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(57) ABSTRACT 
Mesothelin can be used as an immunotherapeutic target. It 
induces a cytolytic T cell response. Portions of mesothelin 
Which induce such responses are identi?ed. Vaccines can be 
either polynucleotide- or polypeptide-based. Carriers for 
raising a cytolytic T cell response include bacteria and 
viruses. A mouse model for testing vaccines and other 
anti-tumor therapeutics and prophylactics comprises a 
strongly mesothelin-eXpressing, transformed peritoneal cell 
line. 
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Figure 2 
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Figure 3 
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Figure 4 

000000000 87654321 28 P m8 :28m @212 6 a 

Pre Vaccination Post Vaccination IV (post-vac l non 
responder) 

S n .B m P 2 A. H B. 

000000000 87654321 
Pre Vaccine Post Vaccine II (post-vac l for 

non-responder) 

o 8 
C. HLA-A24 Patients 

Pre Vaccine Post Vaccine lV (post-vac ll 

ooowoooo 765 
“=8 F m2: 226 02".: B a 321 

non-responder) 

0000 
o 0 awlesmnomalo 260; m8. 28w mzmz B a 

Post Vaccination Pre Vaccination 



Patent Application Publication Aug. 11, 2005 Sheet 5 0f 14 US 2005/0175625 A1 

Figure 5 
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Figure 6 
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FIGURE 8A 
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Figure 10 
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FIGURE 1 l 
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MESOTHELIN VACCINES AND MODEL SYSTEMS 

[0001] The contents of each of the following applications 
are speci?cally incorporated herein: provisional U.S. Appli 
cations Ser. No. 60/395,556, ?led Jul. 12, 2002, 60/398,217, 
?led Jul. 24, 2002, Ser. No. 60/414,931, ?led Sep. 30, 2002, 
and Ser. No. 60/475,783 ?led Jun. 5, 2003. 

[0002] This invention Was made using funds from the US. 
government. The terms of grants NCI CA62924, NCI RO1 
CA72631, NCI RO1 CA71806, U19 CA72108-02, and 
NCDDG RFA CA-95-020 mandate that the US. government 
retain certain rights in the invention. 

[0003] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

FIELD OF THE INVENTION 

[0004] The invention relates to the ?eld of cancer thera 
peutics, cancer prognosis, and anti-cancer drug develop 
ment. In some aspects it relates to mesothelin as a thera 
peutic target. In another aspect it relates to developing other 
therapeutic targets. 

BACKGROUND OF THE INVENTION 

[0005] Transformation from a normal to a malignant cell 
involves complex genetic and epigenetic changes, affecting 
a large number of genes (1, 2). Many of these altered genes 
are translated into neW, altered, or overexpressed proteins 
that may represent candidate targets for immune rejection. T 
cell screening of cDNA libraries isolated from tumor cells, 
biochemical elution and puri?cation of major histocompat 
ibility complex (MHC) bound antigens, and antibody 
screening of phage display libraries (SEREX method) have 
greatly facilitated the identi?cation of tumor antigens, par 
ticularly those expressed by malignant melanomas (3-13). 
As a result, there are a number of antigen-speci?c vaccine 
approaches under clinical development for this disease (3-6, 
14). Unfortunately, these antigen identi?cation approaches 
have not been successful for identifying antigens expressed 
by many other common cancers. The major limitation has 
been the inability to generate patient-derived T cell lines and 
clones that can be employed to identify immune relevant 
tumor targets. Furthermore, T cell responses to speci?c 
human tumor antigens have not yet been correlated With 
clinical responses after immunotherapy. 

[0006] The recent development of high throughput tech 
nologies that can quantify gene expression in human tissues 
has led to the identi?cation of a large number of genes that 
are differentially expressed in tumors relative to the normal 
tissue from Which they derive (15-18). These gene expres 
sion databases can be used as initial ?lters upon Which to 
apply a functional immune-based screening strategy (19). A 
groWing number of genes shoWn to be differentially 
expressed in pancreatic adenocarcinomas using serial analy 
sis of gene expression (SAGE) have been tabulated and 
reported (20-22). HoWever, it is unclear Which of these 
differentially expressed genes are immunologically relevant 
for an anti-tumor response. There is a need in the art for a 
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Way of identifying immunologically relevant proteins 
among the proteins Which are differentially expressed in 
tumor and normal tissues. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In a ?rst embodiment a method is provided for 
inducing a T-cell response to a tumor that overexpresses 
mesothelin relative to normal tissue from Which the tumor is 
derived. The tumor can be, for example, an ovarian cancer, 
a pancreatic cancer, a mesothelioma, or a squamous cell 
carcinoma. Avaccine comprising a polypeptide comprising 
an MHC Class I- or Class II-binding epitope of mesothelin 
is administered to a patient Who has said tumor or Who has 
had said tumor removed. The patient can also be one Who is 
at risk of developing such a tumor. The epitope binds to an 
allelic form of MHC class I or MHC class II Which is 
expressed by the patient. AT-cell response to mesothelin is 
thereby induced. The vaccine does not comprise Whole 
tumor cells. The polypeptide is optionally mesothelin. The 
T-cell response may be a CD4+T-cell response and/or a 
CD8+T-cell response. 

[0008] In a second embodiment a method is provided for 
inducing a T-cell response to a tumor that overexpresses 
mesothelin relative to normal tissue from Which the tumor is 
derived. The tumor can be, for example, an ovarian cancer, 
a pancreatic cancer, a mesothelioma, or a squamous cell 
carcinoma. Avaccine comprising a polynucleotide encoding 
a polypeptide comprising an MHC Class I- or MHC Class 
II-binding epitope of mesothelin is administered to a patient 
Who has said tumor or Who has had said tumor removed. The 
patient can also be one Who is at risk of developing such a 
tumor. The epitope binds to an allelic form of MHC class I 
or class II Which is expressed by the patient. A T-cell 
response to mesothelin is thereby induced. The vaccine does 
not comprise Whole tumor cells. The polypeptide encoded 
by the polynucleotide of the vaccine is optionally mesothe 
lin. The T-cell response may be a CD4+T-cell response 
and/or a CD8+T-cell response. 

[0009] In a third embodiment a method is provided for 
identifying immunogens useful as candidates for anti-tumor 
vaccines. Aprotein is selected Which is expressed by a tumor 
and Which is minimally or not expressed by normal tissue 
from Which the tumor is derived. Preferably the protein is 
expressed by a greater than 10% of tumor isolates tested of 
a type of tumor. Lymphocytes of humans Who have been 
vaccinated With a vaccine Which expresses the protein are 
tested to determine if the lymphocytes comprise CD8+T 
cells or CD4+T cells Which are speci?c for the protein. The 
presence of the CD8+T cells or CD4+T cells indicates that 
the protein is a candidate for use as an anti-tumor vaccine. 

[0010] A fourth embodiment of the invention provides a 
method of predicting future response to a tumor vaccine in 
a patient Who has received the tumor vaccine. Lymphocytes 
of the patient are tested to determine if the lymphocytes 
comprise CD8+T cells or CD4+T cells Which are speci?c for 
an antigen in the vaccine. The presence of said CD8+T cells 
or CD4+T cells predicts a longer survival time than the 
absence of said CD8+T cells or CD4+T cells. 

[0011] A ?fth embodiment of the invention provides a 
vaccine Which induces a CD8+T cell or CD4+T cell 
response. The vaccine comprises a polypeptide comprising 
an MHC Class I- or MHC Class II-binding epitope of 



US 2005/0175625 A1 

mesothelin. The epitope binds to an allelic form of MHC 
class I or class II Which is expressed by the patient. AT-cell 
response to mesothelin is thereby induced. The vaccine does 
not comprise Whole tumor cells. The vaccine further com 
prises a carrier for stimulating a T cell immune response. 
The polypeptide is optionally mesothelin. 

[0012] Another embodiment of the invention provides 
another vaccine Which induces a CD8+T cell or CD4+T cell 
response. The vaccine comprises a polynucleotide encoding 
a polypeptide comprising an MHC Class I- or MHC Class 
II-binding epitope of mesothelin. The epitope binds to an 
allelic form of MHC class I or class II Which is expressed by 
the patient. A CD8+T cell or CD4+T cell response to 
mesothelin is thereby induced. The vaccine does not com 
prise Whole tumor cells. The vaccine further comprises a 
carrier for stimulating a T cell immune response. The 
polypeptide encoded by the polynucleotide of the vaccine is 
optionally mesothelin. 

[0013] Another embodiment of the invention provides an 
isolated polypeptide of 9 to 25 amino acid residues. The 
polypeptide comprises an epitope selected from the group 
consisting of SLLFLLFSL (SEQ ID NO: 1); VLPLTVAEV 
(SEQ ID NO: 2); ELAVALAQK (SEQ ID NO: 3); 
ALQGGGPPY (SEQ ID NO: 4); FYPGYLCSL (SEQ ID 
NO: 5); and LYPKARLAF (SEQ ID NO: 6). 

[0014] Yet another embodiment of the invention provides 
an antibody that binds to an epitope selected from the group 
consisting of SLLFLLFSL (SEQ ID NO: 1); VLPLTVAEV 
(SEQ ID NO: 2); ELAVALAQK (SEQ ID NO: 3); 
ALQGGGPPY (SEQ ID NO: 4); FYPGYLCSL (SEQ ID 
NO: 5); and LYPKARLAF (SEQ ID NO: 6). 

[0015] Yet another embodiment of the invention provides 
a CD8+T cell or CD4+T cell line that binds to MHC class 
I-peptide complexes, Wherein the peptide comprises an 
epitope selected from the group consisting of SLLFLLFSL 
(SEQ ID NO: 1); VLPLTVAEV (SEQ ID NO: 2); ELAVA 
LAQK (SEQ ID NO: 3); ALQGGGPPY (SEQ ID NO: 4); 
FYPGYLCSL (SEQ ID NO: 5); and LYPKARLAF (SEQ ID 
NO: 6). 

[0016] A tenth embodiment of the invention provides a 
method for predicting future response to a tumor vaccine in 
a patient Who has received the vaccine. The tumor vaccine 
comprises at least one T-cell epitope of mesothelin. The 
patient is tested to determine if the patient has a delayed type 
hypersensitivity (DTH) response to mesothelin, Wherein the 
presence of said response predicts a longer survival time 
than the absence of said response. 

[0017] An eleventh embodiment of the invention provides 
a recombinant mouse cell line Which comprises peritoneal 
cells Which have been transformed by HPV-16 genes E6 and 
E7 and an activated oncogene. The cell line is capable of 
forming ascites and tumors upon intraperitoneal injection 
into an immunocompetent mouse. 

[0018] Also provided is a mouse model Which comprises 
a mouse Which has been injected With a recombinant mouse 
cell line. The recombinant mouse cell line comprises peri 
toneal cells transfected by HPV-16 genes E6 and E7 and an 
activated oncogene. The former genes immortaliZe and the 
latter gene transforms. The cell line is capable of forming 
ascites and tumors upon intraperitoneal injection into an 
immunocompetent mouse. 
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[0019] Another aspect of the invention is a method of 
testing a substance to determine if it is a potential drug for 
treating a cancer. The cancer may be, for example, an 
ovarian cancer, a pancreatic cancer, a mesothelioma, or a 
squamous cell carcinoma. A test substance is contacted With 
a mouse model. The mouse model comprises a mouse that 
has been injected With a recombinant mouse cell line. The 
injection can be accomplished before or after the test sub 
stance is contacted With the mouse. The recombinant mouse 
cell line comprises peritoneal cells Which have been trans 
fected by HPV-16 genes E6 and E7 and an activated 
oncogene. The cell line is capable of forming ascites and 
tumors upon intraperitoneal injection into an immunocom 
petent mouse. One determines Whether the test substance 
causes delay of tumor formation or regression of a tumor in 
the mouse model, diminution of ascites volume in the mouse 
model, or longer survival time in the mouse model. Any of 
these effects indicates that the test substance is a potential 
drug for treating cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIGS. 1A to 1F shoW a T2 binding assay that 
identi?es mesothelin and PSCA protein derived epitopes 
that bind to HLA-A2, A3, and A24 molecules. T2 cells Were 
pulsed With 100-400 micrograms of peptide overnight at 
room temperature before analysis by How cytometry. FIG. 
1A. T2 cells expressing HLA-A2 and pulsed With either: no 
peptide (black line), a Mesothelin A1309-318 binding pep 
tide (green line), Mesothelin A220-29 (pink line), and 
Mesothelin A2530-539 (blue line). Peptide pulsed cells Were 
stained With an unlabeled mouse anti-HLA class I molecule 
monoclonal antibody W6/32 and a goat-anti-mouse FITC 
labeled IgG2a secondary antibody. FIG. 1B. T2 cells geneti 
cally modi?ed to express A3 and pulsed With either: no 
peptide (black line), Mesothelin A1309-318 binding peptide 
(green line), Mesothelin A383-92 (pink line), and Mesothe 
lin A3225-234 (blue line). Peptide pulsed cells Were stained 
With an unlabeled mouse anti-human HLA-A3 speci?c 
monoclonal antibody GAPA3 and a FITC-labeled IgG2a 
secondary antibody. FIG. 1C. T2 cells genetically modi?ed 
to express A24 and pulsed With either: no peptide (black 
line), Mesothelin A1309-318 peptide (green line), Mesothe 
lin A24435-444 (pink line), and Mesothelin A24475-484 
(blue line). Peptide pulsed cells Were stained With an unla 
beled pan-HLA antibody W6/32 and a FITC-labeled IgG2a 
secondary antibody. FIG. 1D. T2 cells expressing HLA-A2 
and pulsed With either: Mesothelin A1309-318 binding 
peptide (green line), PSCAA25-13 (pink line), PSCA A214 
22 (blue line), PSCA A2108-116 (orange line) and PSCA 
A243-51 (red line). Peptide pulsed cells Were stained With an 
unlabeled mouse anti-HLA class I molecule monoclonal 
antibody W6/32 and a goat-anti-mouse FITC-labeled IgG2a 
secondary antibody. FIG. 1E. T2 cells genetically modi?ed 
to expressA3 and pulsed With either: Mesothelin A1309-318 
binding peptide (green line), PSCA A399-107 (pink line), 
A35-13 (blue line), A314-22 (orange line), A3109-117 
(purple line), A343-51 (red line), and PSCA A320-28 (yel 
loW line). Peptide pulsed cells Were stained With an unla 
beled mouse anti-human HLA-A3 speci?c monoclonal anti 
body GAPA3 and a FITC-labeled IgG2a secondary 
antibody. FIG. 1F. T2 cells genetically modi?ed to express 
A24 and pulsed With either: Mesothelin A1309-318 peptide 
(green line), PSCA A2476-84 (pink line), PSCA A24108 
116 (blue line), PSCA A2499-107 (orange line), PSCA 
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A24109-117 (purple line), and PSCA A2477-85 (red line). 
Peptide pulsed cells Were stained With an unlabeled pan 
HLA antibody W6/32 and a FITC-labeled IgG2a secondary 
antibody. 
[0021] FIGS. 2A to 2D shoWs an ELISPOT analysis of 
CD8+ T cells from PBMCs Which demonstrates post-vac 
cination induction of mesothelin-speci?c T cells in three 
DTH responders but not in 11 non-DTH responders Who 
received an allogeneic GM-CSF-secreting tumor vaccine for 
pancreatic cancer. FIG. 2A. ELISPOT analysis of PBL from 
tWo patients Who Were HLA-A3 positive; FIG. 2B. 
ELISPOT analysis of PBL from tWo patients Who Were 
HLA-A 2 and HLA-A3 positive; FIG. 2C. ELISPOT analy 
sis of PBL from tWo patients Who Were HLA-A24 positive. 
FIG. 2D. ELISPOT analysis Was performed on PBL from all 
14 patients Who Were treated on the phase I allogeneic 
GM-CSF secreting pancreatic tumor vaccine study (28). 
ELISPOT analysis for IFN-y-eXpressing cells Was per 
formed using PBMC that Were isolated on the day prior to 
vaccination or 28 days following the ?rst vaccination. Lym 
phocytes Were isolated by ?coll-hypaque separation and 
stored froZen in liquid nitrogen until the day of assay. CD8+ 
T cell enrichment Was performed prior to analysis. T2-A3 
cells Were pulsed With the tWo mesothelin derived epitopes 
MesoA3(83-92) (open squares), MesoA3(225-234) (closed 
circle) and HIV-NEFA3 (94-103) (open triangle). T2-A2 
cells Were pulsed With the tWo mesothelin derived epitopes 
MesoA2(20-29) (closed squares), MesoA2(530-539) (open 
circle), and HIV-GAG(77-85), (closed triangle). T2-A24 
cells Were pulsed With the tWo mesothelin derived epitopes 
MesoA24 (435-444) (open diamond), MesoA24(475-484) 
(closed diamond), and tyrosinase A24(206-214) (star). All 
DTH responders are represented by red lines, and DTH 
non-responders are represented by black lines. For the 
detection of nonspeci?c background, the number of IFN-y 
spots for CD8+ T cells speci?c for the irrelevant control 
peptides Were counted. The HLA-A2 binding HIV-GAG 
protein derived epitope (SLYNTVAT L; SEQ ID NO:7), the 
HLA-A3 binding HIV-NEE protein derived epitope (QVPL 
RPMTYK; SEQ ID NO: 8), and the HLA-A24 binding 
tyrosinase protein derived epitope (AFLPWHRLF; SEQ ID 
NO: 9) Were used as negative control peptides in these 
assays. Data represents the average of each condition 
assayed in triplicate and standard deviations Were less than 
5%. Plotted are the # of human interferon gamma (hIFNg) 
spots per 105 CD8+ T cells. Analysis of each patient’s PBL 
Was performed at least tWice. 

[0022] FIG. 3 shoWs an ELISPOT analysis performed to 
assess the recognition of the in?uenZa matriX protein HLA 
A2 binding epitope M1 (GILGFVFTL; SEQ ID NO: 10) on 
PBL from all 5 patients on the study Who Were HLA-A2 
positive (4 non-DTH responders and 1 DTH responder). 
This analysis Was performed on the same PBL samples 
described for FIGS. 2A to 2D above. The DTH responders 
are represented by red lines, and the DTH non-responders 
are represented by black lines. For the detection of nonspe 
ci?c background, the number of IFN-y spots for CD8+ T 
cells speci?c for the irrelevant control peptides Were 
counted. The HLA-A2 binding HIV-GAG protein derived 
epitope (SLYNTVATL; SEQ ID NO: 7), the HLA-A3 bind 
ing HIV-NEE protein derived epitope (QVPLRPMTYK; 
SEQ ID NO: 8), and the HLA-A24 binding melanoma 
tyrosinase protein derived epitope (AFLPWHRLF; SEQ ID 
NO: 9) Were used as negative control peptides in these 
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assays. Data represents the average of each condition 
assayed in triplicate and standard deviations Were less than 
5%. Plotted are the # of human interferon gamma (hIFNg) 
spots per 105 CD8+ T cells. Analysis of each patient’s PBL 
Was performed at least tWice and all ELISPOT assays Were 
performed in a blinded fashion. 

[0023] FIG. 4A to 4D shoWs an ELISPOT analysis of 
CD8+ T cells from PBMCs. No post-vaccination induction 
Was observed of PSCA-speci?c T cells in DTH responders 
or non-DTH responders Who received an allogeneic GM 
CSF-secreting tumor vaccine for pancreatic cancer. FIG. 
4A. ELISPOT analysis of PBL from tWo patients Who Were 
HLA-A3 positive; FIG. 4B. ELISPOT analysis of PBL from 
tWo patients Who Were HLA-A 2 and HLA-A3 positive; 
FIG. 4C. ELISPOT analysis of PBL from tWo-patients Who 
Were HLA-A24 positive. FIG. 4D. ELISPOT analysis of 
PBL from eight patients Who Were non-responders. 
ELISPOT analysis for IFN-y-expressing cells Was per 
formed using PBMC that Were isolated on the day prior to 
vaccination or 28 days folloWing each of the vaccination. 
Lymphocytes Were isolated by ?coll-hypaque separation and 
stored froZen in liquid nitrogen until the day of assay. CD8+ 
T cell enrichment Was performed prior to analysis. T2-A3 
cells Were pulsed With the siX PSCA derived epitopes: 

PSCAA3(7-15) (closed squares), PSCAA3(52-60) (closed 
diamond), PSCAA3(109-117) (closed triangle), 
PSCAA3(43-51) (open square), PSCAA3(20-28) (open dia 
mond), and PSCAA3(99-107) (open triangle). Negative 
HIV-NEFA3 (94-103) values Were subtracted out. T2-A2 
cells Were pulsed With the three PSCA derived epitopes: 
PSCAA2(5-13) (closed squares), PSCAA2(14-22) (closed 
diamonds), PSCAA2(108-116) (closed triangles). Negative 
HIV-GAG(77-85) values Were subtracted out. T2-A24 cells 
Were pulsed With the ?ve PSCA derived epitopes: 
PSCAA24(76-84) (closed diamond), PSCAA24(77-85) 
(star), PSCAA24(109-117) (closed triangles), 
PSCAA24(108-116) (closed circle), and PSCAA24(99-107) 
(open triangle). Negative Tyrosinase A24(206-214) values 
Were subtracted. All DTH responders are represented by red 
lines, and DTH non-responders are represented by black 
lines. For the detection of nonspeci?c background, the 
number of IFN-y spots for CD8+ T cells speci?c for the 
irrelevant control peptides Were counted. The HLA-A2 
binding HIV-GAG protein derived epitope (SLYNTVATL; 
SEQ ID NO: 7), the HLA-A3 binding HIV-NEE protein 
derived epitope (QVPLRPMTYK; SEQ ID NO: 8), and the 
HLA-A24 binding tyrosinase protein derived epitope 
(AFLPWHRLF; SEQ ID NO: 9) Were used as negative 
control peptides in these assays. Data represents the average 
of each condition assayed in triplicate and standard devia 
tions Were less than 5%. The number of human interferon 
gamma (hIFNg) spots per 105 CD8+ T cells is plotted. 
Analysis of each patient’s PBL Was performed at least tWice. 

[0024] FIG. 5 shoWs expression of surface Mesothelin 
and PSCA on Panc 6.03 and Panc 10.05 vaccine lines. The 
pancreatic tumor vaccine lines Panc 6.03 (top tWo panels) 
and Panc 10.05 (bottom tWo panels) Were analyZed by How 
cytometry for their levels of surface mesothelin and PSCA 
using the mesothelin speci?c monoclonal antibody CAKl 
(left panels) and the PSCA speci?c monoclonal antibody 
1G8 (right panels) as the primary antibody and goat anti 
mouse IgG FITC as the secondary antibody. The solid line 
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represents the isotype control, the green shaded area repre 
sents mesothelin staining, and the pink shaded area PSCA 
staining. 

[0025] FIGS. 6A to 6C shoW that mesothelin-speci?c 
CD8+ T cells are detected following multiple vaccinations 
With an allogeneic GM-CSF secreting tumor vaccine in 
DTH-responders but not in non-DTH responders. FIG. 6A. 
ELISPOT analysis of PBL from tWo patients Who Were 
HLA-A3 positive; FIG. 6B. ELISPOT analysis of PBL from 
tWo patients Who Were HLA-A 2 and HLA-A3 positive; 
FIG. 6C. ELISPOT analysis of PBL from tWo patients Who 
Were HLA-A24 positive. ELISPOT analysis for IFN-y 
expressing cells Was performed using PBMC that Were 
isolated on the day prior to vaccination or 28 days folloWing 
each vaccination as described in FIG. 2A to 2D. Each 
peptide has the same symbol code as described for FIG. 2A 
to 2D. The DTH responders are represented by the red lines 
and the DTH non-responders are represented by the black 
lines. For the detection of nonspeci?c background, the 
number of IFN-y spots for CD8+ T cells speci?c for the 
irrelevant control peptides Were counted. The HLA-A2 
binding HIV-GAG protein derived epitope (SLYNTVATL; 
SEQ ID NO: 7), the HLA-A3 binding HIV-NEE protein 
derived epitope (QVPLRPMTYK; SEQ ID NO: 8), and the 
HLA-A24 binding melanoma tyrosinase protein derived 
epitope (AFLPWHRLF; SEQ ID NO: 9) Were used as 
negative control peptides in these assays. Data represent the 
average of each condition assayed in triplicate and standard 
deviations Were less than 5%. Plotted are the number of 
human interferon gamma (hIFNg) spots per 105 CD8+ T 
cells. Analysis of each patient’s PBL Was performed at least 
tWice. 

[0026] FIGS. 7A to 7C shoW the generation and charac 
teriZation of an ascitogenic ovarian tumor cell line (WE-3) 
in mice. WF-3 tumor cells Were injected into C57BL/6 mice 
intraperitoneally at a dose of 1><105 cells/mouse. Mice Were 
euthaniZed 4 Weeks after tumor challenge (7A) Represen 
tative gross picture to demonstrate ascites formation in mice. 
Note: Mice developed signi?cant ascites With an increase in 
abdominal girth 4 Weeks after tumor challenge. (7B) Hema 
toxylin and eosin staining of the explanted tumors vieWed at 
90x magni?cation. The tumors displayed a papillary con 
?guration, morphologically consistent With tumors derived 
from the peritoneum or ovaries. Tumors vieWed at 400x 
magni?cation. The inset displays the features of a WF-3 
tumor cell in greater detail. 

[0027] FIGS. 8A and 8B shoW MHC class I (FIG. 8A) 
and MHC class II (FIG. 8B) presentation on the mouse 
WF-3 tumor cells. WF-3 tumor cells Were harvested, 
trypsiniZed, Washed, and resuspended in FACSCAN buffer. 
Anti-H2 Kb/H-2D monoclonal antibody or anti-I-Ab mono 
clonal antibody Was added, folloWed by How cytometry 
analysis to detect MHC class I and class II expression on 
WF-3 tumor cells. (8A) WF-3 tumor cells Were positive for 
MHC class I presentation (thick line) compared to the MHC 
class I-negative control (thin line). (8B) WF-3 tumor cells 
Were negative for MHC class II presentation. The thin line 
indicates staining of the MHC class II-negative control. 

[0028] FIGS. 9A to 9B shoW the effect of WF-3 tumor 
dose on ascites formation in tWo independent trials shoWn in 
FIG. 9A and FIG. 3B. WF-3 tumor cells Were injected into 
C57BL/6 mice intraperitoneally at various doses (1x104, 
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5x104, 1x105, and 1><106 cells/mouse). Mice Were moni 
tored tWice a Week for ascites formation and tumor groWth. 
Note: All of the mice injected With 5x104, 1x105, and 1><106 
cells intraperitoneally, developed ascites and tumor groWth 
Within 30 days. 20% of mice injected With 1><104 cells Were 
tumor-free Without ascites formation after 90 days of tumor 
injection. The data are from one representative experiment 
of tWo performed. 

[0029] FIG. 10 shoWs expression of murine mesothelin in 
WF-3 tumor cells demonstrated by RT-PCR With gel elec 
trophoresis. FIG. 10. RT-PCR. RT-PCR Was performed 
using the Superscript One-Step.RT-PCR Kit (Gibco, BRL) 
and a set of primers: 5‘-CCCGAATTCATGOCCTTGC 
CAACAGCTCGA-3‘ (SEQ ID NO: 11) and 5‘-TATGAATC 
CGCTCAGCCTTAAAGCTGGGAG-3‘ (SEQ ID NO: 12). 
Lane 1, siZe marker. Lane 2, RNA from W-3 cells and Lane 
3, RNA from mesothelin-negative B 16 tumor cells. Speci?c 
ampli?cation (indicated by an arroW) Was observed in Lane 
2 (WE-3 cells) but not in the Lane 3 (B16 cells). 

[0030] FIG. 11 shoWs in vivo tumor protection experi 
ments against WF-3 tumor groWth using mesothelin-speci?c 
DNA vaccines. Mice received a booster With the same dose 
one vyeek later, folloWed by intraperitoneal challenge With 
5x10 WF-3 cells/mouse one Week afterWard. Ascites, for 
mation in mice Was monitored by palpation and inspection. 
Mice Were, sacri?ced at day 90. Note: Vaccination With 
pcDNA3-mesothelin DNA resulted in a signi?cantly higher 
percentage of tumor-free mice than vaccination With other 
DNA. (P<0.00 1). Results shoWn here are from one repre 
sentative experiment of tWo performed. 

[0031] FIG. 12 shoWs CTL assays Which demonstrate 
speci?c lysis induced by vaccination With mesothelin-spe 
ci?c DNA vaccines. Mice (5 per group) Were imuniZed With 
various DNA vaccines intradermally. Mice received a 
booster With the same dose one Week later. Splenocytes from 
mice Were pooled 14 days after vaccination. To perform the 
cytotoxicity assay, splenocytes Were cultured With mesothe 
lin protein-for 6 days and used as effector cells. WF-3 tumor 
cells served as target cells. WF-3 cells Were mixed With 
splenocytes at various E:T ratios. Cytolysis Was determined 
by quantitative measurements of LDH. Note: The pcDNA3 
mesothelin DNA vaccine generated a signi?cantly higher 
percentage of speci?c lysis than the other DNA vaccines 
(P<0.001). The data presented in this ?gure are from one 
representative experiment of tWo performed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The recent development of high-throughput tech 
nologies that quantify gene expression has led to the iden 
ti?cation of many genes that are differentially expressed in 
human cancers. HoWever, differential expression does not, 
on its oWn, indicate that an antigen is a therapeutic target. 
Therefore, a functional immunologic screen Was applied to 
a SAGE gene expression database in order to identify 
immunologically relevant tumor antigens. We previously 
reported the association of prolonged disease-free survival 
and in vivo induction of anti-tumor immunity in three of 
fourteen patients receiving a pancreatic tumor vaccine. Here 
We identify mesothelin as a tumor antigen recogniZed by 
uncultured CD8+ T cells isolated from these vaccinated 
patients. Moreover, the induction of mesothelin-speci?c T 



US 2005/0175625 A1 

cells Was not found in the eleven other patients Who received 
the same vaccine but relapsed. To validate mesothelin as a 
tumor antigen, We shoW that none of the patients respond to 
another differentially expressed gene product, prostate stem 
cell antigen. These data identify mesothelin as an in vitro 
marker of vaccine induced immune responses that correlate 
With clinical anticancer responses. The inventors also 
describe a functional genomic approach for identifying and 
validating other immunologically relevant human tumor 
antigens. 
[0033] The vaccines of the present invention can be 
administered by any means knoWn in the art for inducing a 
T cell cytolytic response. These means include oral admin 
istration, intravenous injection, percutaneous scari?cation, 
subcutaneous injection, intramuscular injection, and intra 
nasal administration. The vaccines can be administered 
intradermally by gene gun. Gold particles coated With DNA 
may be used in the gene gun. Other inoculation routes as are 
knoWn in the art can be used. 

[0034] Additional agents Which are bene?cial to raising a 
cytolytic T cell response may be used as Well. Such agents 
are termed herein carriers. These include, Without limitation, 
B7 costimulatory molecule, interleukin-2, interferon-y, GM 
CSF, CTLA-4 antagonists, OX-40/OX-40 ligand, CD40/ 
CD40 ligand, sargramostim, levamisol, vaccinia virus, 
Bacille Calmette-Guerin (BCG), liposomes, alum, Freund’s 
complete or incomplete adjuvant, detoxi?ed endotoxins, 
mineral oils, surface active substances such as lipolecithin, 
pluronic polyols, polyanions, peptides, and oil or hydrocar 
bon emulsions. Carriers for inducing a T cell immune 
response Which preferentially stimulate a cytolytic T cell 
response versus an antibody response are preferred, 
although those that stimulate both types of response can be 
used as Well. In cases Where the agent is a polypeptide, the 
polypeptide itself or a polynucleotide encoding the polypep 
tide can be administered. The carrier can be a cell, such as 
an antigen presenting cell (APC) or a dendritic cell. Antigen 
presenting cells include such cell types aas macrophages, 
dendritic cells and B cells. Other professional antigen 
presenting cells include monocytes, marginal Zone Kupffer 
cells, microglia, Langerhans’ cells, interdigitating dendritic 
cells, follicular dendritic cells, and T cells. Facultative 
antigen-presenting cells can also be used. Examples of 
facultative antigen-presenting cells include astrocytes, fol 
licular cells, endothelium and ?broblasts. The carrier can be 
a bacterial cell that is transformed to express the polypeptide 
or to deliver a polynucleoteide Which is subsequently 
expressed in cells of the vaccinated individual. Adjuvants, 
such as aluminum hydroxide or aluminum phosphate, can be 
added to increase the ability of the vaccine to trigger, 
enhance, or prolong an immune response. Additional mate 
rials, such as cytokines, chemokines, and bacterial nucleic 
acid sequences, like CpG, are also potential adjuvants. Other 
representative examples of adjuvants include the synthetic 
adjuvant QS-21 comprising a homogeneous saponin puri?ed 
from the bark of Quillaja saponaria and Corynebacterium 
part/um (McCune et al., Cancer, 1979; 43:1619). It Will be 
understood that the adjuvant is subject to optimiZation. In 
other Words, the skilled artisan can engage in routine experi 
mentation to determine the best adjuvant to use. 

[0035] Further additives, such as preservatives, stabiliZers, 
adjuvants, antibiotics, and other substances can be used as 
Well. Preservatives, such as thimerosal or 2-phenoxy etha 
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nol, can be added to sloW or stop the groWth of bacteria or 
fungi resulting from inadvertent contamination, especially 
as might occur With vaccine vials intended for multiple uses 
or doses. Stabilizers, such as lactose or monosodium 
glutamate (MSG), can be added to stabiliZe the vaccine 
formulation against a variety of conditions, such as tem 
perature variations or a freeZe-drying process. 

[0036] Viral vectors can be used to administer polynucle 
otides encoding a polypeptide comprising a mesothelin 
epitope. Such viral vectors include vaccinia virus and avian 
viruses, such as NeWcastle disease virus. Others may be 
used as are knoWn in the art. 

[0037] One particular method for administering polypep 
tide vaccine is by pulsing the polypeptide onto an APC or 
dendritic cell in vitro. The polypeptide binds to MHC 
molecules on the surface of the APC or dendritic cell. Prior 
treatment of the APCs or dendritic cells With interferon-y can 
be used to increase the number of MHC molecules on the 
APCs or dendritic cells. The pulsed cells can then be 
administered as a carrier for the polypeptide. Peptide pulsing 
is taught in Melero et al., Gene Therapy 7:1167 (2000). 

[0038] Naked DNA can be injected directly into the host 
to produce an immune response. Such naked DNA vaccines 
may be injected intramuscularly into human muscle tissue, 
or through transdermal or intradermal delivery of the vac 
cine DNA, typically using biolistic-mediate gene transfer 
(i.e., gene gun). Recent revieWs describing the gene gun and 
muscle injection delivery strategies for DNA immunization 
include Tuting, Curr. Opin. Mol. Ther. (1999) 1: 216-25, 
Robinson, Int. J. Mol. Med. (1999) 4: 549-55, and Mumper 
and Ledbur, Mol. Biotechnol. (2001) 19: 79-95. Other 
possible methods for delivering plasmid DNA includes 
electroporation and iontophoreses. 

[0039] Another possible gene delivery system comprises 
ionic complexes formed betWeen DNA and polycationic 
liposomes (see, e.g., Caplen et al. (1995) Nature Med. 1: 39). 
Held together by electrostatic interaction, these complexes 
may dissociate because of the charge screening effect of the 
polyelectrolytes in the biological ?uid. A strongly basic lipid 
composition can stabiliZe the complex, but such lipids may 
be cytotoxic. Other possible methods for delivering DNA 
includes electroporation and iontophoreses. 

[0040] The use of intracellular and intercellular targeting 
strategies in DNA vaccines may further enhance the 
mesothelin-speci?c antitumor effect. Previously, intracellu 
lar targeting strategies and intercellular spreading strategies 
have been used to enhance MHC class I or MHC class II 
presentation of antigen, resulting in potent CD8+ or CD4+ 
T cell-mediated antitumor immunity, respectively. For 
example, MHC class I presentation of a model antigen, 
HPV-16 E7, Was enhanced using linkage of Mycobacterium 
tuberculosis heat shock protein 70 (HSP70) (Chen, et al., 
(2000), Cancer Research, 60: 1035-1042), calreticulin 
(Cheng, et al., (2001) J Clin Invest, 108:669-678) or the 
translocation domain (domain II) of Pseudomonas aerugi 
nosa exotoxin A (ETA(dII)) (Hung, et al., (2001) Cancer 
Research, 61: 3698-3703) to E7 in the context of a DNA 
vaccine. To enhance MHC class II antigen processing, the 
sorting signals of the lysosome associated membrane protein 
(LAMP-1) have been linked to the E7 antigen, creating the 
Sig/E7/LAMP-1 chimera (Ji, et al, (1999), Human Gene 
Therapy, 10: 2727-2740). To enhance further the potency of 
















































