 'y thyroid diseases that can be treated using
the methods and conjugates provided herein, include, but are not limited to, thyroiditis;

and

iples of cytoki; lated cancers that can be treated using the methods
provided herein, include, but are not limited to, gliomas, atheromas carcinomas,
adenocarcinomas, granulomas, glioblastomas, granulamatosis, lymphomas, leukemias,
melanomas, lung cancers, myelomas, sarcomas, sarcoidosis, microgliomas,
meningiomas, astrocytomas, oligodendrogliomas, Hodgkins disease, and breast and
prostate cancers. Other inflammatory diseases susceptible to treatment using the methods
and conjugates provided herein, include, but are not limited to, vasculitis, autoimmune

diabetes, insulin dependent diabetes mellitus, graft versus host disease (GVHD),

psoriasis, sy ic lupus eryik sepsis, sy ic infl Ty Tesponse
syndrome (SIRS), and injurious inflammation due to burmns.
As noted above, these disorders, although diverse, share the common features

related to the inflammatory response. Spinal cord injury or trauma, which can be treated
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by administerin; toal bt ty 1 el-f 6ﬂ” i t of a thy ti t
Yy g 2 ic 40_1;52; 25 0; a? eciv mount of a therapeutic agent as

described herein, is eXeriplary o tders Conteinplated. The treatments herein are
designed to attack the Eumrl!s@ of this response involving proliferation and
migration of leukocytes. The treatments will eliminate or reduce the leukocyte
proliferation and migration and by virtue of this lead to an amelioration of symptoms, a
reduction in adverse events or other beneficial results that can enhance the effectiveness
of other treatments.

5. Combination Therapies .

The ligand-toxin conjugates, such as any LPM provided herein, can be used in
combinations for the treatment of the indicated diseases. Combination therapy can be
achieved by administering a ligand-toxin conjugate with any other therapeutic agent for
treating a particular disease. Such agents are known to those of skill in the art.
Combination treatment also can be effected using molecules composed of two or more,
such as two different chemokines attached at either end of a toxin moiety. In that case,
these dual chemokine fusions can include one ligand from each of « and B chemokines
family.

L. EXAMPLES
The following examples are included for illustrative purposes and are not
intended to limit the scope of the invention.
EXAMPLE 1
Selection of Modified Shiga Toxin Al (SAI) variants for construction of LPMs
A. Cloning and Expression of LPMs for selection of SA1 variants

A nucleic acid molecule encoding an MCP-1/Shiga Toxin fusion protein
(designated LMP1a) was designed such that the fusion protein starts with a methionine
(Met) residue followed by the published sequence of mature MCP-1 (set forth in SEQ ID
NO:69, and encoded by a sequence of nucleotides set forth in SEQ ID NO:68), an Ala-
Met linker (SEQ ID NO:34), and residues 23-268 of the Shiga-Al toxin subunit
containing the ribosome inactivating (RIP) domain (referred to herein as variant 1 SA1;

corresponding to SEQ ID NQ:22 and encoded by the nucleic acid sequence set forth in
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SEQ ID NO:23). To faﬂ'i.tatmmodfh rf;ilcgement of the gene sequence into
different expression vectors, restyiction gndogu ites were incorporated into the
gene sequence at the 3’1&@4 eﬁs.oldnse‘lemj 1a was designed to have an
Ndel restriction site, Wi QIR GFN@HRGnStart codon (S5Q I NO31) at the 5°
end, and also was desi@if to h*e a s?p'co%ollowed by a BamHI restriction site

(SEQ ID NO:33) at the X en ucleicpciyno) encoding LPM1a was
synthesized following tha-e ﬂ?’g’ [ EWE secondary structure optimization
by a DNA synthesis se@bog‘anijﬂﬂﬁgm zron Biotechnology, Seattle WA) and
supplied in a pUC plasn@&ﬁ & maidt BLiRsite removed (U minws M, SBQ
1D NO:86). The sequezzl;_egf)he LENR ffue@ic acid molecule and encoded fusion
protein are set forth in gglgl\ésﬁﬁrld % &peziﬁvw

Since the variant 1 sequepcs of, mtained within the LMP1a fusion protein
contains a cysteine resiﬁe cbﬁgpjnd(:ffjb ino acid 242 of SEQ ID NO: 22, a further
truncated SA 1 moiety \pJ gearSc:E tn%idysn{nsgduced dimerization among
highly purified LMP otghd] €is sgggety (referred to herein as variant 2)
lacks the five C-terminazla‘id acifs ﬁ}éﬁ}f) corresponding to amino acids 242-246
of the polypeptide sequence st forsh in SEQ ID NO:22. The amino acid sequence of the
variant 2 SA1 is set for_§ 19@(9‘111\1951 :d;coded by a nucleic acid sequence set
forth in SEQ ID NO:ZJ. 1{\] L[@—l ﬁtsich;%tein containing the variant 2 SA1 moiety,
termed LPM1b, was g@n@d V@cleic:h@ sequence encoding the LPM1b fusion
protein (MCP-l—AM—SWlée'atlt @r:orltaining the variant 2 SA1 sequence was
synthesized and suppli escékfd Iabnve for lhELF]Mela fusion protein. The sequence
of the LPM1b nucleic acid molecule and €ncbded Iision protein are set forth in SEQ ID
Nos: 39 and 40, respectt 1 Var I an

The resulting Iﬁla@ﬂm@ﬂ@cﬂiﬁ the pUC minus M vector were

digested with Ndel am\mg to produce an ~ 1 Kb Ndel/ BamHI fragment which was
e rens RJETETELEETDY e
wransformed into the cAphlss@h ESskah 18174 O3y piys (7 recat hsdRiss

the pET9c

vect or

cont ai ni ng

LPM d (see

Evarnnl o 1)
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S5charm ti ne.

To generate

a conplgte

LPM sequence
mi2*) (DE3) pLysS (Qar®, Ri a th ufacturer’s instructions
(Novagen). The pET9¢ p] id contam g LPMlb was transformed into the expression
host strain HMS174 (] necAI ;E]rmz myiz") (DE3) (RifY) according to the
manufacturer’s msﬂucd‘ls @ﬁﬁl e
B, selection of M@ NOKI NE

LPMlaand LPf/I ]Ib gcﬁtg(ﬁ {rotelv\%.tgmtam an SA1 RIP toxin

moiety, as described in part ve. The exprgssion of the SA1 moiety is toxic to host
cells and disrupts the pdc@ onn oHlH.FIVJ ful loL p§1§s To select for mutants in
SAL that exhibit less t(axn}dh ;JE’IBI Saﬁxrd &m&xds containing LPM1a or
LPM1b were used for *mfép'bn @lectt)nh {E® presence or absence of varying
cohcentrations of 4AP] - ninpp(Taz J.:gBH idine). Following transformation
of the pET9¢c-containing LPM construct info the appropriate host strain as described in
part A, transformed ba iI] @ clex tegtn LB kanamycin (km) at 50 pg/ml in the
presence or absence ()fGlQl@ Imatltran‘s J]@PP The results set forth below are
based on selection of Itlvh}@ans@ﬁ&actenal cells on LB kanamycin (km) at 50
peg/ml in the absence ovglfarid aﬁxtn of I4M1b transformed bacterial cells on LB
kanamycin (km) at 50 pg/ml in the presence of 0.5 mM 4APP.

gBGliEHe

1 revmatedb@d aI SO

Transfonnaﬁonh’@@iM(DbeImst cells with the pET9c¢ plasmid
construct containing L}ﬁia gt@ §fn@ﬁ4APa*elded 82 transformants. All 82

selected colonies were ibl?] d for LPM1a expression and plasmid integrity. Plasmid
DNA was isolated from erial transformants us?f_a standard miniprep procedure.

Expression of the full IQgQ ;mreuev§ p:% J' SE}; PAGE. The LPMla insert
from the pET%¢ plasmigvas hd@ ‘ollowwa@tmn with Ndel/ BamHI and the
insert was sequenced WEG’/@!W and T7t primer to confirm the sequence. T7; 5°

TAA,TAC,GAC,TC.;? g éi gff 1N §5 5); T7t:
5*GCT,AGT,TAT, T\ G 3 (S 36).

f|t|eI 9Bl
containing a
conpl ete LPM

gene
Al 1L+l alli n
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15gar yeast
extract, 12
W. tryptone
and 0. 4%

Few of the col;)g s P II ?me of the selected colonies expressed
truncated forms of LP colo ressed an LPM1 containing an L to R
mutation at position 1 1Wln nEe portion of the fusion protein compared to the
LPMIla sequence set ﬁpgxrsﬁﬁn NO: 38 {corresponding to L38R in the amino acid

sequence for the vanaxKaﬁn Hﬁy&whﬂ SEQ ID NO:22). This mutant LPM1 is
referred to herein as LPgIﬁ d’h 120 eorﬁ axfi Tuno acid sequences for LPM1c are

set forth in SEQ ID Nos; AAPGPZ Tesp vely, and can be compared to the parent
LPM1a molecules set 1ol SEQ'ID Nds: §7 ang J. The L38R mutation in SAT is

referred to herein as mtta@varﬁnn @u‘@t‘ed to@bFhriant 3 herein) and is set forth
in SEQ ID NO:26, and@lfodedlbyhleleic acid having a sequence set forth in SEQ ID

NO2T. roweeti ve LW

2. LPM1b matan

TransfoﬂnationWHiIS 4(Dgﬁ()]— g;js with the pET9¢ plasmid construct
containing LPM1b in the feBucc G B bk 48P yielded 10 ransformants. All 10
transformants were selm pl@lid DNA prepared, and analyzed as described above for

the LPM1a mutants, SUbCU| t ur ed
Two selected cc(\z 9165 :1 ed an LPM1 containing a V to A mutation in the

SA1 moiety at position d to the parent LPM1b sequence set forth in SEQ ID

NO:40 (correspondmgd kIZIl 9“1-!}& aQ.Q ;:xd quumces for the variant 1 and

variant 2 SA1 mowtlestseh@x in SFAIPNR:22 and SEQ ID NO:24, respectively).

This mutant LPM1 is rﬁe@ﬁ 3 hﬂim Wﬁ nucleotide and amino acid

sequences for LPM1d 1fe‘t orth in SE 1D Nos: 43 and 44, respectively, and can be
compared to the pareng sequence set orth in Eé:D Nos: 39 and 40. The

V2194 mutation in SAROME ke tohe QA tant wiant 2 (atso reforred to as
variant 4 herein) and i3dublin SEQ IYNOZE fand encoded by a mucleic acid having
a sequence set forth in R ID NOPh @
Cogp%‘!s xln of'the Activm:: of Variant LPM1s
I nduced by
i nduction in
t he presence
or absence
oft nMIPT(3

Aand 1 n + hoa
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The consequc@.of 5111t@101 SA1 @ g‘Ml activity was assessed by
measuring the activitig@l_ﬂ\iﬁ@triniﬁﬁaﬂam 3 SAl sequence) and LPM1d

(containing the variant 4 SA1 sequence) in a rabbif reticulocyte lysate (RIP) assay.
LPMIc and LPM1d proteins were expressed and partially purified (see EXAMPLE 4).
The activities of these proteins were assessed by measuring inhibition of protein synthesis
using a commercially available rabbit reticulocyte lysate system (i.e. RIP assay) designed

to assay the translation of lucife RNA (P: ga, Madi ‘WI, all reagents

included). Briefly, protein samples were diluted to 1 pg/ml and serially diluted in 10 fold
steps in PBS, pH 7.4, containing 1 mg/ml BSA. Diluted protein (10 1) was added to 5 pl
reaction mix (reaction mix: 2 ul of a 1 mg/ml solution of luciferase RNA; 1 ul of a 1:1
ratio 0.1 mM amino acid mixture minus methionine and amino acid mixture minus
lysine; 2 p! of ribonuclease inhibitor) and 35 i rabbit reticulocyte lysate. Samples were
incubated at 30 °C for 1.5 hours before the reaction was stopped by incubating the
samples on ice. Samples were diluted 1:25 using the reaction mix described above. The
reaction mixture {100 pl) was transferred to 96-well white polystyrene plates {Coming
Corporation, NY) and 100 pl of the luminescent dye Bright-Glo (Promega) was added to
each reaction. Plates were analyzed using a preheated (20-25 °C) FLUOstar luminometer
(BMG Lab Technologies, Durham, NC). In parallel, reaction mixture only or reagent
blank were used as negative controls, and the RIP protein saporin (Sigma, St. Louis, MO)
was used as a positive control. The saporin positive control consistently had relative
activity (RICso) values in the range of 8-12 pM. The shiga holotoxin has a reported
RICs value of 9 pM (Skinner and Jackson (1997) J. Bacteriol. 179: 1368-174). Purified
Variant 4 SA1 subunit (SEQ ID NO: 28) had an RICsp value of 50 pM. LPM1c¢ (SEQ ID
NO:42) and LPM1d (SEQ ID NO:44) had RICsp values of 5 nM and 80-100 pM,
respectively. Based on the observed RIP activities of the mutant variants tested, new
LPMs containing the SA1 sequence from LPM1d, which is the mutant variant 2 (i.c.
variant 4) SA1, were constructed as described in Example 3 below.
) EXAMPLE 3
Construction of LPM genes Containing SA1 Variant 4
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LPMs 2-13 (TE? lprerc;tnsé;i;teﬁo encode fusion proteins of the
respective chemokine ence linked b; algnine-metjionine dipeptide to the mutant
variant 2 (i.e. variant Hungtg ue& f SAI shiga toxin subunit (set forth

in SEQ ID NO:28). @Lm@ ncoding LPMs 2-13 were inserted into the pET9¢
plasmid (SEQ ID NOFARY tdq Bt @fiods, @b arc described below. Each of

the methods relied on ﬁcetsehtefd‘t inm oRI restriction site within the 5°
sequence of the SA1 s%viﬁ huq’t Ué e (e.g., corresponding to nucleotides 4-9
1008

of the variant 1 sequence set fort 123, or the variant 4 sequence set forth
in SEQ ID NO:29), re’ﬁlgg in an'S8A1 ty lacking the 5° lysine residue which was
reconstituted by the dw @dlul@jﬁe Iml@ moiety containing an encoded lysine

adjacent to an EcoRI rmgrtsite. el@lnolzolswcd for plasmid manipulation were

from Maniatis et al., Mol ing: tu 10 mual, Cold Spring Harbor
Laboratory, New Yo:\lg ng_f Z I) I gz
) ) Bk b,

version of the ma

LPM he argn IDNO | SEQIDNO
a: nﬁ(ETg clrl Y r tF gleotide) (nm?no acid)
LPMla N?bnﬁd vt 37 38
LPMlb MEAPD TTIT U YW LT 39 40
LPMlc M?l cnl copt Ad 4 2
LPMId Mo DY Yt YY 3 44
LPM2 g1 \v/alr 1 ANt 45 46
LPM3 =T R 2k 47 48
LPM4 \A -n K 4 49 50
LPM5 VYMEE T Y 4 51 52
LPMS Srmur [ a] 53 54
LPM7 22 el T4 55 56
LPM8 1 M 4 57 58
LPM9 T MiPRe 4 59 60
LPMI0 enecl ched? 61 62
LPMI11 MIP-1 4 63 64
LPMI2 e a 3 65 %
LPMI3 BCA-1 4 66 67

Briefly, the squaués D.Et}lejn[lcﬁc acid molecule encoding the chemokines used
for the construction of@l{!s%]} @@e lih_werk sfithesized, following the principles

of codon usage and sealdalp %}H}ﬂ?ﬂltatgrby a DNA synthesis service
organization (Bio S&To onire: )Oltjuppﬁat ina liUi;flasmid (pUC19, SEQID NO:
a2.8 L shake
flask) at
37"Cin the

Nnroeceonro Nn¥f
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shake fl ask
are attnated
to be g/L
(OLIsocgn -
85). For each chemolg@?le, ang(hldsm@ﬁﬁ containing a methionine start

codon (SEQ ID NO:31) was added to the 5* end and a linker sequence encoding the

és ollowed by an FcoRI site (SEQ ID NO:32) was added to the
3’ end. The nuclectid(: 0 QL Ing construct is described in Table 13
and set forth in SEQ IP I@m @ tecimcv@xlin yquence was optimized and
supplied by Blue Hero.n Bioq?:hzégy aﬂi@ tet érain SEQ ID NO:82. Each of the
respective nucleic aci(gﬁTuTs &m&d.ing the chemokines were used to generate LPM
fusion proteins by one offtwo clonjng methods, which are set forth below.

@JJ ﬁ&ﬁ&sy)r Sm)e Components of Chemokine

amino acids Ala-Met-]

TABLE 13: Nu
a %’mtmcfs forhBMs 2-13
LPM | Chemokif' FSEQW P UNaef I ' TT Mature Linker EcoRI
construd 0 triction chemokine sequence site
WE F e site
i 2 6 228 229-237 | 238-243
2 Fotwin i Lo e e iht?
3 AT s adh oI gl S X% 223-231 232237
S y
4 GrowOT "RE N 7-225 226234 | 235.240
= 5 1.6 721 214222 | 223228
> MMPdedsi t v 3
3 L8 G A6 7-237 238246 | 247252
7 w0 UPTATY  ddl 7237 238246 | 247252
X 7-234 235243 | 244249
* | s 1Y aspeel ®
9 Moy | 79 -6 7-216 217-225 | 226231
10 MDC T Ko 16 7213 214-222 223228
11 vr-S PDECT I oep nhote: 214222 | 223228
12 Eotaxin o 1 £82 | 6 7228 229237 | 238-243
13 BCA1 " I- t&3— V16 7-267 268-276 277282
AL 1 b
NUCT €T C

A cenngMethgc | dS Wer e
The componenrs (é% vlé Hle a.vd BWf (see Table 13) were

assembled in a pUC19 pIEimid (SEQ,ID NO:85) and then subcloned into the pET9¢
vector. Briefly, the S‘Il gmt Q
vector containing LB &Le uln’qlle@ Fth EcoRT and BamHI to yield a 750 bp

EcoRI/BamHI DNA figigfett doptaifB)g 6] 9B/fVariant 4 gene. The digested fragment
was gel purified and i into Yae pUC19 plasmid that also had been cut at the
(WA

pol yet hyl ei n
eircinc.
Arl es

~ontri fFirinat

component was generated by digestion of the pET9¢
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corresponding EcoRI/BamHI sites to yield a pUC19BB plasmid. The chemokine
sequence component of LPMs 4-10, LPM12 apd LPM13 was generated by digestion of
the respective chemoklnmgmxg HJ@II plasxgt{l§escnbed above, by digestion
with Ndel and EcoRI t) ylelﬁ ) ZSWyRI DNA fragment for each
chemokine. To gener{t:: ebmi)lew LPM sequence (see Table 12), the digested

chemokine fragment vﬁs g g fﬁjlanil ulse d inf t§ pUC19BB plasmid containing
the SA1 variant 4 sequence that also had been 1gested at the corresponding Ndel and

EcoRI restriction 51tes.q:UJE§3§o§aMg :Qomplete LPM gene sequence was then

digested with Ndel an&ﬁmHI to yield an ~ 1 kb fragment, which was gel purified and
subcloned into the pE’Qc@lMidLSh&g(@d that also had been digested with Ndel
and BamHI. The plasrersl WFW fore(i)retmyof the respective LPM and

sequenced to confirm the’ ﬁﬁof the insert. Table 12above sets forth sequence
identifiers for the respdctive Qapd an Jl a.§n0 acids for the cloned LPM

variants LPMs 4-10, L2 o RE5. C €1 | S
B coingMetipip t h t he ATP

To generate LPIMé é Cut 11 (56 ﬁble 12), the respective chemokine genes
were directly inserted into To¢ expressmn plasmid (SEQ ID NO:84) using the
method described here E en digestwn of the vector during subsequent
cloning steps, the Eco]é' s&“&;}@ Vfii fﬁdh m plasmid to yield the vector
pETODE. Brietly, the‘bEhelasmxd was digested with EcoRI and the ends were filled
in with T4 DNA po]ynﬁrﬁrfﬂ:flagle ?Nﬁ Yaséqated yielding the pET9DE
vector, and transformed mto DHS5a E.coli cells (Invitrogen, Carlsbad, CA). Plasmid
DNA was isolated from act 1 Imnsfm'mants using a standard miniprep procedure and
the deletion of the Eco. J intthe I{T ﬁ/[ctor vgconfumed by restriction

digestion. UM Re ag e nt ) y
To clone the geAs'Fxpdind_lPI\fs v3eg 11, the pUC19BB plasmid from

cloning Method 1 abo g’ning the sequence for the complete LPM1d gene was
digested with Ndel and BamHI to yield a 1 kb fragment. The fragment was gel purified
and subcloned into the%y t LlsQ;lJ been digested with Ndel and BamHI

of Inciferi
Insulting it
a

| um nescent

ctl Aanal whi ~h
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100%

[-nffirn 106

02% 5 pg,

63.52%
to generate the pETQIZE lfsrtljil The chemokine sequence component of LPMs 2,
3, and 11 were gener: b the 1t specng emokine containing pUC19
plasmid, as described bdve; by diges 1on Ndel and EcoRI to yield an ~250 bp
NdellEcoRIDNA fmﬁ for‘sereh ch ¥ To generate a complete LPM sequence
(sce Table 12), the di@g "i’a@vadwas gel purified and inserted into the pET9DE-BB
plasmid that had beenzﬁted 4 i?%espondjug NdellEcoRI site. Table 12 above

sets forth sequence 1dw sEctlvgmclew acid and encoded amino acids for
the cloned LPM variants 5 3,
tiv IE;AMPLM
ELpBNﬂ_ad[ P\*xﬂaltmn of LPM Variants

A.  Expression of pﬂbﬂvarla.nts-rh y noc y

Following trantf E3) with a pET9¢/LPM plasmid, the
effect of the RIP inhibijor 4 on expression of the different LPMs were tested by
growing the transfom(n\AAvfjlght at 37 °C in MTB medium (1xM9 medium with 24

g/L yeast extract, 12 g}L aﬁaﬁﬁ(‘i glycerol) with 50 pg/ml Kanamycin and 2
mM 4APP. Prior to iffyftien @y g@aa@ﬂw IPTG, the cells were
subcultured (1:10 diluiionP uél]; sglf nied{‘f@nd grown for an additional 3 hours at 37

°C. The cells were inﬁed by induction in thy presence or absence of ImM IPTG and
in the presence of increwding omjtm'gl ns 4 0 0.1, 2,5, 10, 15 and 20 mM
4APP) for an addmon@h fm.lrs tt tile Bme &mﬂrature Inclusion bodies containing

the LPM fusion protelmxf hgvested @4?8 cells (see method below). Upon
induction in the preseth"@TG the strains with the desired expression profiles showed

an ~36 kD expression tan 4APP dose res@):se fashion. Protein identity was
verified by Western Bl gx i Al tibody. Antibodies to the SA1 subunit
were raised in rabbits i pﬁlde of SA1 (SEQ ID NO: 30) (Covance

Research Laboratories(p@E P S s HlIQS.-
Table 14 sets f%elat'éefexfreéie tf @ LPM conjugates LPM1d, LPMS,

LPM3, LPM6 or LPM7. follo\l‘:PNrssmn and harvesting of the LPM fusion
prot were separated on an SDS-PAGE gel and total

treatnment on
t he

pr ogr essi on
of

Aant i ahywyvnhovt

proteins from the cells
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protein was visualize(‘ma.t aning with Coomasie Blue. The percent expression along the
4-APP dose curve was estimated by loading jdentically prepared samples from each of

the identical shake fla: en% 2 (ﬁ 20 mM 4-APP). The 100% expression of

any given LPM was b;EaV\ESQitg ¥ x'nofe felded tevels of protein on the gel at a
given concentration of 4ﬂt’ She Pehgediex@ession was estimated by visually
comparing the designategth W@’d theérﬁsdith samples that had lower

expression and lower 4-APP, in the ennenr?t]ion broths, The experiments were

performed at least two Timiés. Generailly, expression levels increased from little or no
detectable amount of HE Hr t I)IGAM 4APP to high levels at 10-20 mM

4apP. cages for 24

[ £
TABLE 14: LPM Exprelshh Lels It T o |

LPM basal uri pgew
- 0. 20 . 50 100 150

enlllact 1 ARy

LPMid COUITICGET Ullss 70 100

LPM8 Uri ne >3 25 100 100

LPv3 3 30 7100 100 100
AVAN] [l l'a'a a V4 \AR

LPM6 Vg LLASTAN w ﬂﬁ 100 160

i recorded|amd | ™ o
t he urine

B. Protein Production

A batch fermepagorgngh§§a§dgegped for LPM production. Host cells

(HMS174(DE3)) canﬁ[I&Tsc/LPM plasmid with the selected SA1 variant were

grown in liquid enriclﬂ muie (f- qOOe @ja fermentor or 400 mlina 2.8 L

shake flask) at 37°C ixftbﬁ)fesencc of 2 mM 4APP. Product expression was induced by
1 mM IPTG for 3-6 hours in the presence of 10 mM 4 APP and the cells were harvested
by centrifugation. Thg:ceril }%ﬁfal h(!;!c!gelx’)]z_g {via sonication or 3-4 passages
through a homogeniz@-ﬂldved p Ee@st‘e&)llalmld recovery of inclusion bodies
{Ibs) using csntriﬁlgaﬁgrsfps ﬂ:gwashed 2-3 times with several volumes of dH,0. Ibs

were solubilized in bu§et c(gﬁi&mgﬂmﬁne hydrochloride centrifuged and the
supernatant dialyzed against 8 M yrea. Typjcal starting LPM yields from a fermentor or
P B UCE S ETUT 8 t
Rats were
anest heti zed

, and 03-1.0
1 Anf hl ~An~A
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shake flask are estim: 1g/L. (ODsgo nm ~ 50) and 300 mg/L (ODsoo nm~ 7),
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25

respectively. The noted optical density lt?D) at 600 nm were a measurement of E.coli
é’[g ge§rl)p n!mgnNucleic acids were removed from the

1B solution with 0.1%|(vn poLeEMnde. After centrifugation, additional DNA
was removed by passztgelfh.\eatn ed exchange resin filter or colunn (Q-sepharose-

FF), which binds resixRai D, ‘éygs proteins with high isoelectric points such as
in pfodnct
HP'

LPMs to pass throum ch;nglas captured via cation exchange resin
chromatography (S-sepharose-

€luted with an NaCl gradient in the

presence of urea. The E)l)v tbcrxg%texﬁ'xm ihinolumn contains a small amount of
free SA1 toxin moiet}‘, @Mr@’*ct@s w:r [epliected throughout the NaCl gradi

and analyzed by SDS-FZ%IG% I‘Zaétla's containing LPMs were then pooled. Refolding
of the product was pe?imed bly]dé.l sis against 25 mM Tris-HCL, 1 M urea, 0.5 M L-
arginine, 1 mM reduced glutathions ahd 0.1 mM oxidized glutathione at pH 8.0 for 16-24

h. Refolded material v%%&; La&z@&]{&mﬂulam&er (50 mM sodium citrate,
0.05 mM EDTA, and D QDS 4 &b RoP@ This material was over 80%
pure as assessed by swwy&mﬁe}t using cation exchange or

hydrophobic imeractib@rz y as a polishing step prior to formulation.
€ sam

Another process employe e 1fitial steps but the product from the initial anion-
exchange was immedz’el' ya&mlﬂmi% |25|mM sodium phosphate, 1 M urea,

200 mM L-arginine, 0V6 (V&nl(doseE@&d.duﬁ glutathione and 0.1 mM oxidized
glutathione at pH 8.0 8ﬂ6a4ih. ﬁae T DW ial was then subjected to cation-

exchange followed byari—:rrophﬁéi?fgiion chromatography before being dialyzed
ribed a

into the formulation buffer des¢ ove.

Les! ORGuwrwes
Fo rcimpuRdcytotoxicity Assay
Cell toxicity of Lr]\@axﬁ I@\GZ were measured in a cell-based cytotoxicity

assay. In this assay, cgllg wi in the pres: or absence of toxin (i.e. LPM
protein containing angA moi Wt:o?gﬂﬁie%e amount of ATP in the
culture upon cell 1y51Qerve@a§:dge%§\§ dicator of cell viability.

for

haemat osyl i n

and eosin

sl am (HMO

Ancecncernnmnt

density using an UltraSpe
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A Cell CulturepugSamgyAddigpps |

THP-1 monoc; &tcellsl\:% oving;cording to the manufacturer’s instructions

(ATCC, Manassas, n compléiednedia” ing RPMI media suppl d with
10% FBS (Invitrogen,! (irlﬁf@-&Arm@Iang ng a week to keep the cell density
below 5 x 10° cells/nj) Ceils Ivere (p@!.fd by centrifugation and washed with fresh
warm media and resuawrd 'rmi*:propriate volume of media to reach a density of 3-
4% 10* cells/ml for e icity assay. Cells were seeded by transferring
100 pL aliquots of the CQI

culture plate (the out ith ete media only). 20 pl of vehicle
{(buffer only) and LPW} waWeih@ﬂeaat concentrations ranging from 25

pg/ml to 100 pg/ml) Elﬂ_afed tg_ﬂzt‘dlls in triplicate and gently mixed with the cells.

The cells were then u@(ﬁﬂﬂ? C;toE at 37 °C (5% C0,).
B. Assessment of Cell-Base totoxicity

The CellTiterAQ"tLLxm\(e!cett &11 Vg)flity Assay Kit (Promega, Madison
‘WI) was used (as per lhel;aMa rer’a;ﬂ@ﬁons) to assay cell viability as a measure

of cell-based cytotoxiEtPWﬂz @is or ﬂ:lclcella/iﬂl the ATP reaction mixture

(supplied by the mam ] 1 Titer-Glo® Reagent), ATP drives the oxygenation

suspension to each of the internal 60 wells of a 96-well cell

of luciferin resulting ]E a lulnjnescent siaa] which is proportional to ATP concentrations

in the wells. This is p@%@ to the M@eﬁf viable cells in the culture.
Aliquots of 100 uL ﬁ'lmj thylﬁ’e iz RS ]zartA above were transferred to

white flat bottomed cilltlve i:l{esylonmﬁ)eation, NY) to allow luminescent

measurement, and ailt @ equilibrate for 30 minutes before adding 100 uL of the ATP
reaction mixture. A[ir addy

were shaken gently for 3¢ stcond. a x to induce cell Iysis and incubated at

room temperature foxﬁ))ﬂ:ﬂﬂ'p Jta‘@m the humni signal. Lumi was
measured using a FLW T (P}&?E.ael's:hnologies, Durham, NC).
Matched control wellt wﬁe@repaélffof e@hé,]iﬂ’gotein containing vehicle only
{buffer only). Triplicate fa.lue W veraged and back d lurni t d
for all conditions testQ. The l‘lmg the'pres! ge of an LMP fusion protein was
1
Md

treatnent on

t he degree

of

T nfl ant mNmaot Ar

v
i

ﬁj: of the ATP reaction mixture, the contents of the plates
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presented as a percentga)fthf PlTPcodeg tl % rreance of the matched control

(which was set at 100%4). f.PM1 12 were tested in the cell based cytotoxicity
assay and the results egL’forth TaltZMS and Table 16, respectively. The results
show that the ATP cott@giggepe(dJnﬂethQ in the presence of increasing
concentrations of LP*ln@wxng t@t.,PMld is toxic to THP-1 cells. LPM12 also was
toxic to THP-1 cells, I\a]xto)g tratio: ug/ml or greater and no dose-
dependent effect of LPMIZ was opsarved on lIhese Zells. The observed effect of LPM12
(a fusion protein contammg the eo%xm chemokn% could be due to the lack of
expression of the eot&l&%r{ C , en THP-1 cells, and the presence of the MCP-

1 receptor, CCR2, onTPAB*l_]sEr w@cﬂ_e&axin binds at high concentrations (Ogilvie
etal, (2001) Blood 9M3'q'1|9.14)
QEEE lgi % e!! Fﬁgmﬂj LPM1d on THP-1 Celis
Cencentratioh o] tkdukage of Matched Control (Buffer

only) ATP Content

COr e

0 ipfthl 100%
s oupIreat nwz%
35 pg/ml Ld 63.52%

soppel (- TIN. NO sz
75 T - 38.83%
%mlb I S 26.47%

TAJ;lLJ'lg 9611411)x1c1ty of LPMI12 on THP-1 Cells

Concentr; P f Matched Control (Buffer
eoha]‘( I e r"gregly) ATP Content

[ I
g T CT e 100%
Bedpl] ~: 1l o 1218%
355&1” alr T ad, s
Yeeia] | anged- 3¢
75}3’&"“!“' QT T U kg
wtan clle 61.88%

Sensiti zed,
chall&ﬂgedsl

Achvxty of h Anf T cyte Serum (ATS)- Induced
Mesan§oprb eratlve ]omerulonephrms in Rats

ensiti zed,
clitilleinge
d t12mld2554
Sensiti zed,

Al all an-al 4



- P
WO 2008/080218 ( ¢ PCT/CA2007/002278

15

20

25

relettve to
vehi el ei sens
itired
challen ed
The followmg@imple ds Iﬁ@‘ ects of LPM treatment on the

progression of anti-thymocyte serum (ATS)-induced mesangioproliferative
glomerulonephritis inTatk.
A, ATS In]ectlom &Mﬁ ﬁ&l&ellt t | Z

The effect of 1@1@‘,1 treatment on the progression of ATS-induced
mesangioproliferatiV@li:mRiorfpllﬁt'ei‘aT@ Cat*essed Twenty-four rats were

weighed and set up mlme YéoFﬁs for 14 s for a basal urine collection. Urine
volumes were recorded and the urine process uannﬁed for creatinine and protein

using standard proced?é‘ %35 »Q mUslhle@ed 0.5»1.0 ml of blood was taken
from a marginal tail v&a@)bd Era{ g dd’ serum retained for measurement of

blood urea nitrogen (w aciatiflineﬁgéefml using standard procedures. The
rats were injected on ? Véxhix?g/ko g bofyfgv m,ght of anti-thymocyte (Thy1) IgG

fraction (Probotex, San Antonio, TX) and returned 10 their cages upon recovery. The rats
were monitored daily bQ}UJ‘%}ﬂs d state of health recorded. The rats were
divided into three gro&@fﬁ Sd gﬁui:s Zeeiﬁiagted every other day (Days 2,4, 6
and 8) with LPM1d acqqraq) ;{g/le ¥ i dl, alF the third group was injected

with vehicle only (50 n?—a jﬁ H 6.2 containing 0.05 mM EDTA) as a
2 affer antibody administration. On day 4 the rats

disease control group sf k
were returned to the nﬁtgjhc for dpomt urine collection. On the following

day, blood was obtail@&o@ ﬂpl V64- for a midpoint serum collection. On day 8 the
rats were again set upSeeﬁ:gii cigei; f(ztezéal 24-hr urine collection. Animals
were healthy throughtu ﬁeéxf)eTm 1? erula.r filtration rate (as measured by
urine creatinine clearanc oups generally did not differ from controls,
with only a slight mcreaj l:ﬁj n]: I 1gd imals on days 5 and 9. BUN
and cholesterol 1evelsm& @ ln Le ngngVﬂr all animals. Urine protein was
determined at midpoi@eﬂp @(u(e h @?collection Day 4-5). The low and high

dose treated rats wcreg@(i,?éave t 3?.% % decreases in urine protein,
respectively compared t(1 c]ntrol rd.]cating that Ig}flh}ﬁmd protective effect on renal

Pl d It
pol ar 22%
Uncap 6:

Sensiti zed,
Al al al AandAdD
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Admi ni strati
B. Histological ztjﬂsis

On day 9, all rats were sacrificed, blood was cpllected and kidneys were
processed for histolog. ¢ T:rtex t@ experiment were sliced in 2-3 mm
coronal sections and th}Q jlawoz¥ in l(qusgi;])g;, placed in formalin or placed in
methacarn and fixed mdt@ } °C.

1. ImmuggRj ichl Seaini r Fibrotic Process Markers
et i f

Frozen sections werg)roce ed uging antibodies fo fibronectin and alpha smooth
muscle actin (a—SMAYé@ne 1ST-9, §1§wlc, gﬂn%ioducts for Science,
Indianapolis, IN and dlofd 1A ikt Louis MO, respectively). Fibroneetin is a
marker for exiracellulh ;Eh‘i (E*JM) @@V@@ synthesis, and alpha smooth

muscle actin (o-SMAX eAbi hy gial cells undergoing
adrrerf s rer ey

phenotypic changes w&ltﬁf iy]n’eludae. ff ECM Ieposition. Expression of fibronection
and o-SMA are indicgfive of tHe fibrotic process. For staining for either a-SMA or
fibronectin, the resultf Lted o;l'a-sc of 0-4, which indicates zero, slight,
moderate, high, and,s@ﬁ%ng, E‘@c&tly Table 17 depicts the results of staining
frozen sections with <i.—SM4 aalyverzige pf.V) score of all 4 rats in a Group. The
results show that therb'sfdeﬂaée‘d expfss(jn of a-SMA in the presence of increased
concentrations of LPM1d. g_“ﬁ thei'e lf dvreased activation of mesangial cells in
LPM1d treated kidneyd.

TAli;li 1 ﬁMA Levels in Frozen Kidney S

Treadeé C r EE aséSére (irol‘pll AV Score Group 2

Vel ~ r AN a%fa 210
50 gk Liwle | 12 TR 2.08

100 pgmm 1.69 1.30

Table 18 depi[lﬁeUEIulE oglgnpé frlzen kidney sections for fibronectin upon
treatment of rats withmﬁp.uie alltskhglmtﬁmased expression of fibronection
by immunohistochen‘&f s'alrei plil’fyl;dﬂy at high concentrations of LPM1d (100

pg/ke). Thus, there i re: ‘M degogition j LPM1d treated kidneys.
§‘g‘i it ‘edrd

TABLE 18: Fibronectin levels in Frozen Kidney Sections

I'nlay was

i nduced as 5
| bl | ows:
Adult 6-8

wnool Al A
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of Tissye

and Bl ood
Treatrneb r [)dt/ Sare Group 1 AV Score Group 2
Vehj | N\ o cls6 198
50 pg/kd L P Al 20
100 gk LPMily Agh 149 143

2. Haem;l(-)!(yl§ §J—i‘.§in Stai&&ﬂ) of Renal Lesions

Formalin treatE ranaS\hre pt)c.kssa sru&atoxylin and eosin stain (H&E)
assessment of renal lem SI&E staining of frozen sections allowed the visualization
and global assessment.qf xegal fesi rular integrity and structure which are
scored on a scale of Otcfgr’ll n!)rmlgl1 Eflt:a@qto severe damage. The results (Table
19) show a decreased prers‘enge menﬁi! ::f i treated rat kidneys in the
presence of LPM1d. ’t’h %re no distinct lesions observed in the group of rats treated
with 100 pg/Kg LPMtd £, e@(@_{&leﬂ"@q’ﬁw of 1.44). Thus, there is a reduction of

renal lesions and strurﬁirrl Wplg,PMgtreate?&leys
TABLE 19;: HXE stsmnao?enf! Lesions in Frozen Kidney Sections
Feklkent ge Syore (n=4)
affer SCL_ =
50 pgfkg LPM1d . 225
i Y [al T et
3. Immu{ﬂis&l@nicm{il@ for Proliferating cells
Methacarn ﬁez&ﬂ@;ﬂj{wﬁ ed tior Elr@:dlistochemical assessment of
macrophage numbers usmg aaﬁldl annb(Z[y (Cfaf*ucon Corporation, Temecula, CA).
In this model, the num QI f macry a.ks at about day 5. For assessment of ED-1

mrx

positive macrophages, the total num| er of macrophages (i.e. ED-1 positive cells) was
counted from 25 glon‘b‘ 1i Th%@ are depicted in Table 20 as raw numbers

of counted macrophades @ laclx @@{ra@ld; gnb)yl“he results show that there is a
decreased presence ofela‘fphe*is ia.eMld treated kidneys.
puncture
nto 100 si
of Hepari

sol ution.
| mredi atel y
fol |l owi ng

hl AnAd
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TABLE 20: NumberrEH?&rHlngﬁ In ?Jogtfu‘i a,{})ay"Q

['xeatment w # p‘r Animal
adlL<sr unt
Vemdé upt ‘-'U'log 100, 120, 110

5'vwkgLPM1d asn 71‘, 3,90
GHass (OWSErs s
honogeni zer,

and s HyT -
Activity of LPM1c and LPM1d in a MoWse Delayed Type Hypersensitivity Model
The following llle demons‘trate_s the effects of LPM1c and LPM1d treatment
on the degree of inﬂarsxuos f&ﬁxﬁls IxASa mouse cars.
Effects of LPN/ffin@n a cell-based i was dina

mouse model of delay; Wity ( induced by the administration of
o1V Ui ai=Ie| MPTB’

the antigen oxazolone. The effects of LPM1c tn LPM1d treatment on the degree of the

inflammatory respons oLe nrguse e assessed. 56 female Balb/c mice

weighing ~ 20-25 gx’a&@l" Mtlell it Even treatment groups as outlined in Table

21. Mice were sensmtethpp @%pglhe (Sana, St. Louis, MO) on day -7 and day -6
by applying the anﬁgwhfioéo a ﬁﬁgﬁ on the body. On day 0, mice were
challenged with 2% oxazolone solution applied directly to both cars. On day 0 and day 1,
mice were treated wit pg/kg), LPM1d (10 pg/kg or 25 pe/ke),
dexamethazone (an ar( - n‘ganr& mccA‘L (‘jﬁ mg/kg (Vedco Inc, St. Joseph,
MO), or vehicle contrbl.C h ,

NTH Treatment Groups
Trtatment (n=8)

[
Al dh btk Satiedd i Yeb
Seasy ed, challenged + Vehicle
ISenditibed, challenged + LMPlc 100ug/kg

Nas ] EMyd pyeke
P ehditized, cHaltengefl YL PM K 19fig/ke

[« m@:ﬂ: e:h:?\mgeil (Pyefotpesone 0.2mg/ke
At 4C at

1100 RPM

(2(10 x g)

for 10

mnutes with

1 Aww hr aaly

G

¥

a ol vl TiWs

=
2

P
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To assess the dtg@ mffmmatoratsponse to oxazolone and compare the

effects of the treatmes tlined ip Table 21, the thickness and total weight of the ears
were measured. Both éars of the mice were measured with a caliper prior to challenge, at
24 hours post chall 10) Qcﬁtttuﬂy ithtion (48 hours post challenge). In addition,
the ears were removed‘areﬂi@e&l s@derm%xs

The mean +- *axidfeen‘or of the final ear weight in grams was determined. A

two-tailed t-test was uﬁa1 to 61 (\;{ 310 v ance of the results and all LPM
lcant p<0.

treatments gave a statistically signr 5) relative decrease in ear width

compared to the vehic] itized/chall d group (Group 2 in Table 18), as did
the positive control delm@thu(n%t}ﬂ Em@l”ﬂul bercent decrease in ear width
relative to the vehiclc-erte@gsiiti%edahallenged group was calculated for each

Group. The percent df:r lcul Ef‘ ?0 la: 1 — [(treated — negative
The results are set forth in Table

control) / (positive coxtrol negauve control
22. Ear thickness mell:gr“lg ]\Mm.lp 3) and LPM1d (group 4 and group 5)
treatment groups wereS&rlglnehufedlasﬁ &lﬁktzuleﬂmzone {group 6) treatment

group (29 %). y (PC O 05)

TABLE 22,- 40 J.J’M ;I:reatment on Ear Weight in MDTH
Percent Decrease Ear Weight
relative to vehicte/sensitized
C onp ar ed -1ID ehallenged Group 2
Group 1: Non-sepsi¢ized, challenged + Vehicle 74%
rols
Group 2: Sensitized, challenged + Vehicle 0%
LS
Group 3: Sensitizéd, chilenged + LMPIc 100 pg/kg 20%
4+
Group 4: Sensiﬁied,amg&e SEhilh N 29%
oAQL
Group 5: Scasttigylc)aéfed + LPM1d 10 pg/kg 2%
Group 6: Sensmiadeﬂauc te)Tm@aﬂn 1N 28%
| 02 mafky
Group 7: Non»clﬁting% 0 d d er | vie 100%

d Ieukocxtes
Examgfle 8
Ac@i@ of LPMld in a Sp_inal Cord Injury Model
rthcroglia
nunmbers did
not change
bet ween t he

AY AlINC At
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12. 14R2822

A. Spinal Cord IHW IIM 8ministration

A spinal cord 1 2 iment was designed in which LPM1d was
administered only in ﬁxst days post mjury in order to quantify the decrease in
macrophage and neutﬁﬂ E(]}Qatwns I Btlcﬂy, inal cord injury was induced as

follows: Adult 6-8 wcel &4}])«151139 &har@ BVZ‘ Laboratories, Montreal, Quebec,
Canada) were anesthe@d \Ullj p tup‘f keta@nc—xylazine (85 mg/kg and 15 mg/kg,

intraperitoneal (LP. )) ) and bjected to a moderate (60 kdyne) T9/10
contusion spinal cor SC ) (In rute o2jzons Impactor, Precision Systems
Instrumentation, Ken s been well characterized in rodents and

produces a moderate IM t] | rev(humbymm@rfmat mimics the pathophysiology of
buman SCI (sec e.g., \y_ep*t 1{ (IZOg) Briﬁnn26' 328-37) Following injury the mice
were allowed to reco recewed 0.5 ml saline to compensate for
loss of blood and dehygdration, g;?;ers ually expressed 2-3 times daily until
spontaneous voiding r% g Ql expezgtm mducted in accordance with the
University of Calgary@fmfl @t&‘thls Cox@fttee adhering to guidelines of the

Canadian Council on ‘EEMIS | n

Following i m]ul'y th@ g\lehmle conirols were administered to the mice, The
mice were rand d into four groups as set forth in Table 23 below.

TAIEED 'gegxxent mﬁ’l\ﬁd in SCI Models
Group assesse d‘eatment
1 Singa)gi of ﬁl@d (l(éfﬂ(g, 1P.) 2 hours post-SCI
I 'é‘(v:vloegltns almld ilog\%él’dz hours and 24 hours post-

it in PM1d (100 pg/kg, LP.) 2 hours, 24 houts, and 48
roudodddd O

Yo fenogr af t

nodel .
B. Harvesting of{’_ﬁssue andlBlood for Data Analysis
1. Fresh Tis €

ashym ¢ nude
m ca

(nul anf i
wer e

i nj ected
wth 29 E
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A. SDI LI ELSA
Varl LPMIs
thi s study,
Fresh tissue wgcoltctfd Pm egfh of the treatment groups at 24 and 48 hours

t n Immedlately following blood

after SCI injury after ce ~1 ml of whole blood was collected by
cardiac puncture intoE
It

collection, the animal S and the spinal cord (2 cm

centered around the 1&@@3&1@)@: ISM $d placed into ice-cold PBS. Blood
and spinal cord sampla 3@@11 pli:pﬂd f(t ﬂhertometry.

2. Fixed Fis

Fixed tissue was collected frorn each of the treatment groups at 5 days post-SCIL
injury. Animals were an ma le I]J o§eta.mme<xylazme perfused with
PRBS, followed by per‘usg) Mathl Qﬂkoﬁxﬂ d4% paraformaldehyde in PBS.
The spinal cords (T6 @_Tllin&aetrempretend post-fixed in 4% paraformaldehyde
overnight and subseqlSBFyOthected in 30% sucrose. The spinal cords were then
placed into blocks, frozehand stcrejzat 0°C until sectioned. Blocks were sectioned in

the transverse plane a the tissue sections were collected on
Superfrost slides (Flsﬂerhcr}llﬁe[dusmll ﬁnrgamzed into five adjacent section
series. mnldtype

3. Statlsmlysxs 5

Statistical analysis was ormed usmg SigmaStat Software (SPSS, Inc.).
Differences between T ups were tested using an analysis of variance

{(ANOVA) and the Hﬁllnniia{ p&@&{al}sxlwﬁxﬂmamed In the case of unequal
variances, the K:uskaEf@ils ond/@ Q\lp\ﬁ g ranks was used. Differences with a P

value less than 0.05 v@foonsf’@j@@ ijag / k g
¢ DuaAwSOEAD SAT'Var

Flow ytometé
Spinal cord sinple Mh Me were mechamcally disrupted with a small
glass dounce homogeyf@®, hl'i s@le X suspensions were obtained by passing the

solution through a w1p Hfl fr@xl(Slgnbl’élglaﬁ&Pada) Samples were then

subjected to centnﬁlgénry]l at 4“[1 atl 00 x g) for 10 minutes with low break.
Pellets were resuspended 1n %Mmg buffer (BD Biosci ) and were subjected to
fter MCT-7
nj ection
and
cont i nued

ovinryvy, Aavy
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~
(
nmol ecul e and
gl ycoprotein
expressed on
the cel]
centrifugation (3000 g}t{ fa p \regs[owérfke at 4°C). Pellets were then
resuspended in FBS sfaing eé
Soi I dCWXJ =S .
pinal cord cells were staipe antibodie§ td markers used to determine
populations of residellt n[lm 12 lC]glﬁn:@Ilb; ajgblood—derived leukocytes
(granulocytes and mopdyt@,t@iig&b@). To optimize antibody dilutions, cell
numbers were first coaﬂ ding a'pan blue staining by diluting the cells 1:1 in trypan
biue (10 pl trypan bh f aﬁ p?t:ico ting cell number using a
hemacytometer. Samué;ﬂ'ie‘[sjvbrjgg cgjte Wil L’c gockm (Purified rat anti-mouse
CD16/CD32 (Foylll eceg
binding due to antiboly @hbiink: tGhe Fe receptor. After incubation with Fe block for

about 5 minutes, the @E@AMIOTI :m&i)dlg@) Biosciences) were added to
the cell samples to asies§he pésse}e)tf rséitgngn'éralia and blood derived

leukocytes: R-Phycoerythrin (R-PEJ-conjugated rat anti-mouse CD1 1b (0.2 mg/ml),
FITC anti-mouse Ly-%gld Ltja @ -1; 0.5 mg/ml), FITC anti-mouse CD3 molecular
complex (0.5 mg/ml)Sr]d]}En'ﬁirﬁ Gl&)phﬁ)-f protein (PerCP)-conjugated rat anti-
mouse CD45 (Leukoadﬂ*mt antialﬁﬂ; 0.2 mg/ml). To control for non-specific

binding and autoﬂuo@cﬁaﬁ lst 16 ﬁ‘i wff performed using appropriate isotype
control antibodies (i.e. PE la]ele&GI, k isoéfe control (0.2mg/ml); FITC labeled
d

rat IgG2b, k isotype con Q
(0.2 mg/ml)). A cell Qﬁsl}ml:leslso was included in the staining incubation. Cells
were incubated for 30-5@11#‘1@ F"g Fowgﬂeincubaﬁon, the cell samples were
washed twice in FBS{ajpipg pu esuspended in 1% buffered formalin. Cell
samples were stored z? 2’%2; agéz:?tu’sin a BD FACScan (BD Biosciences).

The results ot%glgv cylcménpv_gséetmm'ned from density plots (CD45, y-
axis; CD11b, x-axis) aiQ dml\&t va*)n mﬁo@&u’e (Scripps Research Institute,
California, USA) ande}{u‘ehbetween the different treatment groups. Using the
WinMD1 version 2.8a)ﬁ'fnii, the r@lmgsruce of CD45 and CD11b staining was
determined for each u'eahnfnt-gr up. Eraﬁo of blood-derived leukocytes over resident
microglia was determ@iQ a8 alrahg Imc§1§uorescence values of CD45:CD11b.

ten days
after the

| ast dose of
3W 1p- sal Val

11" N \wwmco

- BD Biosciences; 0.5 mg/ml)) to reduce nonspecific

-conjugated rat fgG2b isotype control
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LPM treated

tunors

showed
Standard errors of the Ine'an tlst v\ler@etermined for each of the treatment groups. The
result are depicted in T§b & 24.. The results show that 24 hours after SCI, mice in Group 1
treated with LPM1d 2 hoyirs ust-g(]f ex| d a reduced ratio of blood derived
leukocytes in the spinMr Ipared to mice treated with vehicle only. The apalysis
shows that mice rcceiante {Jose oKPM-ld@ MO hours post-SCI revealed that the
blood-derived 1eukoc3ite'ﬁ'@’¥li:ca&tt %4 was significantly (P< 0.05) reduced
compared to controls. glg gﬂ % a 0% uction in blood-derived leukocytes as
microglia numbers did not change een e groups. At 48 hours post-SCI, the ratio of
spinal cord cells from 1LJ HQJ with two doses of LPM1d at 2 and 24 hours post-
infection (i.e. Group mo@g{ s@&@ﬂdﬂ@'ﬂw between the test and control
raos. I n addition,

TABLE 24: The Ratlo ttf Blog '5 b ééik gta vs Resident Microglia at 24 and

Treatmentf h Qf Timepoint
vprR iy T |

vehicle = 7 (24w

SN T-Tal A Y | P
vehicle bl 1) 038 | R

Growl 1AL () 13615 0965 [48hr

2. Immuumgcﬁlnis% I:iL@:t Microglia/Macrophages
Fluorescence IA@EH st S stS was@e@rmed on slides containing fixed

tissue sections from Seqz/qos@e'ﬂ eué drds ﬁ s were thawed, rinsed three
times in PBS, and bl kﬁ 10% gral oat serum for 30 minutes at room
temperature. To detect mlcrogha/mj:rop ages, slides were incubated with a rabbit anti-

Ibal antibody (1:1000% @1@ Ql al@l%A Ilc ﬁr two hours at room temperature.

Following three wasltdh &S ﬁl&s &Je ldubated for one hour at room temperature

with the Alexa488 gopy@abbl seco% WFI :1000, Molecular Probes Inc.,

256

USA) to visualize Ibﬂ g l]:xd hed rebtlmes in PBS and submerged in
Hoechst 33258 (1 pg/ ma Aldnc &ia)
To qua.ntlfy c1of al acr ion/recruitment within the lesioned

spinal cord, an overlmon by 1024 pxxels) was placed onto digitally captured

- SAl Var 4
(LPM d) was
used in the
tr eat ment

F oAl P
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Eight- to
ten-week ol d
C5751, 12§7

femal e mce
confocal thresholded f seagiksgré iptnal cord sections containing Iba-1 signal

using SigmaScan Pro §o: é SPSS wa of the area occupied
by Iba-1 signal was ca getermme & de slty of spma.l cord
microglia/macrophag Tba: Je EaﬁS days post-SCI. At least two

sections from the cemwat.hc I%@l);ite XA i@zl was assessed (n =2-3 animals
pet group). The meardrid Waﬁ%(ﬂ)f ﬂf W (ﬁM) Iba-1 signal was determined

and the resuits are dep ted § fiﬁ e results show that animals receiving a single
§oup and mijce receiving three doses of LPM1d at 2, 24,

dose of LPM1d at 2 hour: i
and 48 hours post- SC(( fn ow4) 49% an @/a reduction in cell numbers,

respectively, compmh tndlu 6i@contmNEhis was statistically significant (p<0.05
difference between th@at@w pgs Kllskal-gﬁidne way ANOVA on Ranks). In

this experiment, rmce of LPMI1d at 2 hours and 24 hours
l:xce in the‘):rc

showed no significant, diffe entage o cells that were Iba-1 positive

compared to control clalln J e C e
TABLE 25: Density & [H:b CAt OBt Gilia/Macrophages 5 days post-
CI

[ Treatnlenty/| 5] SEM

] d2148, 4 280
! T b U T1Tdse

| 13465~ | 1337
Group ril dl Iz laks Y297

O with 10
u;grmp-ﬁ LP]HM Lgr[;}t Model

The effects of, %s in breast cancer were assessed using an established tumor

xenograft model. Fetell; aipyg@xéaelﬁ m{ vie{e injected with 2.5 million cells

(in 0.2 ml of PBS/Ma§7' 1) e estrogen dependent breast carcinoma cell line MCF-7
re Collection (ATCC), Manassas, VA) and the effects of two LPM
n

{American Type Cul A

molecules onytimcor gan.hyeQ Qspsm el

r sripstMaE) 33- 55

In this study, PEIP %&ﬁad e>M (SEQ ID NO:216) was used in the

treatment regime. Thc Ig\éf:rmﬂ'uéadahué?}llﬁ chemokine linked to a wildtype
al - (1857)1
Mel Med
75: 77- 88)

ot niil 1 F1 aAd
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SAI moiety. Ixm'ape@z.lsagosing {[ﬂ) }L#IS]S-IB-SAIVMI LPM or vehicle
control began on day j~afk CF-7 injesjion and continued every day through day 21.
Tumors were allowed fo confinue to grow until Day 31.

1. Tumor growth

The effects of SDF-1B-SA1Varl in retarding the progression of MCF-7 breast
carcinoma cells in this mouse xenograft model was determined by assessing tumor
growth as measured by tumor weight and tumor volume. In the absence of SDF-1B-
SA1Varl, tumor growth steadily increased from day 7 (starting at about 100 mm®)
through day 31, reaching maximal tumor volume of about 980 mm® by day 28.
Treatment of mice with LPM at a dose of 100 pg/kg also resulted in a steady increase in
tumor growth; however, the magnitude of tumor growth was significantly less than in the
absence of LPM. For example, in the presence of LPM maximal tumor growth was
reached at day 28, however, maximal tumor volume only reached about 500 mm®. The
results show treatment of mice with LPM resulted in a statistically significant decrease in
the rate of MCF-7 tumor growth. The final tumor weights from test animals decreased by
an average of 35% and final tumor volumes by 41.5% ‘that of control (significant using p
< 0.05 two tail t-test).

2. Inflammatory Infiltrate

Microscopic examination was used to determine the effects of SDF-1B-SA1Varl
LPM on the inflammatory infiltrate in this model. Tumors were excised and sectioned
ten days after the last dose of SDF-1B-SA1Varl LPM was given to the mice (i.e. day 31),
and examined by microscopy to evaluate the leukocyte infiltrate around the periphery of
the tumors. Cells were visualized with Haematoxylin and Eosin (H&E) staining. The
results showed that there was 36% less cells in the tissue of LPM treated animals
compared to animals treated with vehicle only, which was statistically significant.

3. CD-31 Staining

Histological examination allowed the visualization of the extent of intratumoral
necrosis and vacuolization. Ami~CD-3I (goat polyclonal PECAM-1 (clone M-20), Santa
Cruz Biotechnology, Santa Cruz, CA) was used to visualize PECAM-1, a cell adhesion
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molecule and glycoprotein_gi%sed on the cell surfaces of monocytes, neutrophils,
platelets and a subpopulatilm g'j‘ o&sCPEdAI@f']lS is expressed on the surface of
adult and embryonic endot@lfal cellf e.:h*s @Jle egaised, sectioned and stained with

anti-CD-31 antibodies ten ay's Was’: KOSﬁo()SDF—Iﬁ-SAIVarl LPM was given to

the mice (i.¢. day 31). Briefjy, formalin-fixe affin embedded tumor specimen
sections were deparaffinized and iyt N éiﬁea{ment of heat-induced-epitope
retrieval in Target Retrievmn (ﬁdo, ]ﬁ(&lﬁoﬁhﬁon, Carpentetia, CA) was
used prior to primary anﬁlt)d}’}cﬁu@@g*]!@@ts Eeroxidase activity was inhibited

by incubation with 3% HZWWEmngfas blocked with DAXO Protein
Block Serum-Free (Dako jtion, teria, CA). Sample were incubated with
primary (anti-CD-31) mtm;edth(s |in tIJam temperature. Tissue
sections were then incubal ith Mﬁﬁed rabbit anti-goat immunoglobin (Vector
Laboratories, Burlington, tlAei@@d eﬂ) fo)i S(rlpinu& at room temperature,
followed by application owﬁodléﬁfmﬁ 8 it System Labeled Polymer, HRP
(DakoCytomation, Carpenigria, 'A). Staipipg was developed with Liquid DAB+
(DakoCytomation, Carpe! _Q, EP!) ahd ysm(;iQHaematoxylin. Some
leukocytes (visualized bytirkalar s&ﬁ:k updBistologicel analysis) and endothelial
ceils (visualized by stajm':(g ﬁé{lﬁ)ﬁl.&n elongated shape) stained positive for CD-31.

‘These results indicated thTﬁTncHaaﬁge i in the growing tumor. Conversely,
there was no CD-31 staining in the SD¥-I5-5A arl LPM treated tumors indicating the

absence of macrophages &L@’l@ §@}£1'gll> ’IQe‘-ilfathe absence of intratumoral
endothelial cell blood veslsell. f er ad lve

+. we7sagsomer ul onep
Histological exanf.ﬁﬁo 0! usedl\t7ésimse the effects of SDF-1§-SA1Varl

1PM on cell proliferation in this model by stainmg cells With rabbit polyclonal anti-Ki-67
antibody (Santa Cruz Bio_[ecﬁu!loé, s WMBL2 @A) ton days after the last dose of
SDF-18-8A1Varl LPM \llaﬁj’eﬁ@{m@de day 31). This antigen is expressed
during all active phase ow c@ *yf;lc gﬂu SXZ a@ H phases), but is absent in resting
cells (GO-phase). The Kid%en ‘Ompigyﬁea'aded as the cell enters the non-
' treated

i nt mvenously

W th

vehi-ct-e;—50--

or 100pg/ kg

nf + hoe
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proliferative state, anil- tle-ﬁ Ino aﬁeeﬂﬁlﬁﬁ? ‘gring DNA repair processes.

Briefly, formalin-fix affin embedded tumor specimen sections were deparaffinized
and hydrated. A pre’:'é:t:em (o?]!’e]agnducedl—’epitope retrieval in Target Retrieval
Solution (pH 9.0, D n, Carpenteria, CA) was used prior to primary antibody
incubation. Endogen@' pea;lidase ittvnhwas inhibited by incubation with 3% H0a,
and nonspecific stzum&c* bﬁ:ked with DAKO Protein Block Serum-Free
(DakoCytomation, Ct-pat$e1, Cd)ljafnp§s W§ Bcubated with primary (anti-Ki-67)
antibody diluted 1:200 for 30 min at room tempefature. Tissue sections were then
incubated with biotin; hlgo[mi'rabbit immunoglobin (Vector Laboratories,
Burlington, CA) dilu@ 0150 fm@&@l@ R d)h tﬁperature, followed by

application of Dako ision+ Rabbit System Labeled Polymer, HRP (DakoCytomation,
Carpenteria, CA). Staini veloged:with Liguid DAB+ (DakoCytomation,

O, SR .
Carpenteria, CA) and 603 rstained ax th Haematoxylin. A large number of cells were
proliferating in the notr™ atetﬁnm) as sQV[n by Ki-67 staining. In contrast, SDF-1p-

SA1Varl LPM treatea.tlzu‘ls Qowwttlt sthhing with anti-Ki-67 indicating decreased
tumor progression. ITa@forEqapezfq@:emm{y Eyeer cells had undergone
necrosis as evidencedayrtﬁ cﬁrdacmﬁ%nithﬁcld.

B. MCP-1-SA1Var4 (LPM1d)

In this study, 9(9%§S|Ai/ar4 QPQ% wat u@d in the treatment regime.
Intraperitoneal dcsin&anlngia 7 alld QiokERceived either vehicle; (1) one dose of
2 mg/Kg LPM1d on ¢|7; ()G et LY d po days 7, 11, 15 and 21 or (3)100

pg/Kg LPMId every agﬂ dar 7&1&)“@ 5%21 Tumors were allowed to continue

to grow until Day 32. cent change in body weight of the treated animals between

different coborts inclitlihg i control did not exceed 0.5%.

In the absenc&@ﬂp, Eurlmﬁr@fs steadily increased from day 7 through
day 32, reaching maxtmht@xor gl@lquleln {Q(e:m3 by day 32. Treatment of

mice with LPM at allé)fmg rﬁfﬁ reﬁl@i in a steady increase in tumor growth;

however, the magnitude of tum owth was significantly less than in the absence of

LPMI1d. Treatment v%iq‘/JCP(jr- Aléﬁlg’Mld) induced a statistically significant
forth in

PEI )
LUPUS: 22

2. The
nmAdl fi1 aAd
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i ndependent |
decrease in the MCF- : or a‘fth@ maatfed by tumor volume and weight. The
decrease in fumor groj 0] M1 trqahne%u was similar from day 7 until
day 29, although by day 32 there were s & differences in the effects of the different
LPM1d treatment groEpJ on tulno%wﬁ Thof[w.l tumor weights from groups 1-3
decreased by 41, 58 .l Bhat BeGitrol I(sihiim@ using p < 0.05 two tail t-test).
The final tumor volulasgom groups 1-3 decreased by 47, 63 and 40.4% that of control
{significant using p <. il t-test), Thigpipdy mdjcates that a single or minimal
repeated dosing is enotl)lglf :gzﬁ tca’ntl?decrqz :I’L of tumnor growth.

A second MC&rﬁoﬁ:ji expﬁin‘al%s [oxﬁcted with LPM1d. Dosing
regimes from the ﬁrsdexﬁxdlﬁtnm shlﬁr results. An additional dosing regime
was added whereby txtna p'eg Wo first grow to ~ 700 mm® tumor volume
(instead of ~ 100 mm, nt with LPM1f inprder to test whether treatment
could affect large grov?vil:lg §s (withtglg i)rominer?:msculamre). Thus, the tumors
were allowed to gmwlun(i] o@ Ea)n onle a&xﬁi tion of LPM1d or vehicle
control. The animals &mdate‘drﬁ lOd ué&ﬂpl\& via intraperitoneal injection
every fourth day frontddﬂ@rthmtxgl&r. 'getmerﬂ LPM1d significantly reduced
tumer volume immed'g @ﬁt«te flrst mjeo?ﬁpét 0.05) compared to controls. This
trend continued out to 43.

t EXAMPLE 10
Activity of LPMd in&x&%la}t&dmﬂ@ne Encephalomyelitis (EAE)an animal

model of Multiple Sclerasis.,
Eight- to ten- ctzﬁg mﬁ%gﬁ%xgaleemice (Jackson Laboratory, Bar Harbor,

Maine) were divided‘bA 4 Q Gr1t4)Qo ira-lce EAE Groups 1 and 2 (n=9) were
injected subcutaneouslfy e ecpttf @ il on Day 0 with 100 pg of myelin
oligodendrocytes glyt{ophta?ltMOG)%-SS peptide (Bernard et al. (1997) J Mol Med
75:77-88) emulsified itn H(tpléffo E‘:TFlgmd’s adjuvant (Difco Laboratories,
Detroit, MI). These micg algo received an infraperitoneal (i.p.) dose of 300 ng of
reconstituted lyophiliyéé pet'nl;is m@xﬂ 0 pl of phosphate buffered saline on Day 0
and again on Day 2 (tiure} tl mlat Mez4$y3). Groups 1 and 2, respectively,

al e

(art:doll

aten,(g) is

i nurnalizulo

~111 rf nm
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received 6 daily injec'gxis W)H‘LPM 1d (500 pg/kg) in buffer (50 mM sodium
citrate buffer, pH 6.2, 0.05mM ERTA at O‘V v/v glycerol) or buffer alone, Control
mice (n=6) in Groups andg respecgw'le ly, Tecéived no injections at all and 6 daily (D3-
8) injections of only SQ)rqugtLﬁIld n a

Animals were B‘luate(ﬂgl:ﬂb@mg&slcm;ng system that makes the assessment

of disease on a scale rfnqaff{ fre)‘() f ]é(r\ﬁeTe_r ef ahZOOS) The disease score is the
sumn of the state of the ur limbs. For the tail, a score of 0 reflects no
signs, 1 represents a hg::lﬁlﬁyzeﬁ 1ail, while a score of 2 is given to a mouse with a fully
paralyzed tail. For eaxp&‘ tQImBJr fmahml Qch assessed separately, 0 signifies no

sigus, a score of 1is a(wglkla-alwle@)t 2 represents paresis, while a score of 3

denotes a fully paralyﬁﬁr@ ITI'@ WaTg@e_d xdadriplegic animal would attain a

score of 14. Mortahty results show that control mice (groups 3
and 4) exhibited no paralysis. Y(Jupdthe EAE model treated with buffer, develop
paralysis starting abm&a tlomlﬁ increasing linearly to a mean Clinical
score of greater than (b)'\m)ﬂ}e treated EAE animals started to develop paralysis,

with a mean score of éalﬁ li_l]qut 01 lt) éuch deceased to control levels {close
to 0) by day 12 andr éﬂiﬁrﬁ) cy

In the acute expenmental autqmlmune encep alomyelitis (EAE) model of
multiple sclerosis, OPQECQLPQ Inad' a aigmc effect on the disease course, The

onset and severity of c( Qw&elénﬁcantl)&e)mgled and reduced, respectively. In this
study animals were u@»id ﬂ]& vti‘tee'ﬂqe aIIPM odiays 3-8. Control and test

animals showed an inij 5 isense on day 10 as predicted. Thereafter clinical
severity scores of disease returned 10 ze; C|l1;>](no behavioral.indications of disease) in treated
versus control ammalneg Jeverity scores of 6-10) over the next four

days. | - act i vating
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15 wherei n thg
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17 cel{is are ¢
Animals with no injed@ds br Fetiaibn@Glaisease) scored zero throughout,

PLE 11
OPL-CCL2-LPM was tested i a model of Anti-Thymocyte Serum (ATS)-

induced mesangloprog'egtmqlglMglﬁitplgus Qafe rats were injected with ATS on
day 0 and treated mh'@tluoaf MC@& €0 §r 100pg/kg of the recombinant protein

Q2D from day 2 untlt'l}dy W 8)0(1 collections were made prior to ATS
injection and on day: 3 ﬁn jls FTre sacrificed on day 9. No treatment related

effects on body weight or sign of clinigal toxicity were observed. Urine protein levels

were decreased in treat! tipagJJémal analyses of kidney sections revealed
maximum reductlons.of@nf] 3%@8 for l;l lnek.lar lesions, M/M count,
fibronectin and a~smet)@f.ls® aceSsg(lnv@ﬁhe latter two proteins are markers
for extracellular matrb f'ntheﬁ ﬁxgnes ial cell activation, respectively, These
results indicate a significant renal-protecti ffect in this model of nephritis and indicate
that the chemokine-1 xg caxgsg di

auf act

Since mOdlﬁk‘r’lﬁg &l@ those of skill in this art, it is intended that
this invention be hmlé d S scopc o e S appended claims.

n the treatment of diseases.
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42. Use of a
conj ugate

CLAIMS: for
1. A modified Shiga toxin poly;Fp 6 orﬁﬁlﬁa Iﬁompnsmg one or two amino acid
modifications in a Shiga toxin, allelit or specles ereo catalytically active fragment thereof, or

active fragment thereof, whereJQ

the amino acid modiﬁcnﬁ ﬁ [epbea.erts a‘.cgﬁ lt)th of amino acid residues at positions

corresponding to positions 38 a?/or 219 with reference to amino acid positions in Shiga Toxin Al subunit
(SA1); and

SA1 comprises the seqtenaclf agetxdq seﬁ in Sa) ID NO:22
2. The modified S}ugagct:i;iolgp ide oftclaéax‘ilheﬁn the modification renders the Shiga

toxin polypeptide less toxic than without t8€ modification.
3. The modified Smgato@pol)apudgﬁfjlm |1 , yherein the modification at position 38 is

Argor Lys; and the modiﬂcaﬁv\h@rn éﬂiis ﬂa Gly utsh

4. The modified Shiga toxin of clai L[ t has at about 80%, 90%, 95%, 96%, 97%, 98%,
99% sequence identity to the poryplrpt& L h Qx[ se!qu §f amino acids set forth in SEQ ID NO:

22, and that includes the modiﬁ@ﬁ@ﬂ t;cla‘resﬂ@ng uamno acid positions 38 and/or 219.
5. The modified Shiga ft)jlrf@lfmll (f 4é/}6eru tre modifications correspond to L38R and/or

6. The modified Shiga aﬂyuy oﬂlﬁ'.ms 1-5, wherein the Shiga toxin comprises the A

subunit clains 1-8,

7. The modified Shiga toxﬁol eptide of any of[ a.]ms 1 -6, wherein the Shiga toxin comprises
the Shiga toxin A1 chain (SAT); o

8. The modified Shiga @b b cl#ma@]@m the SA1 is truncated.

9. The modified Shiga ﬁ’t‘ Er?t g’f or claim 8, wherein the SA1 comprises a sequence
of amino acids set forth in SEQ [} or 2

10. A conjugate, com}Lsa:r g et I n g
a targeted agent that is &g}@ﬁ]ﬁgﬂ tot'me' actia fragment thereof, of any of claims 1-9;
atargeting agent, or a pl’)r[£u lhexleof, WIHQ ﬂtonjugate binds to a cell surface receptor,
resulting in internalization of th@%a@ {ge@i@@ @@g the receptor.

11. The conjugate of clgi PRSI @l ipg @rﬂmems: (targeting agent),, (L), and
(targeted agent)y, wherein: tmllfé) tg %‘F glt

L is a linker for lmkmgeeerL nLg ageSLU}L tigaic\gg
targeting agent is any Wleetet elPtelOLFds toa c face receptor;

m and n, which are sele; tehl;d ently, are at least 1; and

q is 0 or more as long as th ting conjugate binds to the targeted receptor, is internalized and

delivers the targeted agent; Congl gat e I S
a conjugate
of any of

cl ai n8 5-34.
N2 A

V219A.

and
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the targeted agent(s) is internalized in g cell bearm the receptor; and
when the conjugate co ins Ql )@@g geted agents, the targeted agents are the same or

different, and when the conjuga don&e a@e)f tatgemiﬂs the targeting agents are the same
or different. ' is s e | e C

12. The conjugate of ialm 11, whereinm and n, whwh are selected independently, are 1-6.
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14. The conjugate of any of claims 11-13, wherein:

the targeting agent is selected from among a chemokine receptor targeting agent, a non-
chemokine cytokine, a hormone, a growth factor, an antibody specific for a cell surface receptor, a
TNF superfamily ligand, and a pattern recognition receptor (PRR) ligand.

15. The conjugate of claim 14, wherein the growth factor is a VEGF.

16. The conjugate of claim 14, wherein the chemokine receptor targeting agent is a
chemokine, or a ﬂag;nent of a chemokine that binds to a chemokine receptor, or an antibody that
specifically binds to a chemokine receptor, or a fragment of an antibody that specifically binds to a
chemokine receptor.

17. The conjugate of claim 16, wherein the chemokine receptor targeting agent is a
chemokine.

18. The conjugate of claim 17, wherein the chemokine is selected from among monocyte
chemotactic protein-1 (MCP-1), MCP-2, MCP-3, MCP-4, MCP-5, eosinophils chemotactic protein
1(Eotaxin-1), Eotaxin-2, Botaxin-3, stromal derived factor-18 (SDF-18), SDF-1a, SDF-2,
macrophage inhibitory protein 1o (MIP-1c0), MIP-18, MIP-1y, MIP-2, MIP-2c., MIP-23, MIP-3,
MIP-38, MIP-3a, MIP-4, MIP-5, Regulated on Activation, Normal T cell Expressed and Secreted
(RANTES) protein, interleukin-8 (IL-8), growth regulated protein o (GRO-a), interferon-inducible
protein 10 (IP-10), macrophage-derived chemokine (MDC), granutocyte chemotactic protein 2 (GCP-
2), epithelial-derived neutrophil-activating protein 78 (ENA-78), platelet basic protein (PBP), gamma
interferon-induced monokine (MIG), platelet factor 4 (PF-4), hemofiltrate CC chemokine 1 (HCC-1),
thymus and activation-regulated chemokine (TARC), lymphotactin, lungkine, C10, liver-expressed
chemokine (LEC), exodus-2 (SLC), thymus expressed cheiokine (TECK), cutaneous T-cell
attracting chemokine (CTACK), mucosae-associated epithelial chemokine (MEC), single C motif 1-
(SCM-18), interferon-inducible T-cell alpha chemoattractant (I-TAC), breast and kidney-expressed
chemokine (BRAK), fractalkine, and B cell-attracting chemokine 1 (BCA-1), or allelic or species
variants thereof. )

19. The conjugate of any of claims 10-18, wherein the targeting agent specifically binds to
one or more cell surface receptors on one or more immune effector cells, or other cells associated with
an immuane or inflammatory response.

20. The conjugate of cla'im 19, wherein the one or more cells is another cell associated with
the immune or inflammatory condition and is a tissue residential cells (TRC).

21. The conjugate of claim 19, wherein the immune effector cell or cells is an activated

leukocyte.
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22. The conjugate of claim 19or claim 21, wherein:
the cells are selected from among monocytes, macrophages, dendritic cells, T cells, B cells,
cosinophils, basophils, mast cells, natural killer (NK) cells, and neutrophils; or

the one or more cells is another cell associated with the immune or inflammatory condition
and is a tissue residential cells (TRC); and .

the TRC are selected from among mesangial cells, glial cells, endothelial cells, epithelial
cells, tumor cells, fibroblasts, and synoviocytes.

23. The conjugate of claim 22, wherein:

the cells are tissue macrophages selected from among alveolar macrophages, microglia and
kupfer cells; or '

the cefls are dendritic cells selected from among immature dendritic cefls, mature dendritic
cells, and langerhans cells.

24. The conjugate of claim 22, wherein the T cells are selected from among CD4+ and CD8+
T cells.

25. The conjugate of claim 24, wherein the CD4+ T cells are Thl or Th2 cells.
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26. The conjugate of claim 24, wherein the CD4+ T cells are Th17 cells.

27. A conjugate, comprising a chemokine selected from among I-309, MCP-1, MIP-1a,
MIP-18, RANTES, MCP-3, MCP-2, IL-8, MIG, IP-10, FTAC, SDF-1a, SDF-18, BCA-1, an Eotaxin,
MCP-4, MCP-5, C10, LEC and MIP-1b2 or a fragment thereof, linked directly or via a linker to a
modified Shiga toxin or SA1 subunit thereof, or active fragment thereof, of any of claims 1- 9.

28. The conjugate of any of claims 19, 20 and 22-27, wherein the cells are activated.

29. The conjugate of claim 21or claim 28, wherein activation induces the expression of one or
more cell surface receptors.

30. The conjugate of any of claims 10-29, wherein the cell surface receptor is a chemokine
receptor selected from among CXCR1, CXCR2, CXCR3A, CXCR3B, CXCR4, CXCR5, CXCR6,
CCR1, CCR2A, CCR2B, CCR3, CCR4, CCRS, CCR6, CCR7, CCR8, CCRY, XCR1 and CX3CR-1,
wherein:

the chemokine effects binding to a receptor whereby the conjugate is internalized into a cell
bearing the receptor.

31. The conjugate of any of claims 10-30, wherein the targeting agent and targeted agent, or
active fragment thereof, are linked directly via a covalent or ionic linkage.~

32. The conjugate of any of claims 10-30, wherein the targeting agent and targeted agent are
joined via a linker.

33. The conjugate of claim 32, wherein the linker is a peptide, an amino acid, polypeptide or
chemical linker.

34. The conjugate of claim 33, wherein the finker is selected from among N-succinimidyl(4-

iodoacetyl)aminot yate, sulfo inimidyl(4-iodoacetyl)aminobenzoate, 4-

succinimidyloxycarbonyl-a-(2-pyridyldithio)toluene, sulfosuccinimidyl-6-(a-methyl-a-
(pyridyldithiotoluamidc)hexanoate, N-succinimidyl-3-(2-pyridyldithio)propionate, succinimidyl-6-
(3-(2-pyridyldithio)propi ido)k ul inimidyl-6-(3-(2-

pyridyldithio)propionamido)hexanoate, 3-(2-pyridyldithio)propionylhydrazide, Ellman’s reagent,
dichlorotriazinic acid, and S-(2-thiopyridyl)-L-cysteine.
35. The conjugate of claim 33, wherein the linker is an Ala-Met linker.
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36. The conjugate of any of claims 10-35 containing a sequence of amino acids set forth in
any of SEQ ID NOS: 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64 or 67.

37. A nucleic acid molecule, comprising a sequence of nucleotides that encodes a conjugate
of any of claims 10-36.

38. A plasmid, comprising the nucleic acid molecule of claim 37.

39. A host cell, comprising the plasmid of claim 38.

40. A pharmaceutical composition comprising a therapeutically effective concentration or
amount of a conjugate of any of claims 10-36 iv a pharmaceutically acceptable vehicle.

41. A pharmaceutical composition for targeting a Shiga toxin to a cell, wherein:

the composition contains a conjugate of any of claims 10-36 in a pharmaceutically acceptable
vehicle. :

42. Use of a conjugate for formulation of a medicament for targeting a Shiga toxin to a cel,
wherein:

the conjugate contains a modified toxin of any of claims 1-8, and a cell surface receptor
targeting agent to a cell that expresses the targeted cell surface receptor, or the conjugate is a
conjugate of any of claims §8-34.

43. A composition of claim 42 for use as treatment of an imunune or inflammatory disease or
disorder. A

44. Use of the composition of claim 40 for formulation of a medicament for treatment 'of-an' )
immnuiee or inflammatory disease or disorder.

45. Use of a conjugate of any of claims 10-36 for formulating a medicament for inhibiting a
disease or disorder, wherein the disease or disorder is an imnmme or inflammatory condition
associated with inflammatory responses and/or secondary tissue damage associated with activation,
proliferation and migration of one or more cells;

the conjugate binds to one or more cell surface receptors expressed on one or more cells
resulting in internalization of the targeted agent in cells bearing the receptor;

the conjugate inhibits the activation, proliferation or migration of one or more cells.

46. The use or pharmaceutical composition of any of claims 40-45, wherein:

the conjugate inhibits the activation, proliferation or migration of one or more cells involved

in a disease or disorder selected from among CNS injury, CNS inflammatory diseases,

_neurodegenerative disorders, heart disease, inflammatory eye diseases, infl y bowel disease:

infl. v joint diseases, infl y kidney or renal diseases, inflammatory skin diseases,

inflammatory lung diseases, mflammatory nasal diseases, inflammatory systemic diseases,

inflammation in obesity and iated diseases, infl thyroid discase:
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inflammatory responses associated with bacterial or viral infections, cancers, astoimmune
disease and angiogenesis-mediated disease.

47. The use or pharmaceutical composition of claim 44, wherein:

the disease or disorder is CNS inflammatory diseases and/or neurodegenerative disorders

that are selected from among stroke, closed head injury, leuk phalopathy, choric ingiti:

meningitis, adrenoleukodystrophy, AIDS dementia complex, Alzheimer's Discase, Down's
Syndrome, chronic fatigue syndrome, encephalitis, encephalomyelitis, spongiform

Lol

spathies, multiple sclerosis, Parkinson’s disease and spinal cord injury/trauma (SCI); or

the disease or disorder is inflammatory skin disease and is selected from psoriasis,
eczema and dermatitis; or

is an autoimmune disease selected from transplant rejection and graft versus host
disease; or

the disease or disorder is heart disease and is atherosclerosis; or

the disorder is an inflammatory eye diseasc that is selected from among proliferative
diabetes retinopathy, proliferative vitreoretinopathy, retinitis, scleritis, scleroiritis, choroiditis and
uveitis; or

the disease or disorder is an inflammatory bowel disease that is selected from among
chronic colitis, Crohn’s disease and ulcerative colitis; or .

the disease or disorder is an inflammatory joint disease that is selected from among
Jjuvenile rheumatoid arthritis, osteoarthritis, rheumatoid arthritis and spondylarthropathies; or

the disease or disorder is spondylarthropathy that is selected from among ankylosing
spondylitis, Reiter’s syndrome, reactive arthritis, psoriatic arthritis, spondylitis, undifferentiated
spondylarthopathies and Behcet’s syndrome; or

the disease or disorder is an inflammatory kidney or renal disease that is selected from

among glomerulonephritis, IgA nephropathy and [upus nephritis.



