CONCURRENT CHEMOTHERAPY AND | MMUNOTHERAPY [ 1] This
i nventi on was made with support fromthe U S.
government under Grant No. ROL CA097222 fromthe
WONMII T/ | nstitutes of Health. The U. S. govddiiag06/042812
- - therefore retains certain rights to this invention.
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provi si onal application 60/732, 741 fi Noverrber 2,
2005, the entire contents of which are expressly
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[ 25] The conpositions and nmethods of the invention
may i nclude the adm nistration of one or nore
co-adj uvants. Suitable co- adjuvants include, but are
not limted to: (1) alumnumsalts (alum, such as
al um num hydr oxi de, al um num phosphate, al um num
sulfate, etc.; (2) oil -inwater enul sion fornulations
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ADP-ri bosylating toxin such as a cholera toxin (CT),
a pertussis toxin (PT), or an E. coli heat-labile
toxin (LT), particularly LT-K63 (where lysine is
substituted for the wild-type am no acid at position
63) LT-R72 (where arginine is substituted for the
wild-type amno acid at position 72), CT-SI09 (where
serine is substituted for the wild-type am no acid at
position 109), adjuvants derived fromthe CpG famly
of nol ecul es, CpG clinucleotides and synthetic
ol i gonucl eoti des which conprise CpG notifs (see,
e.g., Krieg et al., Nature, 374:546 (1995) and Davis
et al., J. Imunol., 160:870-876 (1998)) and
PT- K9/ G129 (where lysine is substituted for the
wild-type amno acid at position 9 and gl ycine
substituted at position 129) (see, e.g., PCT
Publ i cati on Nos.. W93113202 and W92/ 19265); (7)
ot her substances that act as imrunostinul ating agents
to enhance the effectiveness of the conposition. See,
e.g., US. Patent No. 6,534,064; and (8) other
I-igands for Toll-like receptors in addition to CpG
and MB' adjuvants, such as bacterial flagellin (an
effective adjuvant for CD4+ T cells; see |J | mmunol.
169: 3914-9 (CQct. 2002). [26] The active agents nay
be adm ni stered by any nedically appropriate
procedure, e.g., nornmal intravenous or intra-arterial
adm ni stration, injection into the cerebrospina
fluid). In certain cases, intradermal, intracavity,
intrathecal or direct admnistration to the tunor or
to an artery supplying the t r i s advant ageous.
Where the tunor or a portion thereof has been
previously surgically renoved the treatnent agents
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an interval of 6 weeks (thé& induction phase).
Thereafter, he underwent a second | eukapheresis for

i mmunol ogi cal nonitoring purposes. At this point, the
pati ent began mai ntenance cycl es of tenozol onm de of




EXAMPLE 4 [471 To determne if CD8+ cytotoxic

responses were induced to PEPvIII, the patient's

peri pheral bl ood nononuclear cells (PBMCs) from each
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adm ni stration of tenozolom de for 3 days and reached
its peak (0.9% of total CD4+ T cells) on day 12. The
Tregs then began to drop until day 23 while the CD8+
T cell nunbers started to recover. At the end of the
course, both of CDS" T cell and Treg popul ations
recovered to pre-treatnentgl evel s. The vacci nation
resulted in a boost of CD8+ cytotoxic T cells during
a period of relative dimnished Tregs. EXAMPLE 6
[49] Over the last 15 nonths, the patient underwent
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one or more symptoms), delay in the progression of the disease, etc.

[19]

[21] "Treatment-cffective amount" as used herein means an amount of the
antibody sufficient to produce a desirable effect upon a patient inflicted
with cancer such as gliomblastoma, including improvement in the
condition of the patient (e.g., in one or more symptoms), delay in the

progression of the disease, efc.

[22] Subjects in need of treatment by the methods described herein include
subjects afflicted with glioblastoma ér astrocytoma, as well as subjects
afflicted with other solid tumors or cancers such as lung, colon, breaét,
‘brain, liver, prostate, spleen, muscle, ovary, pancreas, head and neck,
skin (including melanoma), etc. Subjects in need of treatment
particnlarly include subjects afflicted with a tumor, such as a brain



7. The use of claim6 wherein the EGFRvIII| peptide is
conjugated to the KLH with a heterobilunctional
cross-linker. 8. The use of claim?7 wherein the
WO zeselilf unctio a cross-linker is sul fosucciRiTATEY6/042812
----- 6- [3 '"(2-pyridyldithio )-propionam do] hexanoate. 9.
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18. The use of claim 16 wherein the tunmor is an
inkpt otyendlen . adelpscepheadide ®1d gprgins 16bigker dvh thhe
. [ t .. 20 cl al.
g b S5, T S
mammalian subjects such as mice, rats, dogs, cats, livestock and borses

for veterinary purposes, and for drug screening and drug development

purposes.

[24] 'The pharmaceutical compositions of the invention can be prepared in
accordance with known techniques. Typically, the active agents are
included in a pharmacentically acceptable carrier. A variety of aqueous
carriers may be used, e.g., water, buffered water, 0.9% saline, 0.3%

~glycine, hyaluronic acid and the like. These compositions may be
sterilized by conventional, well known sterilization techniques, or may
be sterile filtered. The resulting aqueous solutions may be packaged
for use as is, or lyophilized, the lyophilized preparation being
combined with a sterile solution prior to administration. The
compositions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological conditions, such
as buffering agents, tonicity adjusting agents, wetting agents and the
like, for example, sodium acetate, sodivm lactate, sodium chloride,
potassium  chloride, calcium chloride, sorbitan monolaurate,

triethanolamine oleate, etc.
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(DetoxTM) (for a further discussion of suitable submicron oil-in-water
emulsions for use herein, see PCT Publication No. WO 99/30739,
published Jun. 24, 1999); (3) saponin adjuvants, such as StimulonTM
(Cambridge Bioscience, Worcester, MA)} may be used or particle

»

generated therefrom such ags ISCOMs (immunostimulating complexes);
(4) Complete Freunds Adjuvant (CF A) and Incomplete Ireunds
Adjuvant ([F A); (5) cytokines, such as interleukins (IL-I, 11.-2, etc.),
macrophage colony stimulating factor (M-CSF), tumor nectosis factor
(TNF), etc,; (6) detoxified mutants of a bacterial ADP-ribosylating
toxin such as a cholera toxin (CT), a pertussis toxin (PT), or an E. coli
heat-labile toxin (LT), particularly LT-K63 (where lysine is substituted
for the wild-type amino acid at position 63) LT-R72 (where arginine is
substifuted for the wild-type amino acid at position 72), CT-SI09
(where serine is substituted for the wild-type amino acid at position
109), adjuvants derived from the CpG family of molecﬁles, CpG
dinucleotides and synthetic oligonucleotides Whichr comprise CpG



WD 2007/ 056061 1120845 1. TXT SEQUENCE LI STI NG <110>
Sanpson, John Signer, Darell Heinberger, Any
M tchel |, Duane <120> CONCURRENT CHEMOTHERAPY AND

WO VINEIBHERAPY <130> 000250. 00039 <150> 60/ 7 3XTAAUS2006/042812
<151> 2005-11-02 <160> 9 <170> Fast SEQ for W ndows

;{{gét?% g%ei%go '1g>et gl.j%a:!ta'r%, 974453?613 59§Aa11-1d a]x'r?s>et|_a|.(arm
J. Immunol., 160:870-876 (1998)) and PT-K9/GI29 (where lysine is
substituted for the wild-type amino acid at position 9 and glycine
substituted at position 129) (see, e.g., PCT Publication Nos.’
WO093/13202 and W092/19265); (7) other substances that act as
immunostimulating agents to enhance the effectiveness of the
composition. See, e.g, U.S. Patent No. 6,534,064; and (8) other
ligands for Toll-like receptors in addition to CpG and RIRI adjuvants,
such as bacterial flagellin (an effective adjuvant for CD4+ T cells; see
1 Jmmunol. 169: 3914-9 (Oct. 2002).

[26] The active agents may be administered by any medically appropriate
- procedure, e.g., normal intravenous or infra-arterial administration,
injection inﬁo the cerebrospinal fluid). In certain cases, intradermal,
intracavity, intrathecal or direct administration to the tumor or to an

attery supplying the tumor is advantageous, Where the tumor or a
portion thereof has been previously surgically removed the treatment

agents may be administered into the site of the tumor (and particularly

into an enclosed cavity or "resection cavity" at the site of the tumor) by

direct injection or through a pre-implanted reservoir.

[27] Deosage of the active agents will depend on, among other things, the
condition of the subject, the particular category or type of cancer being
treated, the route of administration, the nature of the therapeutic agent
employed, and the sensitivity of the tumor to the particular therapeutic

agent.

{281 In general, the doée of the tumor antigen or vaccine, such as EGFRVIII,
including any carrier protein or peptide conjugated thereto, will be
from 10, 100 or 500 pg up to 2 or 3 mg per subject, for each dose.
Doses may be given on a single occasion, optionally including follow-
up or "booster" doses (e.g., one, two or three follow up or "booster"

dosages given at intervals of from one to three weeks). Note thaf doses

10



Leu Qu Gu Lys Lys Gy Asn Tyr Val Val Thr Asp H's

Ser 1510 <210> 2 <211> 13 <212> PRT <213> Hono

sapiens <400> 2 Leu u Gu Lys Lys Ay Asn Tyr Val
WOVA7/0BI6i Asp Hi s 1510 <210> 3 <211> 14 <212> PRRIUS200b8%2812

Hono sapiens <400> 3 Leu Qu Gu Lys Lys Gy Asn Tyr
Yl e/ ﬁiw&—e'a,r G aﬁhémﬁﬁ/s%er&lgltg different injection sites, to
reduce side effects such as local responses, if desired. Where the
formulation contains both tumor antigen bound (ot "conjugated") to the
carrier protein and tumor anfigen free of the carrier protein, the
calculated dosage can include both the amount of both bound and free

tumor antigen and carrier protein.

[29] In general, the dose of the adjuvant such as GM -CSF will also be from
10 or 20 pg up to 500 pg, or 1 or 2 mg per subject, administered on the
same schedule or different schedule from the dose of the tumor
antigen. When administered on the same schedule the adjuvant may be
administered in the same carrier as the tumor antigen. When not
combined in the same carrier, the dose of adjuvant need only be
admuinistered sufficiently close in time to the dose of tumor antigen to
enhance the efficacy thereof (e.g., within one or two hours; on the same

day; etc.).

[30] Alkylating agents useful for carrying out the present invention include
(but are not limited t0) 1,3-bis(2-chloroethyl)-1- nitrosourea (BCNU)
and tetrézine derivatives, particularly [3HJimidazo[5,1-d] 1,2,3,5-
tetrazin-done derivatives such as temozolomide and analogs thereof
(including pharmaceutically acceptable salts and pro drugs thereof).
Such compounds are known. See, e.g., U.8. Patent Nos. 6,096,724;
6,844,434; and 5,260,291. Examples of alkylating agents useful for
carrying out the present invention include [3I]imidazo[5,1-d]-1,2,3,5-
tetrazin-4-ones alkylating agents, particularly those of the general

formula:

it



<210> 4 <211> 14 <212> PRT <213> Hono sapi ens <400> 4

Hs Asp Thr Val Tyr Cys Val Lys Ay Asn Lys Gu Leu

du 1510 <210> 5 <211> 14 <212> PRT WD '
wO007056@606 1PCT/ US2006/ 042812 <213> Hono PCT/US2006/042812

sapi ens1120845_1. TXT <400> 5 G n Tyr Ile Lys Ala Asn

Ser Lys~phe Ile Ay Ile Tilt Gn 1510 <210> 6

R

Na

T

N
N I

™~ \Rl

O

[31] wherein R’ represents a hydrogen atom, or a straight~ or branched-chain alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, each such group being
unsubstituted or substituted by from one to three substituents selected from halogen
(i.e. bromine, iodine or, preferably, cblorine or flucrine) atoms, straight- or branched-
chain alkoxy, (e.g. methoxy), alkylthio, alkylsullihinyl and alkylsulphonyl groups
containing up to 4 carbon atoms, and optionally substituted phenyl groups, or R}
represents a cycloalkyl group, and R represents a carbamoyl group which may
carryon the nitrogen atom one or two groups selected from straight- and branched-
chain alkyl and alkenyl groups, each containing up to 4 carbon atoms, and cycloalkyl
groups, e.g., a methylcarbamoyl or dimethylcarbamoy! group. When the symbol R!
represents an alkyl, alkenyl or alkynyl group substituted by two or three halogen
atoms, the aforesaid halogen atoms may be the same or different. When the symbol R’

12



<211> 1210 <212> PRT <213> Honp sapi ens <400> 6 Met
Arg Pro Set Ay Thr Ala Ay Ala Ala Len Len Ala Len
Leu Ala 151015 Ala Len Cys Pro Ala Set Arg Ala Len

woQom/@ees1Lys Lys Val Cys G n 202530 Ay Tilt FeErUsass/042812

[32]

£33]

[34]

Lys Len Thr Gn Len Gy Tilt Pile Gu Asp H s Phe

354045, L L t Pil As i
JRIoNa BL G, kenis g g ileprop bRy By B, $ip o e
GpRodNIS sﬁ&ﬁl’c@dl pﬂéﬁd Eﬁﬁpssﬁfe ophiBudt @Abskivifentsth the phényPEhdical(s)
Tilt ITe Gn val y Tyr Val Len lle a Len

Ay bErrelevig M@%SWIMOXY endryllyl @(pppg contaiyngd ehto 4 carbon
(e%torllnsl deeg In:lx oxy%n§)0¥ mAﬁlyI groupir ¥) an:!iqge 11} 0 group, the symbol R' may
represent, for example, 2 benzyl or p-methoxybenzyl group. Cycloalkyl groups within
the definitions of symbols R and R? contain 3 to 8, preferably 6, carbon atoms. The
compounds may be provided as salts or prodrugs, particularly alkali metal salts when
R'is H. See, e.g., U.S. Patent No. 5,260,291.

Temozolomide, in oral dosage form as 5 mg, 20 mg, 100 mg, and 250
mg capsules, is commercially available as TEMODAR™ from
Schering Corporation, Kenilworth NJ 07033 USA.

Alkylating agents may be prepared in pharmaceutically accepfable
formulations -in like manner as described above, in the same or
different formulation that contains the tumor vaccine, e.g., EGFRvII
peptide.

In a preferred embodiment, the alkylating agent is administered in a
cycle of daily doses for 3, 4, 5, 6 or 7 consecutive days. A suitable
daily dose may be from 50, 100 or 150 mg/m*/dose, up to 200, 250 or
300 mg/m?/dose. This cycle may be repeated, e.g., every two, three,
four or five weeks, for up to a total of 6, 8 or 10 cycles. The first dose
in the first cycle of alkylating agent may be administered at any
suitable point in time. In some embodiments the first dose of
alkylating agent is administered up to two or four weeks before
administration of the therapeutic antibody; in some embodiments the
first dose of alkylating agent is admiﬂistéred at least two, fouor or six
weeks following the administration of the therapeutic antibody.
Additional schedules of adminisiration may be included where
additional therapeutic freatments such as external beam radiotherapy
are also applied fo the subject. |
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Tyr G n Asn Set Tyr Ala Len Ala Val Len Set Asn Tyr

Asp Ala Asn 115120125 Lys Thr Ay Len Lys Qu Len Pro

Met Arg Asn Len Gn Gn Ile Leu 130135140 Hs Ay Ala
womb7/056@1Pi | e Set Asn Asn Pro Ala Len Cys AsPQIAIS2@iod42812

145150155160 Set Ile G n Trp Arg Asp Ile Val Ser Ser

0 e i 5 o AR R iR
g%%l%%%a%%é SSferfaY Sqeﬁ’ﬁloraéﬁﬂleﬁ% %ﬁ}i Hey&ilked 6 yraha Gy

sn Cys G n 1952002 s Len Thr Lys Ile lle
Qusod sucltias ghohla@pmaSeExigmal hean Gydothergp 1DEIGPP0 G y

3 S5 5SE SR R A B, A A 2
beam can be generated by any suitable means, including medical linear
accelerators and Cobalt 60 external beam units. The radiation source
can be mounted in a ganiry that rotates around the patient so that a
target area within the patient is irradiated from different directions.
Before irradiation the treatment is typically planned on a computer
using algorithms that simulate the radiation beams and allow the
medical personnel to design the beam therapy. Numerous variations of
‘external beam therapy that can be used to camry out the present
invention will be readily apparent to those skilled in the art. See, e.g,,
US Patent Nos. 6,882,702; 6,879,659; 6,865,253; 6,863,704,
6,826,254; 6,792,074; 6,714,620; and 5,528,650.

[36] External beam therapy is preferably administered in a series of sessions
in accordance with known techniques, with the sessions preferably
beginning two to four weeks after administration of the therapeutic
antibody. For example, the external beam radiotherapy may be
administered 3, 4, 5, 6 or 7 days a week, over a period of four, five, six
or seven weeks, at a daily dose of 0.5 or 1 Gy, upto 2 or 3 Gy, until the
total desired dose (e.g., 30 or 40 Gy, up to 50 or 60 Gy) is
administered.

[37] The delivered dose may be to an arca including a margin of normal
tissue (e.g., ~1, 2 or 3 cm margin in all directions) around the tumor,
or where the tumor or a portion thereof has previously been surgically

removed, around the site of the tumor.

[38] Where external beam radiotherapy is | employed, the patient may
receive an additional schedule of chemotherapeutic agent

administration, different from that described above, at a somewhat
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therapy.

[39] Examples of tumor antigens which can be used as anti-tumor vaccines
include but are not limited to Cyclin-dependent kinase 4; B-catenin ;
Caspase-8; MAGE-1; MAGE-3; Tyrosinase; Surface Ig idiotype; Her-
2/neu Receptor; MUC-1; HPV E6 and E7; CD5 Idiotype CAMPATH-
1, CD20; Cell surface glycoprotein CEA, mucin-1; Cell surface
carbohydrate Lewis™; CA-125; Epidermal growth factor receptor;
plSSHERZ; TL-2R; FAP-o; Tenascin; and = metalloproteinases.
BGFRVIN is exemplary of tomor-specific antigens. Cells which
express these antigens can also be used as vaccines. Preferably the
cells are killed prior to administration. The cells can be fractionated so
that a fraction enriched for the tumor antigen is used as a vaccine.
“These antigens are mercly exemplary and are not intended to bel a
comprehensive of the many useful antigens known in the art or which

may be used.

[40] Multiple preclinical model systems have demonstrated that the
depletion of immune cell subsets can abrogate the efficacy of several
types of immunotherapeutic approacheé (Heimberger et al., 2003)
indicating that chemotherapy administered during the effector stages of
immunotherapy may be deleterious to efficacy. However, this does not
preclude utilizing these agents together when. appropriately timed to
minimize the aforementioned effects. Furthermore, although.
applicants do not wish to be bound by-any particular theory regarding
mechanism of action, the depletion of certain effector cells, such as
Tregs, may be a highly desirable outcome of chemotherapy yielding
greater immunotherapeutic efficacy or may promote 2a desirable

cytokine profile for adequate tumor control.
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illustration only, and are not intended to limit the scope of the

invention.

EXAMPLE 1

[42] To test the hypothesis that chemotherapy and immunotherapy can be
administered concurrently, we treated a patient with a newly diagnosed
GBM wusing the standard of care, temozolomide, while also
administering a peptide vaccine targeting the epidermal growth factor
variant 111 (EGFRvII) (Heimberger et al., 2006). The amplification of
the epideimal growth factor receptor (EGFR) gene, which results in
over expression of the BEGFR, a transmembrane tyrosine kinase

| receptor (Ekstrand et al., 1991) is associated with the mutant EGFR
gene, BGFRvIII (Wikstrand et al., 1997). Previous work has shown
that EGFR amplification is evident in all GBMs expressing EGFRVIII

" (Heimberger ot al., 2005) and GBMs lacking the amplified EGFR are
not positive for EGFRVIII protein (Aldape et al., 2004).

[43] In May of 2005, a 51-year-old Caucasian man was evaluated following
complaints of a three-week history of persistent morning headaches
without associated nausea. A magnetic resonance (MR) image
revealed a multi-lobular, irregularly enhancing lesion measuring 6.6 x
5.3 x 4.3 in the anterior aspect of the right temporal lobe. The sylvian
fissure was bowed upward and there was 6 mm of midline shift. The
patient underwent a gross total resection, with histology demonsirating
a biphasic glioblastoma and malignant sarcoma. These components
were confirmed by positive immunchistochemisiry in the glioblastoma

component with glial-fibrillary astrocytic protein {GFAP) and abundant
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reactivity, while the EGFR-528 staining was more focal. PTEN was
strongly positive and p53 reactivity was present in more than 30% of

tumor muclei. The methylguanine-DNA methyltransferase (MGMT)
DNA-repair gene was methylated (Hegt et al., 2005).

[44]  Post-operatively the patient underwent conventional exiernal beam
radiotherapy of 6000 ¢Gy in 30 fractions. Concurrent temozolomide at
75 mg/m?2 was administéred during radiotherapy (Stupp et al., 2005).
An MR image taken at the completion of radiotherapy was unchanged

~and ciemonstrated no evidence of progression. The patient then
underwent a leukapheresis to obtain sufficient cells for immunological
monitoring purposes. The patient received three intradermal (i.d.)
injections of PEPVIL-3 (LEEKKGNYVVTDHC), conjugated to
keyhole limpet hemocyanin (KLH) at a 1:1 ratio (w/w) (PEPvIII-KLH}
(500 pg/immunization) with granulocyte-macrophage colony-
stimulating factor (GM-CSF) (142 pg/immunization) every two weeks
over an interval of 6 weeks (the induction phase). Thereafter, he
underwent a second leukapheresis for immunological monitoring
purposes. At this point, the patient began maintenance cycles of
ternozolomide of 150 mg/m2 on day 1-5. Beginning on day 19 of each
cycle, complete blood counts were monitored every other day until
there was evidence of recovery of the white blood cell count nadir. At
nadir recovery, the patient received the vaccine i.d., usually on day 23
(range = 19-25) of his 28-day cycle.

EXAMPLE 2
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completion of radiation and concurrent temozolomide the patient was
only reactive to Candida and had no DTH reaction to the components
of the vaccine, PEPVII or KLH However, after the 3rd vaccination,
the patient becarne responsive to the KLH component of the vaccine.

After the 10th vaccination, and while receiving concurrent
temozolomide, he became reactive to the PEPVIIl component of the
vaccine. For comparison, of the patients that received the vaccine
without cycled temozolomide (n=22), less than 15% ever became
reactive. to the PEPvIIL component. After the most recent follow-up
and administration of the 14th vaccination, the patient was markedly
indurated (16 x 15 mm) at the PEPvIIL DTH site. This would indicate
that the temozolomide did not negatively influence the developmexllt of

DTH responses in this particular patient.
EXAMPLE 3

[46] To determine if PEPvIIl-specific humoral responses were induced,
serum was obtained from the patient monthly and was stored at -20°C
before analysis in a PEPvII-Dynabead® assay. PEPvIII or the
extracellular domain of EGFRVII (EGFRVIN-ECD) were covalently
linked to magnetic microspheres that were used to capture specific
antibodies from patient’s serum (lnvitrogen, Carlsbad, CA) according
to the manufacturer’s instructions, All serum samples are initially
diluted 1:10 with phosphate-buffered saline (PBS) + 0.5% bovine
serum albumin (BSA) and assayed in triplicate. To determine
specificity, an additional sample sot was pre-incubated for 15 minutes
with 500ng of the PEPvII peptide to block any anti-PEPvIII that would
be captured by the PEPVII conjugated Dynabeads. Standards of
human-mouse chimeric anti-PEPVII antibody (81-0.11ng/ml) are run
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detectable humoral responses to the EGFRvIIL. Afier the vaccination,
there was a significant increase in IgG'responses to EGFRvVII to a
mean fluorescent intensity (MFI) of 13 and the humoral responses have

been maintained despite administration the temozolomide.

EXAMPLE 4

[47] To determine if CD8+ cytotoxic responses were induced to PEPVIIL,
the patient’s peripheral blood mononuclear cells (PBMCs) from eﬁc_h
leukapheresis and monthly PBMCs were sttmulated with either tetanus
toxoid (QYIKANSKFIGITE) (SEQ ID NO: 5) (10pg/ml) (positive
control), PEP-1 (HDTVYCVKGNKELE) (SEQ ID NO: 4) (10pg/ml.)
(negative control), PEPvIII (10ug/mL) (vaccine component), or KLH
(10pg/m}) (vaccine component). A negative control included un-
stimulated cells. The comresponding isotype controls were used for
each condition, including y-interferon (IFN) secretion. AH wells were
incubated for 6 hr at 37°C with GolgiplugTM (Pharmingen, San Diego,
CA), a protein transport inhibitor that blocks the intracellular transport
process. After incubation, the cells were washed and blocked for non-
specific binding using purified anti-CD16 antibody (Pharmingen) and
rabbit serum (Pharmingen). The cells were stained for surface markers
(CD3, CD4, CD8) by incubating with the appropriate fluorescein-
isothiocyanate and allophycocyanin labeled fluorescence-labeled
primary antibody or isotype conirol (Pharmingen). Cells were then
fixed with Cytofix/Cytoperm (BD Biosciences, San Jose, CA) and then
incubated with phycoerythrin-labeled antibody against v-IFN or the
isotype control. After staining, cells were washed and a minimum of 1
x 10° lLive, gated events were assessed by flow cytometry on a

FACSCalibur flow cytometer using Cellquest software (BD
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ang W?thr*]ihep II}]%P—I negative confrol. After receiving the vaccine, and
during administration of the temozolomide, there was an increase in

PEPvIII-specific y-IFN producing CD8" T cells.
EXAMPLE 5

[48] To characterize the response of the various T cell populations during a
cycle of temozolomide (5/21 schedule) and concurrently admjnjstered_
vaccine (day 19 on this example), we obtained peripheral blood on
days 0, 3, 5, 12, 19, 23, 25 and 26. By flow analysis cytometry, we
investigated the percentage of the CD8&8 T cell and
CD4+CD25+FoxP3+ regulatory T cells subsets during an
immunochemotherapy cycle. All fluorescence-conjugated monoclonal
antibodies (mAb) (PerCP-Cy5.5-CD3, FITC-CD8, APC-CD4 and PE-
CD25) were purchased from BD Biosciences except the FITC-labeled
mAb of F 0@3 was made by eBioscience. The surface and intracellular
staining of peripheral blood cells were performed according to the
standard procedures provided by the manufacturer. Results were
analyzed by FACSCalibur flow cytometer vsing Cellquest Pro software
(BD Biosciences). In contrast to the decline of the CD&+ T cell subset,
the Treg population started to increase after the administration of
temozolomide for 3 days and reached its peak (0.9% of total CD4"™ T
cells) on day 12. The Tregs then began to drop until day 23 while the
CD8" T cell numbers started to recover. At the end of the couréc, both
of CD8* T cell and Treg populations recovered to pre-treatment levels.
The vaccination resulted in a boost of CD8&+ cytotoxic T cells during a

period of relative diminished Tregs.

EXAMPLE 6
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[49] )léﬁargg% 1%%?15'% rrgmgjégéli%@%ﬁe% 711?1 Qr%v%ntv %Bmgfe% 81}%&11\” e
examination and brain MR imaging at two-month intervals. His exam
has remained stable and MR imaging has failed to demonstrate any
evidence of recurrence. He works full time without impairment and
‘has a Kamnofsky performance status (KPS) of 100% and mini-rnental
status exam score of 30/30. His neurological exam is completely

normal.

[50}1 This report suggests that concurrent administration of chemotherapy
with immunotherapy may be possible if the timing of the treatments are
carefully monitored. In the case reported, there are several findings that
indicate that the co-administration of the temozolomide has not
affected the efficacy of the PEPVIII-KLH vaccine. First, the patient has
not yet progressed at 15 months of follow-uop. This was the median
TTP for patients (n==22} that received only vaccination therapy. Thus,
the clinical efficacy does not appear to have been effected compared to
patients that did not receive the concurrently administered
temozolomide. The paiient developed DTH responses to the PEPVIII
component of the vaccine, even while receiving temozolomide,
whereas only 15% of the patients receiving the vaccine alone
developed these types of responses. Furthermore, the area of PEPVII
DTH reactivity has continued to increase with subsequent vaccinations.
Third, IgG specific responses to PEPVIIl were induced after the 3rd
vaccination and have béen maintained while receiving the concurrent
temozolomide. Fourth, the induced PEP-3 specific CD3"CD8 y-TFN

" producing T cells do not appear to be diminished during cycles of
concurrently administered temozolomide but appear enhanced during
the concurrently administered temozolomide. Finally, we have
followed the CD8" T cell and Treg populations during a single
treatment cycle and found that there appears to be a window of T

. effector (CD8" T cell) responsiveness with a relative diminution of

Tregs. Thus, the concurrent administration of temozolomide and
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the manner in which we have descnibed.

[51] The use of lymphodepletion to augment fmmmunological responses has
_ been described in both murine model systems (Berenson et al., 1975;
Cheever et al., 1980; North, 1982) and in human cancer patients
(Dudley et al., 2002; Dudley et al., 2005). Multiple mechanisms have
been proposed to be -responsible for these enhanced anti-tumor
responses. Lymphodepletion may remove competition at the surface of
anfigen presenting cells (Kedl et al., 2000), enhance the availability of
cytokines such as IL-7 and [1-15, which augment T cell activity
(Gattinoni et al., 2005) and deplete the immune inhibitory Tregs
{Anthony et al., 2005). Chemotherapy could also potentially augment
immunological responsiveness by enhancing immune priming and
presentation (Nowak et al., 2002), ephancing antigen expression
(Aquino et al., 1998), and enhancing targets for immune eradication
{(Ciusani et al., 2002). When a vaccination is administered during the
nadir of temozolomide, we hypothesized that there may be an enhanced
effecior response. Those effector fesponses may be secondary to a lag
in the recovery of Tregs thus allowing a greater clonotypic expansion
than would have otherwise been seen without the temozolomide. This
Wégs certainly observed during a monitored chemoimmunotherapy cycle
on this particular patient. The lag of recovery of Tregs relative to
effector T cells is not surprising given the normat physiological roles of
immune cell responses. In order to mount an immune response, T
effectors would need to becorme activated, proliferate and mediate their
response. If this remained unchecked by homeostatic mechanisms such
as Tregs, then the T cell ‘proliferatiou would escalate unabated.
Therefore, the delay of Treg response would allow for efficacious
immune responses but eventual down-modulation/regulation of this

response.
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[52] In conclusion, this case report. suggests that co-administration of

chemotherapy and immunotherapy may not be deleterious.
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induces lymphopenia, said chemotherapeutic agent is temozolomide or a

pharmaceutically acceptable salt thereof.

The use of claim 1 wherein the EGFRVIII peptide is conjugated to keyhole limpet
hemocyanin (KLH).

The use of claim 1 wherein said medicament is to be administered concurrently with

an effective amount of GM-CSF as an adjuvant. |

The use of claim 1 wherein the EGFRvII peptide has the sequence M-
LEEKKGNYWTDHS-OH (SEQ ID NO: 1).

The use of claim 1 wherein the EGFRVITI peptide has the sequence LEU-GLU- GLU-
LYS-LYS-GLY-ASN-TYR-VAL-VAL-THR-ASP-HIS (SEQ ID NO: 2)

The use of claim 1 wherein the EGFRVIII peptide has the sequence LEU-GLU- GLU-
LYS-LYS-GLY-ASN-TYR-VAL-VAL-THR-ASP-HIS-CYS (SEQ ID NO: 3) and

wherein KL is conjugated to the CYS residue.

The use of claim 6 wherein the EGFRvIII peptide is conjugated to the KLIH with a

heterobifunctional cross-linker.
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Len Cys Asn Val G u 1120845 1. TXT 145150155160 Sex
Ile Gn Tip Arg Asp Il e Val Ser Ser Asp Phe Len Ser
Asn Met 165170175 Ser Met Asp Phe G n Asn His Len Ay
Ser Cys G n Lys Cys Asp Pro 180185190 Sex Cys Pro Mh
Ay Ser Cys Trp Ay Ala @y Gn Gn Asn Cys Gn
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9. The use of claim 1 wherein the tumor is a malignant glioma.
10. The use of claim 1 wherein the tumor is an astrocytoma.
11. The use of claim 1 wherein the chemotherapeutic agent is a purine analogue.

12. The use of claim 1 wherein the chemotherapeutic agent is fludarabine and/or 2-

chlorodeoxyadenosine.

13. The use of ¢laim 1 wherein the tumor is a lung tumor.

14. The use of claim 1 wherein the tumor is a breast tumor.

15. The use of claim 1 wherein the tumor is a head and neck cancer.

16. The use of a treatment effective amount of an EGFRvVII peptide, the EGFRvIII
peptide conjugated to KI.H, in the manufacture of a medicament for treating tumor in
a subject, wherein said medicament is to be administered concurrently with an
‘effective amount of GM-CSF as an adjuvant and wherein said medicament is to be
administered with an effective amount of temozolomide or a pharmaceutically

~ acceptable salt thereof.

17. The use of ¢laim 16 wherein the tumor is a malignant glioma.
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1 (T_use (&e,:%lan{xy 6 w%&&%&&ﬁo? 53391 %&Q%ggw Lys Val
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19phke psporf Abmdisvhgein desumog sk giYn%s p 355360365 Len
Hs Ile Len Pro Val Ala Phe Arg Ay Asp Ser Phe Thr
His Thr

20. The use of claim 16 wherein the tumor is a breast tumor.

21. The use of claim 16 wherein the tumor is a head and neck cancer.
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23. The use of claim 22 wherein the EGFRVIII peptide is conjugated to keyhole limpet
hemocyanin (KLH).

24. The use of claim 22 wherein said medicament is to be administered concurrently with

an effective amount of GM-CSF as an adjuvant.

25. The use of claim 22 wherein the EGFRvII peptide has the sequence H-
LEEKKGNYWTDHS-OH (SEQ ID NO: 1).

26. The use of claim 22 wherein the EGFRvVIII peptide has the sequence LEU-GLU-
GLU-LYS-LYS-GLY-ASN-TYR-VAL-VAIL-THR-ASP-HIS (SEQ ID NO: 2}

27. The use of claim 22 wherein the EGFRVIII peptide has the sequence LEU-GLU-
GLU—LYS-LYS-GLY-ASN-TYR—VAL-VAL—THR—ASP-HIS-CYS (SEQ I} NO: 3)

and wherein KLH is conjugated to the CYS residue.

" 28. The use of claim 27 wherein the EGFRVIII peptide is conjugated to the KLH with a

heterobifunctional cross-linker.
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500505510 Au Ay Cys Trp Ay Pro Gn Pro Arg Asp Cys
Val Sex Cys Arg Asn 515520525 Val Ser Arg Ay My G n
Cys Val Asp Lys Cys Asn Leu Len Gn Ay 530535540 du
Pro MgJ Gn Phe Val Gu Asn Bar Gn Cys Ile Gn Cys

H s Pro 545550555560 G n Cys Len Pro G n Ala Met Asn
Ile Thr Cys Thr Ay Arg Ay Pro 565570575 Asp Mh Cys
Ile Gn Cys Ala His Tyr Ile Asp Ay Pro H s Cys Val
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 H-83 Ay dighie Hpsppienanifp #sn Cys 610615620 Thr
Tyr Ay Bar

30. The use of claim 22 wherein the tumor isra malignant glioma.
31. The use of claim 22 wherein the tumor is an astrocytoma.

32. The use of claim 22 wherein the tumor is a lung tumor.

33. The use of claim 22 wherein ﬂlf: tumor is a breast tumor.

34. The use of claim 22 wherein the tumor is a head and neck cancer.
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625 <210> 8 1120845 1.TXT <211> 405 <212> PRT <213>
Hono sapiens <400> 8 Met Arg Pro Set Ay Thr Ala Ay
Ala Ala Leu Len Ala Len Len Ala 151015 Ala Len Cys .
WOR007/08@1Set Arg Ala Leu G n G n Lys Lys Val ROIEUSZ)($/042812

202530 Ay Thr Ser,Asn Lys Len Thr Gn Len Ay Thr

Phe G n Asp H s Phe 354043 taentier Len G n Arg Met

Phe Asn Asn Cys Gu Val Val Ten Ay Asn 505560 Len

GQu Ile Thr Tyr Val GFaUENEY IASRINByr Asp Leu Set Phe

<110> Salfn%QonL,y %ohn
Bigner, Darell
Heimberger, ZAmy
Mitchell, Duane

<120> CONCURRENT CHEMOTHERAPY AND
IMMUNOTHERAPY

<130> 000250.00039

<150> 60/732741
<l51> 2005-11-C2

<160> 9
<170> FastSEQ for Windows Version 4.0

<210> 1

<2211> 14

<212> PRT

<213> Homo saplens

<400> 1
Leu Glu Glu Lys Lys Gly Asn Tyr Val Val Thr Asp His Ser
1 3 i¢

<210> 2

<211> 13

<212>» PRT

<213> Homo sapiens

<400> 2
Leu Glu Glu Lys Lys Gly Zsn Tyr Val Val Thr Asp His
1 5 10

<210> 3

<211> 14

<Z212> PRT

<213> Homo sapiens

<400> 3
Leu Glu Glu Lys Lys Gly ZAsn Tyr Val Val Thr Asp His Cys
1 5 10

<210> 4

<211> 14

212> PRT

<213> Homo sapilens

<400> 4
His Asp Thr Val Tyr Cys Val Lys Gly Asn Lys Glu Leu Glu
1 5 10

<210> 5
<211> 14
<Z12> PRT

17



65707580 Thr Ile Gn Gu Val Ala Ay Tyr Val Len Ile
Al'a Len Asn Thr Val 859095 Gu My Ile Pro Len G n Asn
Len Gnille lle Arg Ay Asn Met Tyr 100105110 Tyr G n

wonor/Betc1Tyr Ala Len Ala Val Len Set Asn Tyr PASPUSAD®/042812
Am 115120125 Lys Thr Gy Leu Lys Ju Len Pro Met Arg

Asn Len Gn Gn lle Leﬁz%g%&? 140 Hs Ay Ala Val Arg

<213> EdBesHaknAsn Asn Pro Ala Len S Asn Val du
145150155160 Set Ile Gn Trp Arg Asp Ile Val Set Set

<200> 5 Phe Len Ser Asn Met 165170175 Set Met Asp Phe G n

GIn Tyr @E 1S sP e sty ST Sete &3 16 FlyySlecysr ABp Pro 180185190
‘Set Cys Pro Asn Gy Set s Trp Ay Ala @y Gn Gn
Asn Cys G n

<210> &

<211> 1210

<212> PRT

<213> Homo sapiens

<400> 6 .
Met Arg Pro Ser Gly Thr Ala Gly Ala Ala Leu Leu Ala Leu Leu Ala
1 5 10 15
Elz Leu Cys Pro Ala Ser Arg Ala Leu Glu Glu Lys Lys Val Cys Gln
20 25 30
Gly Thr Ser Asn Lys Leu Thr Gln Leu Gly Thr Phe Giu Asp His Phe
35 40 - 45
Leu Ser Leu Gln Arg Met Phe Asn Asn Cys Glu Val Val TLeu Gly Asn
50 55 60
Leu Glu Ile Thr Tyr Val Gln Arg Asn Tyr Asp Leu Ser Phe Leu Lys
65 7C 75 80
Thr Ile Gln Glu Val Ala Gly Tyr Val Leu Ile Ala Lewz Asn Thr Val
85 a0 85
Glu Arg Ile Pro Leu Glu Asn Leu Gln Ile Ile Arg Gly Asn Met Tyr
100 105 110
Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala Asn
115 120 125
lys Thr Gly Leu Lys Glu Leu Pro Met Arg Asn Leu Gln Glu Tle Leu’
130 133 140
His Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glo
145 150 155 160
Ser Ile Gln Trp Arg Asp Ile Val Ser Ser Asp Phe Leu Ser Asn Met
165 ’ 170 175
Ser Met Asp Phe Gln Asn His Teu Gly Ser Cys &ln Lys Cys Asp Pro
180 185 150
Ser Cys Pro Asn Gly Ser Cys Trp Gly Ala Gly Glu Glu Asn Cys Gln
195 ; 200 205
Lys Leu Thr Lys Ile Ile Cys Ala Gin Gln Cvs Ser Gly Arg Cys RArg
210 215 220 :
Gly Lys Ser Pro Ser Asp Cys Cys His Asn Gln Cys Ala Ala Gly Cys
225 230 235 240
Thr Gly Pre Arg Glu Ser Asp Cys Leu Val Cys Arg Lys Fhe Arg Asp
245 250 255
Glu Ala Thr Cys Lys RAsp Thr Cys Proc Pro Leu Met Leu Tyr Asn Pro
280 265 270
Thr Thr Tyr Gln Met Asp Val Asn Pro Glu Gly Lys Tyr Ser Phe Gly
275 280 285
Ala Thr Cys Val Lys Lys Cys Pro Arg Asn Tyr Val Val Thr Asp His
220 285 300
Gly Ser Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met Glu Glu
305 : 310 315 320
Asp Gly Val Arg Lys Cys Lys Lys Cys Glu Gly Pro Cys Arqg Lys Val
325 330 335
Cys Asn Gly Tle Gly Ile Gly Glu Phe Lys Asp Ser Leu Ser Ils Asn
340 345 350 -
Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp
355 360 365
Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr
37¢ 375 380
Frec Pro Leu Asp Pro Gln Glu Leu Asp Ile Len Lys Thr Val Lys Glu
385 380 385 400
Ile Thr Gly Phe Leu Leu Ile Gln Ala Trp Pro Glu Asn Arg Thr Asp
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195200205 Lys Len Thr Lys Ile Ile Cys Ala G n Gn Cys
Ser Ay Arg Cys Arg 210215220 Gy Lys Set Pro Set Asp
Cys Cys His Asn G n Cys Ala Ala Ay Cys 225230235240
wORs7/08061Pro Mg G n Set Asp Cys Len Val Cys M§TIGEI0R/¢2812

My Asp - 245250255 G n Ala Thr Cys Lys Asp Thr Cys
Pro Pro Len Met Len Tyy,fsit Pro,260265270 Thr Thr Tyr
G n Metaddsp Val Asn Prosdu~Gy Lys Tyr Set Phe Ay

Leu His 275280284 AkraLEhrcl@ysidvale layg dywsaty shPrigsMinAsn Tyr

: | %81 Thr Asp His 280295300 Gy Set#3®ys Val Arg Al a
s Gly §§§ YA aeu;@ﬁ 2SEL T S reRetrG . & 365%10315320

Gly Len A§@ S@ﬂ’:yLe\éaLySA‘EEgu L]YL% gé’:cs Agﬁ/%lg‘yﬁspc%@l g.é" &ySGE_’r Y WS
450 My Lys Vi 460
Gly Asn Lys Asn Leu Cys Tyx Ala Asn Thr Ile Asn Trp Lys Lys Leu
455 470 475 480
Phe Gly Thr Ser Gly Gln Lys Thr Lys Tle Ile Ser Asn Arg Gly Glu
485 450 495
Asn Ser Cys Lys Ala Thr Gly Gln Val Cys His Ala Lesu Cys Ser Pro
50C 505 510
Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg Asn
515 520 525
Val Ser Arg Gly Arg Glu Cys Val Asp Lys Cys Asn Leu Leu Glu Gly
530 535 540
Glu Pro Arg Glu Phe Val Glu Asn Ser Glu Cys Ile Gin Cys His Pro
545 ~ 550 555 560
Glu Cys Leu Pro Glr Ala Met Asn Ile Thr Cys Thr Gly Arg Gly Fro
565 5703 575
Asp Asn Cys Ile Gln Cys Ala His Tyr Ile Asp Gly Preo His Cys Val
: 580 585 590
Lys Thr Cys Pro Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val Trp
585 600 605
Lys Tyr Rla Asp Ala Gly His Val Cys His Leu Cys His Pro Asn Cys
610 615 620
Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly
625 630 635 640
Pro Lys Ile Pro Ser Ile Ala Thr Gly Met Val Gly Ala Leu Leu Leu
‘ 645 650 655
Leu Leu Val Val Ala Leu Gly Ile Gly Leu Phe Met Arg Arg Arg His
660 665 670
Ile Val Arg Lys Arg Thr Leu Arg Arg Leu Leu Gln Glu Arg Giu Leu
675 680 685
Val Glu Pro Leu Thr Pro Ser Gly Glu Ala Pro Zsn Gln Ala ILeu Leu
690 685 700G
Arg Ile Leu Lys Glu Thr Glu Phe Lys Lys Ile Lys Val Leu Gly Ser
7035 710 715 720
Gly Ala Phe Gly Thr Val Tyr Lys Gly Leu Trp Ile Pro Glu Gly Glu
725 730 : 735
Lys Val Lys Ile Pro Val Ala Ile Lys Glu Leu Arg Glu Ala Thr Ser
: 740 745 750
Pro Lys Ala Asn Lys Glu Ile Leu Asp Glu Ala Tyr Val Met Ala Ser
755 760 765
Val Asp Asn Pro His Val Cys Arg Leu Leu Gly Ile Cys Leu Thr Ser
770 775 780
Thr Val Gin Leu Ile Thr Gln Leu Met Przo Phe Gly Cys Leu Leu Asp
785 730 795 800
Tyr Val Arg Glu His Lys Asp Asn Ile Gly Ser Gln Tyr Leu Leu Asn
805 81C 815
Trp Cys Val Gln Ile Ala Lys Gly Met Asn Tyr Leu Glu Asp Arg Arg
) 820 825 830
Leu Val His Arg Asp Leu.Ala Ala Arg Asn Val Leu Val Lys Thr Pro
835 840 845
Gln His Val Lys Ile Thr Asp Phe Gly Leu Ala Lys Leu Leu Gly Ala
850 855 860
Glu Glu Lys Glu Tyr His Ala Glu Gly Gly Lys Val Pro Ile Lys Trp
865 870 875 880
Met Ala Leu Glu Ser Ile Leu His Arg Ile Tyr Thr His Gln Ser Asp
885 850 895
Val Trp Ser Tyr Gly Val Thr Val Trp Glu Leu Met Thr Phe Gly Ser
900 505 910
Lys Pro Tyr Asp Gly Ile Pro Ala Ser &lu Ile Ser Ser Ile Leu Glu
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325330335 Cys Asn Ay Ile Ay Ile Ay G n Phe Lys Asp
Set Len Set Ile Asn 340345350 Ala Thr Asn Ile Lys His
Phe Lys Asn Cys Thr Set Ile Set Gy Asp 355360365 Len
woH087/0sbe1len Pro Val Ala Phe Arg Ay Asp Set HeITAUSEMIG/042812
H s Thr 370375380 Pro Pro Len Asp Pro Gn G n Leu Asp
Ile Len Lys Thr Val Lys,{d:8 385;:390 395 400 Ile Thr
{dsy Leu Set 405 $240> 9 <211> 40525212> PRT <213>
Lys Gly dlenBrgaptens clhl 208450 IITEXTy<400X18 Asp Val Tyr
330 835 940
Met Tle Met Val Lys Cys Trp Met Ile Asp BAla Asp Ser Arg Pro Lys
%45 : 950 555 560
Phe Arg Glu Leu Ile Ile Glu Phe Ser Lys Met Ala Arg Asp Pro Gln
) 965 570 575
Zrg Tyr Leu Val Tle Gln Gly Asp Glu Arg Met His Leu Fro Ser Pro
980 ' 985 990
Thr Asp Ser Asn Phe Tyr Arg Ala Leu Met Asp Glu Glu Asp Met Asp
995 icoc 1005
Asp Val Val Asp Ala Asp Glu Tyr Leu Ile Pro Gln Gln Gly Phe Phe
101¢ 1015 1020
Ser Ser Prc Ser Thr Ser Arg Thr Pro Leu Leu Ser Ser Leu Ser Ala
1025 1030 1035 - 1040
Thr Ser Asn Asp Ser Thr Val Ala Cys Ile Asp Arg Asn Gly Leu Gln
1045 1050 1055
‘Ser Cys Pro Ile Lys Glu Asp Ser Phe Leu &ln Arg Tyr Ser Ser Asp
1060 1065 1070
Pro Thr Gly Ala Leu Thr Glu Asp Ser Ile Asp Asp Thr Phe Leu Pro
: 1075 1080 1085
Val Pro Glu Tyr Ile Asn Gln Ser Val Pro Lys Arg Pro Ala Gly Ser
1080 ' 1095 1100
val Gln Asn Pro Val Tyr His Asn Gln Pro Leu Asw Pro Ala Pro Ser
1305 . 1110 1115 1120
Arg Asp Pro His Tyr Gln Asp Pro His Ser Thr Rla Val Gly Asn Pro
1125 1130 1135
Glu Tyr Leu Asn Thr Val Gln Pro Thr Cys Val Asn Ser Thr Phe Asp
1140 1145 1150
Ser Pro Ala His Trp Ala Gln Lys Gly Ser His Gln Ile Ser Leu Asp
1155 1160 1165
Asn Pro Asp Tyr Gln Gln Asp Phe Phe Pro Lys Glu Ala Lys Pro Asn
1170 1175 1180
Gly Ile Phe Lys Gly Ser Thr Ala Glu Asn Ala Glu Tyr Leu Arg Val
1185 _ 1190 1195 1200
Ala Pro Gln Ser Ser Glu Phe Ile Gly Ala
1205 1210

<210> 7

<211> 628

<212> PRT

<213> Homo sapiens

<400> 7
Met Arg Pro Ser Gly Thr Ala Gly Ala Ala Leu Leu Ala Leu Leu Ala
1 5 10 15
Ala Leu Cys Pro Ala Ser Arg Ala Leu Glu Glu Lys Lys Val Cys Gln
20 25 30
Gly Thr Ser Bsn Lys Leu Thr Gln Leu Gly Thr Phe Glu Asp His Phe
35 40 45
Leu Ser Leu Gln Arg Met Phe Asn Asn Cys Glu Val Val Leu Gly Asn
50 55 60
Lew Glu Ile Thr Tyr Val Gln Arg Asn Tyr Asp Leu Ser Fhe Leu Lys
65 70 75 . 80
Thr Ile Gln Giu Val Zla Gly Tyr Val Leu Ile Ala Leu Asn Thr Val
85 80 95
Glu Arg Ile Pro Leu Glu Asn ILeu Gln Ile Ile Arg Gly Asn Met Tyr
100 _ 105 110
Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala Asn
115 120 125
Lys Thr Gly Leu Lys Glu Leu Pro Met Arg Asn Leu Gln Glu Ile Leu
130 135 140
Eis Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glu
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145
Ser

Ser
Ser
Lys
Gly
225
Thr
Giu
Thr
Aia
Gly
305
Asp
Cys
Ala
Leu
Pro
385
Ile
Leu
His
Gly
Gly
485
Phe
Asn
Glu
Val
Glu
545
Glu
Asp
Lys

Lys

Thr
625

Met Arg Pro Set Sly Thr Ala Gy Ala Ala Len Lou Ala
Len Leu Ala 151015 Ala Len Cys Pro Ala Ser Arg Al a

Lou Gn Gn Lys Lys Val Cys G n 202530 Ay Thr Set

WORSI/ISy®1Len Thr G n Len Ay Thr

Ile
Met
Cys
Leu
210
Lys
Gly
Ala
Thr
Thr
290
Ser
Gly
Asn
Thr
His
370
Pro
Thr
His
Gly
Leu
450
Asn
Gly
Ser
Gly
Ser
530
Pro

Cys

Asn

Thr.

Tyr
610
Tyx

<210> 8

Gn Arg Asg,Tyr Asp Len

Asn Thasd/al

85' 9095 G r7Ar
rEPrENe 611 Pen ARG &Y G

bl

dreurnfd n1&mel ¢

Ser Pro Sexr Asp

Pro
Thr
Tyr
275
Cys
Cyé
Val
Gly
Asn
355
Ile

Leu

Gly

Ala
Gln
435
Arg
Lys
Thr
Cys
Cys
515
Arg
Arg
Leu
Cys
Cys
595
Ala

Gly

Arg
Cys
260
Gln
Val
val
Arg
Ile
340
Ile
Leu
Asp
Phe
Phe
420
Phe
Ser
Asn
Ser
Lys
500
Trp
Gly
Glu
Pro
Ile
580
Pro

Asp

Ser

Glu
245
Lys
Met
Lys
Arg
Lys
325
Gly
Lys
Pro
Fro
Leu
405
@lua
Ser
Leu
Leu
Gly
485
Ala
Gly
Arg
Phe
Gin
565
Gln
Ala

Ala

230
Ser

Asp
Asp
Lys
Ala
310
Cys
Tle
His
Val
Gln
390
Leu
Lsn
Leu
Lys
Cvs
470
Gin
Thr
Pro
Glu
Val
550
Ala
Cys
Gly

Gly

215
Cys

Asp
Thr
Val
Cys
285
Cys
Lys
Gly
Phe
Ala
375
Glu
Ile
Leu
Ala
Glu
455
Tyr
Lys
Gly
Glu
Cys
535
Glu
Met
Ala
vVal

His
615

ke 186035340 Ser

Cys His Asn Gln
235

Cys Ieu Val Cys

250
Cys Pro Pro Leu
265

Asn Pro Glu Gly

280

Pro Arg BRsn Tyr

Gly Ala Asp Ser
315

Lys Cys Glu Gly

330
Glu Phe Lys Bsp
345

Lys Asn Cys Thr

360

Phe Arg Gly Asp

Leu Asp Ile Leu
385

Gln Ala Trp Pro

410
Glua Ile Ile Arg
425

Val Val Ser Leu

440

Ile Ser Asp Gly

Ala Asn Thr Iie
475

Thr Lys Ile Ile

490
Gln Val Cys His
505

Pro Arg Asp Cys

520

val Asp Lys Cys

Asn Ser Glu Cys
555

Asn Ile Thr Cys

570
His Tyr Ile Asp
585

Met Gly Glu Asn

600

val Cys His Leu

5

220
Cys

Arg
Met
Lys
Val
300
Tyr
Pro
Ser
ser
Ser
280
Lys
Glu
Gly
Asn
Asp
4860
Asn
Ser
Ala
Val
Asn
540
Ile
Thr
Gly

Asn

Cys
620

_ Phe G u Asp RATSISEPNS/042812
354045 Lou Set Lou Gn Arg Met Phe Asn Asn Cys G n

Val Val Leu Ay Asn 59?2%%%%%;2

Gly
Ala
Lys
Leu
Tyr
285G
Val
Glu
Cys
Leu
Ile
365
Phe
Thr
Asn
Arg
Ile
445
Val

Trp
Asn
Leu
Ser
525
Leu
Gln
Gly
Pro
Thr

605
His

Arg
Ala
Phe
Tyr
270
Ser
Thr
Met
Arg
Ser
350
Ser
Thr
Val
Arqg
Thr
430
Thr
Ile
Lys
Arg
Cys
510
Cys
Leu

Cys

Arg

‘His

590
Leu

Pro

Cys
Gly
Arg
255
Asn
Phe
Asp
Glu
Lys
335
Ile
Gly
His
Lys
Thr
415
Lys
Ser
Ile
Lys
Gly
495
Ser
Arg
Glu
His
Gly
575
Cys
Val

Asn

Hu lle Thr Tyr Val

e Lou Lys 653148 75 80
ciArrdd e-Gaap Gie Val sak @eS aspTylie Yab deenadd @l a Lou
Ile Pro Leni@ n Asn Len
PeREtYSTH PO LB1AT 7§ G u Asn

8
lsLem St Ash zbyr R4l a Asn
h%%‘;y P %?’? byl e R Arg Asn

Arg
Cys
240
Asp
Pro
Gly
His
Glu
320
Val
Asn
Asp
Thr
Glu
400
Asp
Gln
Leu
Ser
Leu
480
Glu
Pro
Asn
Gly
Pro
560
Pro
val
Trp

Cys



Hs Ay Ala Val Arg Phe Ser Asn Asn Pro Ala Len Cys
Asn Val G n 145150155160 Ser Ile Gn Trp Arg Asp |lle
Val Ser Set Asp Phe Lou Set Asn Met 165170175 Ser Met
wORppT/B&1G n Asn His Len Sly Set Cys G n Lys FOREUSA8(%/042812
Pro 180185190 Set Cys Pro Asn Gy Set C¢y S Trp Ay
Ala dy Gn Gn Asn Cys,@n 195200205 Lys Len Thr Lys
<211> 40kl e I1le Cys Ala G n Gn Cys~Set Ay Arg Cys Arg
<212> pR210215220 Ay Lys Set Pro Ser Asp Cys Cys His Asia
<213> HogprpagysnsAl a Ala Ay Cys 225230235240 Thr Sly Pro Arg
<100> g @ N Set Asp Cys Len Val Cys Arg Lys Phe Arg Asp

Met Arg %5%@92&% @f‘Aﬂ%i}h}{laqﬁa l.b¥§ l{%ﬁpAl-l;hLew_gl_éu Fz)ﬂflg Pro Len
1 Met Len sTyr Ash Pro 26026527
Rla Leu Cys Pro Ala Ser Arg Ala Leu Glu Glu Lys Lys Val Cys Gln
20 25 30
Gly Thr Ser Asn Lys Leu Thr Gln Leu Gly Thr Phe Glu Asp His Phe
35 40 45 |
Leu Ser Leu Gln Arg Met Phe Asn Asn Cys Glu Val Val Leu Gly Asn
50 55 60
Leu Glu Ile Thr Tyr Val Gln Arg Asn Tyr Asp Leu Ser Phe Leu Lys
65 70 75 : 80
Thr Ile 8ln Glu Val Ala Gly Tyr Val Leu Ile Bla Leu Asn Thr Val
85 90 95
Glu Arg Tle Pro Leu Glu Asn Leu Gln Ile Ile Arg Gly Asn Met Tyr
- 100 105 1io
Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala Asn
115 120 125
Lys Thr Gly Leu Lys Glu Lieu Pro Met Arg Asn Leu Gln Glu Ile Leu
130 135 140
His Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glu
145 ) 150 _ 155 - 160
Ser Tie 6ln Trp Arg Asp Ile Val Ser Ser Asp Phe Leu Ser Asn Met
165 170 175 -
Ser Met Asp Phe Gln Asn His Leu Gly Ser Cys Gln Lys Cys Asp Pro
i80 i85 1580
Ser Cys Pro Asn Gly Ser Cys Trp Gly Ala Gly Glu Glu Asn Cys Gln
195 200 205 :
Lys Leu Thr Lys Ile Tle Cys Ala Gln Gln Cys Ser Gly Arg Cys Arg
- 210 215 220
-Gly Lys Ser Pro Ser Asp Cys Cys His Asn Gln Cys Alz Ala Gly Cys
225 230 _ 235 ' 240
Thr Gly Pro Arg Glu Ser Asp Cys Leu Val Cys Arg Lys Phe Arg Asp
T 245 250 255
Glu Ala Thr Cys Lys Asp Thr Cys Pro Pro Leu Met Leu Tyr Asn Pro
260 265 270
Thr Thr Tyr Gln Met Asp Val Asn Pro Glu Gily Lys Tyr Ser Phe Gly
275 280 285
Ala Thr Cys Val Lys Lys Cys Pro Arg Asn Tyr Val vVal Thr Asp His
290 295 300
Gly Ser Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met Glu Glu
305 310 315 32¢
Asp Gly Val Arg Lys Cys Lys Lys Cys Glu Gly Pro Cys Arg Lys Val
325 330 335
Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys BAsp Ser Leu Ser Ile Asn
340 345 350
Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp
: 355 360 365
Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr
370 375 ’ 380
Pro Pro Leu Asp Pro Gln Glu Leu Asp Ile Leu Lys Thr Val Lys Glu
385 380 395 . 400
Ile Thr Gly Leu Ser
405

<210> 38

<211> 405

<21i2> PRT

<213> Homo sapiens
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Thr Thr Tyr G n Met Asp Val Asn Pro Gn G@y. Lys Tyr
Set Phe Ay 275280285 Ala Thr Cys Val Lys Lys Cys Pro
Arg Asia Tyr Val Val Thr Asp His 290295300 dvy Her
wops7/088061Arg Ala Cys Sly Ala Asp Her Tyr G n BHEYUSZN6/042812
G n 305310315320 Asp SIy val Arg Lys Cys Lys Lys Cys
Gn dy Pro Cys Arg Lyszofak 83235330335 Cys Asn Ay Ile
<400> 9 Ay Ile Ay G n Phe Lys Asp Set Len Set Ile Asn .
Met Arg 812';0345393@ Rlra2RhGlasda| e bys Llelllsﬁllah@w su Adn Cys Thr °

1
et 1| Se Gkﬁs’% 355 0365.Le nProVaI
Ala Leu % P%%larg(er Xg Q é?ul_ Elr \f@] 5380 Pro
Gly Thr EéﬂAherLyASIKbupli‘l@r @m l&usllyemhﬁs:ﬁeldle A@lHLyathhr Val
B¥s G n 385 390 395 400 Ile Thr Gy Len Set 405
Leu Ser Leu Gln Arg Met Phe Asn Asn Cys Glu Val Val Leu Gly Asn
50 55 &0
Leu Glu Ile Thr Tyr Val Giln Arg Asn Tyr Asp Leu Ser Phe Deu Lys |
65 70 : 75 80
Thr Ile Gln Glu Val Ala Gly Tyr Val Leu Ilé Ala Leu Asn Thr Val
85 80 95
Glu Arg Ile Pro Leu Glu Asn Leu Gln Ile Ile Arg Gly Asn Met Tyr
100 105 110
Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala Asn
115 120 125
Lys Thr Gly Leu Lys Glu Leu Prc Met Arg Asn Leu Gln Glu Ile Leu
: 130 135 140
His Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glu
145 150 155 160
Ser Ile Gln Trp Arg Asp Ile Val Ser Ser Asp Phe Leau Ser Asn Met
165 170 175
Ser Met Asp Phe Gln Asn His Leu Gly Ser Cys Gln Lys Cys Asp Pro
' 180 i85 190
Ser Cys Pro Asn Gly Ser Cys Trp Gly Ald Gly Glu Glu Asn Cys Gln
195 200 205
Lys Leu Thr Lys Ile Ile Cys Ala Gln Gln Cys Ser Gly Arg Cys Arg
210 215 220
Gly Lys Ser Prc Ser Asp Cys Cys His Asn Gln Cys BAla Ala Gly Cys
225 230 235 240
Thr Gly Pro Arg Glu Ser Asp Cys Leu Val Cys Arg Lys Phe Arg Asp
245 250 255
Glu Ala Thr Cys Lys Asp Thr Cys Pro Pro Leu Met Leu Tyr Asn Pro
260 265 270
Thr Thr Tyr Gln Met Asp Val Asn Pro Glu Gly Lys Tyr Ser Phe Gly
275 280 285
Ala Thr Cys Val Lys Lys Cys Pro Arg Asn Tyr Val Val Thr Asp His
290 285 300
Gly Ber Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met Glu Glu
305 310 315 320
Asp Gly Val Arg Lys Cys Lys Lys Cys Glu Gly Pro Cys Arg Lys Val
325 330 335
Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys Asp Ser Leu Ser Ile Asn
340 345 350
Ala Thr Asn Ile Lys His Phe TLys Asn Cys Thr Ser Ile Ser Gly Asp
355 360 365
Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr
370 375 . 380
Pro Pro Leu Asp Pro Gln Glu Leu Asp Ile Leuw Lys Thr Val Lys Glu
385 390 ' 395 400
Ile Thr Gly Leu Ser
405

ot

771



