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|dentification of New HER2/neu-Derived Peptide Epitopes That
Can Elicit Specific CTL Against Autologous and Allogeneic
Carcinomas and Melanomas

Yang Rongcun,* Flavio Salazar-Onfray,>* " Jehad Charo?" Karl-Johan Malmberg,* '
Kristina Evrin,* T Hubert Maes,*" Koji Kono,* * Christina Hising,* Max Petersson,*'
Olle Larsson,* Li Lan,* " Ettore Appella,® Alessandro Sette Esteban Celis®T and

Rolf Kiessling™

Twenty-two new HLA-A2.1-binding peptides derived from the protooncogene HERZieu were identified and analyzed for their
capacity to elicit peptide and tumor-specific CTL responses. We used peptide-pulsed autologous DC from the ascites of patients
with ovarian carcinomas to induce CTL. Of the 22 tested new HERZieu-derived epitopes that could bind HLA-A2 with high
(IC 50 < 50 nM) or intermediate (50 nM < IC 5o < 500 nM) affinity, we report the recognition by CTL of at least four novel epitopes,
including HER2(9,35, HER2(965), HER2(9s9), and HER2(1Q,5,), and confirm that of the known HER2 (955, epitope. These
epitopes were able to elicit CTL that specifically killed peptide-sensitized target cells and, most importantly, a HER2#u-trans-
fected cell line and the autologous tumor cells. We also confirm that HERBEu is overexpressed in several melanoma lines, and
as a new finding, report that some of these lines are sensitive to CTL induced by the HER24Q), HER2(9,3-), and HER2(959)
epitopes. Finally, CTL clones specific for HER2 (959, HER2(9,35), and HER2(9%go) epitopes were isolated from tumor-specific
CTL lines, further demonstrating the immunodominance of these epitopes. These findings broaden the potential application of
HER2/neu-based immunotherapy. The Journal of Immunology,1999, 163: 1037-1044.

the MHC, derived from processed proteins synthesized byrepetitive stimulation with the autologous tumor (5, 8), have been
the tumor cells, can be recognized as Ags by CTL. Tumor-critical reagents for these studies.

specific CTL, adoptively transferred or activated in vivo by tumor- ~ As an alternative to the genetic and biochemical approach for
associated CTL epitopes, have therapeutic activity and can indudeentifying tumor- associated CTL epitopes, a reverse immunology <€
regression of established tumors or micrometastases (1, 2). Thaethod has been developed, which is not constrained by the avail-2
development of immunotherapeutic methods to treat cancer is critability of tumor-specific CTL, and thereby not limited to the anal- €
ically dependent on the identification of tumor-associated Agsysis of only immunodominant epitopes already recognized by can- 2
Several immunodominant peptide epitopes, recognized by CTlcer patients during the course of their disease. In this method, S
lines and clones, have been defined from human carcinomas (3—81HC class I-binding epitopes are identified and corresponding g
mainly using a genetic method based on genomic or cDNA exsynthetic peptides are tested for their capacity to induce peptide- g
pression libraries (5, 6, 8), but also using a biochemical approachnd tumor-specific CTL derived from healthy individuals or cancer &
based on HPLC-derived (5) peptide fractions (4). Tumor-specifigatients. This approach has recently been used for the definition of
CTL, raised from tumor-infiltrating lymphocytes of cancer patients several new CTL epitopes in different melanoma Ags (7, 9-11). 'B

The identification of tumor-associated Ags in melanomas has N
been paralleled by the demonstration that CTL derived from solid
*Department of Oncology and Pathology, Radiumhemmet, Karolinska HospitalfUmors or ascites of patients with ovarian cancer are capable of
Stockholm,Swederﬁj';\/lligr?blijologxft andtTUfmgr Bi0|09)<(Center, ﬁam”r&%ké\l '85t_itute,. recognizing autologous and HLA class I-matched allogeneic tu-
e e o STy emanish Medcal Uniers” mors (12-16). The HER@Eu gene, which encodes a 185-kDa
Institute, National Institute of Health, Bethesda, MD 20892; 3&gimmune, San  transmembrane glycoprotein with tyrosine-specific kinase activity
Diego, CA 92121 and has a similarity in structure and sequence to the epidermal
Received for publication March 8, 1999. Accepted for publication May 3, 1999. growth-factor receptor (17), is frequently recognized by tumor-
The costs of publication of this article were defrayed in part by the payment of pagespecific CTL lines and clones derived from patients with carcino-
&Tt"’r‘]'glzsu_@_'é_ag"fclﬁorr?”ls;;zesr;z;etg?nzgggytmsaﬁfmsemenm accordance 5, HLA-A2-restricted CTL epitopes in the HER2U protein
1 This work was supported by grants from the Swedish Cancer Society, the Cancerrecognlzed by Qvarlan (12,13) _and breast can_cer-speuflc (18, 19)
Society of Stockholm, and the King Gustaf V Jubilee Fund. This work was alsoCTL have previously been defined. Our previous work (20) has

supported by a research grant (No. 1RB-0302) from the California Breast Cancerecently resulted in the identification of two new HLA-A2.1-re-
Research Program (BCRP), and by a Public Health Service, National Institute of , . .
Health contract (No. NO1-Al-45241). Stricted CTL epitopes from HER2éu.

2 F.S.-0. and J.C. made equal contribution to this article.

I tis now well established that small peptide epitopes bound tdy culturing in IL-2 (6) or from PBMC of cancer patients after
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In the present study, we have tested a set of new HLA-A2-
binding HER2/neu-derived peptides, using the reverse immunol-
4 Add § o rerint s 10 Dr. Rolf Kiessling. Deoart togy approach, for their ability to elicit peptide- and tumor-specific
ress corresponaence ana reprint requests to Dr. RO lessling, Departmen B - . - .

Oncology and Pathology, Radiumhemmet, Karolinska Hospital, S-171 76 Stockholmog:TL respon_ses "? pauent; with ovarian carcmomas. A method \.N_aS
Sweden. E-mail address: Rolf.Kiessling@mtc.ki.se developed in which peptide-loaded DC derived from the ascitic

3 Current address: Department of Immunology, Mayo Clinic, Rochester, MN 55905.

Copyright © 1999 by The American Association of Immunologists 0022-1767/99/$02.00
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fluid of patients were used to induce peptide-specific CTL. Weperature in the presence of a mixture of protease inhibitors. Percentage of
found that HER2/neu-specific CTL, elicited by several HER2/- MHC-bound radioactivity was determined by gel filtration, and thg,|C

denved peptldes or Isolated from the aSClth ﬂUId Of patlentS Wlththe concentration required to inhibit 50% of the radiolabeled peptlde bind-
. . . . ing, was calculated for each peptide.
ovarian carcinoma, were able to kill autologous and allogeneic g pep

HLA-A2 ™ ovarian and colorectal carcinoma cells in a tumor-spe-

cific manner. Furthermore, as a new finding, we report that melCell lines

anomas, previously reported to overexpress HER2(21), are  CAOV-4, SW-626 ovarian tumor cell lines and colon carcinoma cell line
also efficiently lysed by HERBEu-specific CTL. The findings that SW-620 were furnished by the American Type Culture Collection (ATCC,
several new HER2/neu-derived epitopes can efficiently elicit tu-Manassas, VA). OVA-9301, OVA-0826, OVA-6906, OVA-320929, OVA-

o : : . 60622, OVA-1226 ovarian tumor lines, and BL, BE, DFB melanoma lines
mor-specific CTL against carcinomas and melanomas by using were established at Microbiology and Tumor Biology Center in Karoliska

cells and dendritic cells (DE)from cancer patients broaden the |ngtitute. FM-55 and FM-3D melanoma lines were kindly provided by Dr.
potential application for epitope-based immunotherapy based on. Zeuthen (Danish Cancer Society Research Center, Copenhagen, Den-
this protooncogene. mark). FMS melanoma line was from Dr. Gaudernack (Norwegian Radium
Hospital, Oslo, Norway). C1R/A2, a MHC class I-defective LCL cell line
: transfected with HLA-A2 (29) was provided by Dr. M. Mosac, Karolinska
Mat_enals and Methods Institute. The TAP-defect HLA-2.1 T2 cell line derived from the human T
Ovarian tumor cells cell leukemia/B cell LCL hybrid 174 (30) was a generous gift of Dr. P.

Tumor cells were isolated as described (22) from the ascitic fluid of HLA- Cresswell (Yale University School of Medicine, New Haven, CT).

A2.1" patients with advanced epithelial ovarian cancer. All patients had

undergone various regiments of chemotherapy due to recurrent diseasgrgnsfections

The ascitic fluid was collected in sterile heparinized containers. The sam-

ples were centrifuged at 808 g for 10 min, and the cell pellet was Transfections were performed using Lipofectin (Life Technologies, Grand
resuspended in PBS containing 5% FBS, 100 U/ml penicillin, and strepisland, NY), according to the manufacturer’s protocols. The C1R/A2 cell
tomycin. Ascitic cells were then isolated by centrifugation on Ficoll- line was transfected in our laboratory with the gene encoding for the
Hypaque and cultured at $@ell/ml. Lymphocyte growth was inhibited by HER2/neuprotooncogene (LTR-2/erbB-8ncoding a full-length HER2/
adding 1ug/ml cyclosporin A to the medium. Nonadherent cells and debrisneucDNA) kindly provided by Dr. J. Pierce (Laboratory of Cellular and
were removed and the tumor cells were cultured in RPMI 1640 mediumMolecular Biology, National Cancer Institute). The HER&U-transfected
(Life Technologies, Auckland, NZ), supplemented with 10% FBS (Life C1R/A2 line (C1R/A2. HER2) was selected in medium containingyiml
Technologies), 2 mM glutamine (Sigma-Aldrich, Tyres6 Sweden), 20%mycofenolic acid, 25Qug/ml xantine, 15ug/ml hypoxantine, 1Qug/ml
autologous ascitic fluid, 2.pg/ml insulin, and 1% penicillin-streptomycin  thymidine, and 2ug/ml aminopterine (Sigma-Aldrich). The ovarian tumor
(Sigma-Aldrich). Every 5 to 6 days, the medium was replaced with freshcell line SW-626 was transfected with the HLA-A2 expression vector con-

supplemented medium. taining the full-length HLA-A2.1 cDNA. The transfected cells were se-
. lected with 200ug/ml hygromycin B (Boehringer Mannheim, Mannheim,
Preparation of DC Germany).

DC were produced from monocytes according to a previously described
protocol (23-26). Briefly, after Ficoll-Hypaque separation, cells from as- ;
citic fluid were resuspended in RPMI 1640 medium, supplemented WithmAbs and FACS analysis
10% FBS, 2 mML-glutamine, and 1% penicillin-streptomycin. The cells The anti-HER2/nemAb TA-1) recognizing the extracellular domain of
(10° cell/ml) were incubated overnight at 37°C, and the nonadherent cell-HER2/neuwas purchased from Oncogene Science (New York, NY). The
were removed by gentle pipetting. The adherent cells were cultured iTAb BB7.2 (HB82, ATCC) was used to detect HLA-A2.1. FITC-conju-
RPMI 1640 and supplemented with 10% FBS medium containing 1000gated goat anti-mouse IgG was purchased from Becton Dickinson (Moun-
U/ml GM-CSF (Schering-Plough, Stockholm, Sweden) and 1000 U/mltain View, CA). For cytometric analysis of tumor cells, XL 10° cells per
IL-4 (Schering-Plough, Brinny, Cork, Ireland). After 9-12 days, floating staining were washed in PBS, incubated with a primary murine anti-human
DC-like cells were harvested in PBS and used as stimulators after peptideAb for 20 min on ice. Cells were washed twice before incubation with a
loading. Cell morphology was determined by standard microscopicsecondary FITC-labeled rabbit anti-mouse IgG Ab for 20 min. Cells were
techniques. then washed twice before being resuspended in PBS containing 1% para-
. - . . formaldehyde and 1% FBS.
Peptide-specific CTL lines and antitumor CTL clones FITC-labeled anti-CD3 (mAb UCHT1), CD4 (mAb MT310), and CD8
DC were incubated with 2ng/ml peptide for 12 h at room temperature, (mAb DK25), plus PE-labeled anti-CD4 (mAb MT310), CD8 (mAb
then irradiated and washed twice to remove excess of peptide, before beniﬁzf‘:{)’ and CD56 (mAD M.O.C'l) were purchase_d fro”.‘ Dal0<0 (Dakopatts,
used as stimulator cells. Lymphocytes derived from tumor-associated lym- vsjo, Sweden). Aftez staining, the gells were fixed with 1/.0 paraformal-
phocytes (TAL) were stimulated with irradiated autologous peptide-loadeod':'3hyde ar_1d_ kep_t at 4°C until analysis by FACS (Becton Dickinson). F(_)r
DC cells in AIM-V medium (Life Technologies) containing 12.5 U/ml IL-2 €Very staining, isotype-matched control mAb was used as a negative
(kindly supplied by Dr. P. Simon, DuPont Merck Pharmaceutical, control.
Glenolden, PA) and 10 ng/ml IL-7 (Becton Dickinson, Stockholm, Swe-
den). Stimulator to T cell ratio was 1:20. After at least four rounds of
stimulation at weekly intervals, the cytotoxicity of CTL was measured by
a standard'Cr release assay. Antitumor CTL clones were then obtainedTo analyze tumor recognition, tumor cells were labeledifh at37°C with
from reactive CTL by limiting dilution after three weekly stimulations with 125 Ci/10° cells >*Cr (Amersham, Amersham Sweden, Solna). For pep-
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Cytotoxic assay

irradiated autologous tumor cells. tide recognition, T2 cells or C1R-A2 cells were incubated overnight at
. . - 26°C together with 2g/ml peptide, washed, and then labeled. Cytotoxic
Peptide synthesis and HLA-A2.1-binding assay assays were performed by incubatii@r-labeled target cells with effector

HER2/neu-derived peptides were identified on the basis of the HLA-A2.1-Cells at various E:T ratios at 37°C for 4 h. In some experiments, blocking

binding motif using a computer program (27). Nonamer and decamer pepWith an anti-HLA-A2 Ab was performed by incubating the target cells for

tides were synthesized by a solid phase method, using a multiple pepticg® Min with 1/50 dilution of the supernatant of the BB-7.2 hybridoma.
synthesizer, and purified by HPLC, as previously described (10, 11). PepCoId target inhibition was also done using nonradiolabeled T2 loaded with
tide binding to HLA-A2 was measured as described (27, 28). Briefly, var-HER2/neu peptide or with the HLA-A2-binding irrelevant peptide
ious doses of the test peptides (ranging from 100-1 nM) were coin- MP58-66 (GILGFVFTI__) used as negative control._ Th_e c_oId target to hot
cubated with 0.5 nM radiolabeled HBVc18-27 (FLPSDYFPSV) peptidetarget fCr labeled) ratio was 10:1, unless otherwise indicated. Superna-

and HLA-A2.1 heavy chain anfl,-microglobulin for 2 days at room tem-  t@nts were harvested and radioactivity was determined using a gamma
2 counter. The percentage 8fCr release was calculated according to the

following formula: percent lysis= 100 X (experimental release spon-
S Abbreviations used in this paper: DC, dendritic cell; LCL, lymphoblastoid cell line; taneous release)/(maximum releasespontaneous release). All determi-
TAL, tumor-associated lymphocyte. nations were made in triplicates.
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Table |I. Relative binding affinity of HER-2éuderived peptides to
HLA-A2.®

A*0201 Binding®

Peptide Sequence IC50 (NM)
HER2(%65) VVLGVVFGI 14.3
HER2(9,0¢) QLFEDNYAL 17.2
HER2(%50) RLLQETELV 20.8
HER2(9,52) VLIQRNPQL 22.7
HER2(950) KIFGSLAFL 33.3
HER2(%s52) SIISAVVGI 69.4
HER2(939) ILHNGAYSL 74.6
HER2(1Q5,) YMIMVKCWMI 83.3
HER2(9) ALCRWGLLL 100.0
HER2(10,g5) LLGICLTSTV 102.0
HER2(1Q) ALCRWGLLLA 138.9
HER2(9,g9) CLTSTVQLV 147.1
HER2(9¢) HLYQGCQVWV 147.1
HER2(s5,) YMIMVKCWM 217.4
HER2(96¢) ALIHHNTHL 238.1
HER2(%-) ILDEAYVMA 238.1
HER2(10Q,5,) RILHNGAYSL 277.8
HER2(10G,,5) VMAGVGSPYV 277.8
HER2(1Q,,) SLTEILKGGV 333.3
HER2(1Q,4¢) QLFEDNYALA 357.1
HER2(909) GLACHQLCA 416.7
HER2(1Q:54 IISAVVGILL 416.7

2 Results based on a previous report (20).

b Concentration of peptides inhibiting 50% of the binding of 0.5 nM standard
peptide HBVc18-27 to the HLA-A2.1 molecules (skkaterials and Methods). Ac-
cording to affinity data, peptides are arbitrarily ranked as high{I€ 50 nM),
intermediate (50 nM< IC5, < 500 nM), and weak (I, > 500 nM, not shown)

binders.

Results
Induction of CTL responses to HER2U-derived peptides

We have previously screened the amino acid sequence of thend HER2(1Qs,), were able to elicit peptide-specific CTL in at
HER2/neuprotooncogene for the most probable HLA-A2 nona- least three of eight different patients analyzed (Fig. 1, data only
and deca-mer peptide epitopes by the use of a computer prograsiown for HER2(939)).

the seventeen intermediate binderss& 51-500 nM), including

1039

that takes into account the presence of main HLA-A2.1-specific
anchor residues, and specific secondary anchor residues (20, 27).
Of 165 peptides (9 mers and 10 mers) containing HLA-A2.1-bind-
ing motifs, 23 were found to bind with an g < 500 nM to
purified HLA-A2.1 molecules, and 22 of these were included in
the present analysis (Table ). The HER249 peptide previously
reported as a CTL epitope in cancer patients (14, 31) and also the
HER2 (949 epitope previously found by us to be immunodomi-
nant in tumor-specific tumor-infiltrating lymphocytes from gastric
cancer (32) were among the highest affinity HLA-A2.1-binding
peptides.

The 22 peptides were tested for their capacity to elicit HLA-
A2-restricted CTL from TAL derived from ascitic fluid of patients
with advanced ovarian carcinoma. TAL were stimulated at least
four times over a period of 4—6 wk with synthetic peptides pulsed
onto autologous DC also derived from the ascitic fluid. These cells
had typical DC morphology when observed by standard light mi-
croscopy, and expressed high levels of MHC class Il and of the
costimulatory molecules CD54, CD80, CD86, and CD40 and did
not express or expressed only very low levels of CD14, as mea-
sured by immunofluorescence and flow cytometry (data not
shown). The resulting CTL lines were composed of a majority of
CD8" cells (>75%), the remaining cells being CD4data not
shown).

Three of the five high affinity binding (I§; < 50) peptides,

HER2(%s5), HER2(59), and the previously defined HER2(Q)
(14, 31), were able to induce peptide-specific lysis of T2 by CTL
derived from at least four of eight different patients with ovarian
carcinomas, as shown with CTL from patients OVA-320929 and
OVA-360622 (Fig. 1, data not shown for HERZ{9). Six among

HER2(9,5), HER2(939, HER2(9,5,), HER2(1Q,59, HER2(950),

——T2+HER2(9.369) ——T2+HER2(9.435)

FIGURE 1. Induction of CTL against HER2/neu-
derived peptidesA, B, andC, Cytotoxicity of CTL
induced by peptide-pulsed DC cells (DC to T cell
ratio, 1:20) in the presence of IL-2 and IL-7. CTL
were produced as describedNfaterials and Meth-
ods and tested against T2 target cells pulsed with
the same HER2eu peptide HER2(%9 (A),
HER2(%49 (B), and HER2(%;9 (C) epitopes as
used for the stimulation, with an irrelevant peptide
(MP58-66) or against unpulsed T2 and/or K562 as
control. D and E, Induction of CTL against
HER2(959 (D) and HER2(939) (E) using a high
ratio of DC to T cells (1:2.5-5) and with IL-7 alone
without IL-2, tested as described above. CTL line A,
B, and D from OVA-320929 patient; C and E from
OVA-360622 patient.

——T2+HER2(9.689)
60 1 ——T2+MP58-66
l -T2
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The majority of these epitopes induced specific CTL as they did A
not kill, or killed to a much lesser extent, either the corresponding
nonpulsed target cell or target cells pulsed with an irrelevant HLA-

A2-binding peptide (Fig. 1). The peptide specificity of these CTL 60 - m SW-626/A2
was observed even in the presence of a 20-fold excess of K562 0 SW-626
cells (data not shown). In our initial protocol, stimulations were é
conducted in the presence of IL-2 (12.5 U/ml) and with a ratio of =" 40
DCto T cells of 1:20 (Fig. 1A—C). By adapting this to a protocol -.(%—)
in which stimulations were conducted without IL-2 and with a =2 20
higher ratio of DC to T cells (1:2.5-5) in the presence of 10 ng/ml c\’j B ~
IL-7, less nonspecific killing of nonpulsed T2 was observed (Fig. = o ‘ )
1, D andE). & & & & 8

Thus, our CTL induction protocol made it possible to produce 8 8 5 5 8 B
HER2/neu-derived peptide-specific CTL from TAL of four of T § g g F =
eight tested HLA-AZ ovarian carcinoma patients, using nine dif- 2 2 =2 9% ;
ferent HLA-A2-restricted epitopes from HER®u. Notably, all
four of the eight patients, OVA-9301, OVA-0826, OVA-320929, B.
and OVA-360622, from which HER@éu-specific CTL were gen-
erated, had tumors that expressed HERA/(data not shown). = C1R/A2.HER2

60 = C1R/AZ2

HER2/neu-specific CTL can specifically recognize cells %
expressing HLA-A2 and HER®{u o 40
To establish whether peptide-induced CTL could recognize HLA- § 20
A2-associated naturally processed epitopes, we next transfected @
the HLA-A2" gene in the HLA-A2 , HER2/neu-expressing ovar- = o ]
ian carcinoma line SW-626. Six peptide-specific CTL lines from & & &5 B & 8
patient OVA-9301, selected on the basis of availability of cells, § § § g § =
were tested against this HLA-A2transfectant and its control. The g ¥ ¥ g <
CTL raised against peptide HER2(Q), HER2(Q50), HER2(%60), W o oo

HER2(%s9, and HER2(1Qs,) all showed cytotoxic activity
'i)gx?(l:nztc:ir\]/ietymo_]ﬁtﬁez (;':I?I? T’;eigteadmag;i\g Eéeé Zg%t; Owugz It(:]vev (i:r)]/to nf';\turally processed peptides on.t_he surfa(_:e of HLA*—AQ’get cells. Five

. . . . . different HER2/neupeptide-specific CTL lines from patient OVA-0826
this experiment. The HLA-A2 control line was relatively resis- were tested against the HLA-A2-transfected, HER2/ ovarian tumor
tant to cytotoxicity (Fig. Z). As control, the influenza virus pep- jine SW-626 (SW-626/A2)&) or HER2/neu-transfected C1R/A2 (C1R/
tide (MP58-66)-specific CTL were not able to lyse these targetsa2. HER2) @) at an E:T ratio of 20:1. SW-626\] and C1R/A2 B) were

To further establish that natural processing generated thesgsed as controls, respectively. An influenza virus peptide (MP58—66)-spe-
epitopes, the C1R/A2 cell line was transfected by the full-lengthcific CTL derived from a healthy HLA-A2 donor was included as control
HER2/neucDNA. This transfectant expressed levels of HER2/  (not tested in the same experiment as the HER@peptide-specific CTL).
as high as those seen in HER2/nisigh-expressing tumor lines This line lysed 36% of T2 cell-pulsed MP58—-66 (data not shown).
(data not shown). When the same CTL lines from patient 9301
induced by the five peptides, as listed above, were tested, all
showed cytotoxic activity against the HER2U transfectant of
C1R/A2 with little or no activity against C1R/A2 control cells cally lyse autologous tumor cells (data not shown). Similarly, the
(Fig. 2B). Again, the cytotoxic activity of the CTL raised against CTL lines from patient OVA-0826 induced by the same four pep-
HER2(9,55 was low in this experiment. Similarly, MP58—-66 pep- tides showed cytotoxic activity against the autologous tumor, al-
tide-specific CTL did not lyse the transfectant. though this tumor was in general more resistant to cytotoxicity

Our data therefore show that the CTL lines induced by at leas{data not shown).
five of the high or intermediate HER®#uHLA-A2 binders can The CTL from donor 0826 induced by peptide HER(Y
induce specific CTL that also recognize naturally processed MHGoaded DC cells were further tested on a panel of semiallogeneic
class I-associated peptides. (sharing HLA-A2) and allogeneic carcinomas, which had been

typed for their expression of HER®uand HLA-A2 (Table I1)

HER2/neu-specific CTL can specifically recognize autologous Among the ovarian carcinomas, CAOV-4 and OVA-6906, both of
and allogeneic carcinomas overexpressing HERR/ which are HLA-A2" and HER2/neti, were lysed, while the SW-

We succeeded in establishing tumor lines from patients 9301 anfi26 (HLA-A2™, HER2/ned’) was very poorly recognized and
0826. Both of these lines were found to overexpress HE®e/ OVA-1226 (HLA-A2 neu’) were not lysed at all. The colorectal
(data not shown). HER@éu-specific CTL were tested for their cancer line SW-620 (HLA-A2, HER2/neu’) was also highly sen-
capacity to kill autologous tumor cells, while the HLA-A2 sitive to these HERku-specific CTL. These data confirm the
HER2/neu" ovarian tumor line SW-626 was used as control. CTL Widespread expression of the HER@l Ag in various types of
from patient 9301 induced by peptides HERD, HER2(9,35), carcinomas, and show that it is processed and presented to MHC
HER2(%62), HER2(259), and HER2(19s,) were able to kill the  class I-restricted CTL in all of the recognized carcinomas. The
autologous tumor, while the HLA-A2 SW-626 tumor or the NK-  carcinoma-specific cytotoxicity of this HER2(Q)-specific CTL
sensitive K562 line was relatively resistant to lysis by the samdine was further established by blocking with HLA-A2-specific
CTL (Fig. 3). HER2(10Q49 peptide-specific CTL did not specifi- mAb (data not shown).

FIGURE 2. CTL induced by HERZeu-derived peptides can recognize
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FIGURE 4. Peptide specificity of anti-HER2/neCTL clone OVA-
3507 9 and 29. The T2 cells were preincubated for 2 h with the indicated
peptide together witfi'Cr in a final volume of 0.5 ml, and then washed
twice and used as target cells at an E:T ratio of 10:1.

naturally processed peptides on the surface of the autologous tumor cell.

CTL lines derived from patient OVA-9301 were tested in a standca

release assay against the autologous tumor line or as control the HCA-A2was further tested by adding an excess of nonlabeled cold T2
ovarian line SW-626, or the NK-sensitive target K562 at an E:T ratio of 20:1.

HER2/neu-specific CTL can specifically recognize HLA-A2
allogeneic melanomas overexpressing HERR/

In the next series of experiments, five of eight melanoma lines, BLNOt by unlabeled T2 cells pulsed with an irrelevant HLA-A2.1-

BE, FMS, FM-3D, and FM-55, were found to express HERZ/,

further confirming (21) that this molecule can also be expressed ifdrther confirm that a substantial part of the cytotoxicity of
tumors of neuroectodermal origin (Table Il). Two of these mela-

noma lines (FMS and BL) that were HLA-A2and HER2Aeu"
were also highly sensitive to the HERZ2(9-specific CTL line
from donor OVA-0826 (Table II), from OVA-320929, and to the
HER2(%s9- and HER2(Q39)-specific CTL lines from donor
OVA-320929, and from donor OVA-360622 (data not shown).
However, two of the HLA-AZ and HER2/neti melanoma lines
(BE and FM-3D) showed weak sensitivity to the HER(J-spe-
cific CTL (Table Il). The HLA-A2", HER2/neu’ melanoma line

DFB was resistant (Table 1) or only weakly sensitive (data notfrom ovarian-specific CTL lines that were derived from expanding

shown) to HER24eu-specific CTL.

Table Il. Cytotoxicity of OVA-0826 CTL induced by HERZ($-loaded
autologous DC on allogeneic tumor lines

% Lysis
Target Name HLA-A2 HER-2/ned 15:1°  30:1°

Ovarian carcinomas

CAQV-4 + + 24 42

OVA-6906 + + 39 54

SW-626/A2 + + 54 61

SW-626 - + 7 15

OVA-1226 - - 0 0
Colon carcinoma

SW-620 + + 49 43
Melanomas

FMS + + 30 43

BE + + 12 18

FM-3D + + 13 18

BL + + 50 50

DFB + - 0 0
Other

K562 - - 4 7

2 Expression of HLA-A2.1 and HER@¢u as detected by flow cytometry, and
categorized as negative-J or positive (+) as compared to the control.
PE:T ratio.

The specificity of the CTL lines against HER2U™ melanomas

cells pulsed with the specific peptide to the mixture of CTL and
51Cr-labeled melanoma targets. Recognition of the melanoma tar-
gets by the CTL lines specific for HER2(Q), HER2(9g4), Or
HER2(9,39) was significantly inhibited (20—-40% inhibition) by
unlabeled T2 cells only when pulsed with the cognate peptide, but

papeojumoq

binding peptide or by unlabeled control T2 cells. These results

the HER2/neu-specific CTL is directed against naturally pro-
cessed HER2-derived epitopes presented at the surface of th
HLA-A2 " HER2/ned” melanomas.

CTL clones specific for new HER®U-derived epitopes
expressed on ovarian carcinomas can be isolated from ovarian-
specific CTL lines

1596 Aq /610" jounliw i -mmmy/:dny wouy

We next asked whether CTL clones specific for HER2/neu
epitopes on ovarian carcinomas and melanomas can be isolate

ascitic derived T cells in IL-2 without stimulation with synthetic
peptides. A tumor-specific CTL line (OVA-3507) produced by re-
peated stimulation with the autologous tumor and previously o
shown to be cytotoxic against the autologous tumor and against [y
other HLA-A2.1-expressing allogeneic tumors (31) was cloned by &8
limiting dilution. Seven of fifty-eight clones derived from the
OVA-3507 line were shown to be cytotoxic for HLA-A2-express-
ing ovarian carcinoma lines (data not shown). Three of them were
further analyzed for their cytotoxicity against the panel of HER-
2/neu-derived peptides loaded onto T2 cells. Clone 9 recognized
HER2(9,59), and clone 29 recognized the HERg{9 epitopes
(Fig. 4) when loaded at concentrations of 100—Ad/ml to T2
cells, thus demonstrating that these two epitopes can also be im-
munodominant, as we already have shown for the HER2(9
epitope (32). None of these two clones recognized other HLA-A2-
binding peptides (Fig. 4). One of the three clones (43) was found
to recognize the HER2{Q,) peptide (data not shown), thus con-
firming previous results (31).

The CTL clone 9 from the 3507 line recognizing the HER2(P
epitope and the clone 29 recognizing the HERZ{Pepitope were
tested for cytotoxic activity against a panel of carcinoma and mel-
anoma lines (Fig. A). A similar pattern of recognition was ob-
served for both of these CTL clones, in which the carcinomas
CAOV-4 and SW-620 (HLA-A2.1, HER2/neud’) and the mela-
noma lines FMS and BL (HLA-A2.1, HER2/nel’) were lysed,

BqWesaqTo
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while the HLA-A2.1", HER2/neu melanoma line DFW was not. Epitope identification was performed by the reverse immunol-

To confirm that the antitumor cytotoxic activity of the OVA-3507- ogy approach, previously used to define other CTL epitopes from
derived clones 9 and 29 (Fig. 5) was specific for the cognate pepauman tumor-associated Ags. Herein, besides the known
tide, an excess _of nonlabeleo_l cold T2 cells pulsed vx{lth the correpER2(9,,4) epitope (12, 31), we report the identification of at least
sponding specific HER2 peptide was added to the mixture of CTlfour more HER2feu-derived epitopes, including HERZ&%,
and®'Cr-labeled ovarian carcinoma CAOV-4 (Fig8} colon car- HER2(%e0, HER2(959, and HER2(1Q.,), that were able to
cinoma SW-620 (Fig. 6), and melanoma BL (Fig.[3) targets.  gjicit CTL in patients with ovarian cancer. These epitopes elicited
Recognition of the ovarian carcinoma and melanoma targets Wag T that specifically killed peptide-sensitized target cells and,
significantly |nh_|b|ted by .unlabeled T2 cells pulsed with the cog- most importantly, autologous tumor cells, The HERg(epitope
(r:]:Itli I;rE'Igzéiﬁg\;)eucliszzp\:\l/iﬁ’;nuitr:]eci;\c/);rr\?llj%c&\lfzs ?ybrnrgize:fedp-r%vas recently found to be immunodominant in gastric cancer-spe-
tide (MP58—66). C.IfIC CTL (32). The HER2(9), HERZ_(%eg), a_nd HER2(935) pep- 3
tides were shown to be able to elicit peptide- and tumor-specific
Discussion CTL from PBL of HLA-A2.1" healthy donors (20), although a
different T cell sensitization protocol was used. Two of these pep-

We report in thls study several flpdlngs of releyance to HBERQA/ tides, HER2(Qxg) and HER2(9,0), were also found to elicit CTL
based cancer immunotherapy. First, we identified new HLA-A2.1-. ) - . .
in cancer patients. Our CTL induction protocol, with repeated

restricted CTL epitopes of HER2/neu, and showed that T cells timulations over an extended period of time. does however not
from patients with advanced tumors overexpressing this moleculgmuiat v X pen ime, wev

are still able to develop CTL against these epitopes. Second, nglow us .to drav_v conclusions reg_a_rding the immgnodominanf:e of
have shown that HER@éu-specific CTL raised against synthetic these epitopes in the tumor-specific CTL repertoire of the patients.

peptide epitopes or isolated from TAL in the ascitic fluid of pa- T"€ response in healthy donors may represent an example of an in
tients can recognize naturally processed peptides on ovarian ca¥liro induction of a primary response, or alternatively, a weak
cinomas and, as a new observation, also on melanomas. Third, wi&condary response following sensitization in vivo by peptides ex-
have shown that ascitic fluid can be utilized as a source of both Pressed on HEReu" normal tissues. A comparison of epitope-
cells and DC for CTL induction experiments. Last, we have con-specific CTL precursor frequencies between cancer patients and
firmed the immunodominance of HER®uepitopes, and demon- healthy donors would seem necessary to establish whether the as-
strate that T cells specific for these epitopes are present in tumogitic fluid does indeed contain enhanced levels of HERA/spe-
specific CTL lines. cific CTL precursors.
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Three additional epitopes that were able to elicit peptide-specific It should be noted that as we have not tested any low affinity
CTL were defined, including HER2(9, HER2(94,), and binding HER2/newepitopes, we cannot exclude that some of these
HER2(9,45, (data not shown). may also be able to induce CTL with our CTL sensitization pro-

T cells induced in vitro with APC pulsed with peptides selectedtocol. Our results demonstrate that the reverse immunology ap-
for their ability to bind to MHC class | alleles frequently have been proach can be utilized to greatly broaden the repertoire of epitopes
shown to recognize peptide-pulsed target cells, but not target cell@vailable to specific immunotherapy, allowing to tap into a rich
presenting naturally processed epitopes (33, 34). Presumably, thesllection of subdominant epitopes. Several of these epitopes
is due to the low levels of epitope presented by the latter. It iswould remain unavailable for exploitation if one were limited to
therefore of particular interest that CTL generated against severdlnly the most dominant epitopes.

of the new HER2/neu-derived epitopes characterized in this study Others have used the ascites as a source of T cells to generate

were able to recognize the autologous HER2F HLA-A2*  tumor-specific CTL (22, 40). As a new approach, we have in this
ovarian carcinomas, but not HLA-A2ones (Fig. 3). The speci- : : A ! : '
ficity of these peptide-induced lines was further established bygeneration of peptide-specific CTL. The ascitic fluid from patients

their lysis of C1R cells transfected with HER2Uand HLA-A2  With ovarian and other types of tumors (colon cancer, liver cancer,

study used the ascites as a source for both T cells and DC for the

genes (Fig. B) and by analyzing a HLA-A2 transfectant of a and pancreatic cancer) may therefore be a useful starting source of

HLA-A2 ~, HER2/neu-expressing ovarian carcinoma (Fig).2 1 cells and DC cells for the generation of large numbers of CTL

CTL specific for the HER2(Q) (31, 35), HER2(3,,) (12), and 0 be used in protocols c_af adoptive mmunotherapy. _
HER2(1Q..,) (35, 36) epitopes were previously shown to recog- Our data clearly establish that HER2/rig@n immunodominant
nize HLA-A2*, HER2/ned tumor targets, demonstrating that molecule. DC cultures can be isolated from ascitic material, loaded
several epitopes from this molecule appear to be naturally pro%ith peptides corresponding to the dominant and subdominant
cessed and presented on the surface of carcinomas. Our method fitoPes, and used to develop CTL lines from T cell cultures orig-
CTL generation may favor the outgrowth of high affinity CTL inating from autologous ascitic material. We hope that this ap-

v
Q

precursors bearing the capacity to recognize cell surface epitop
expressed at low density.
Immunodominance was addressed by testing CTL clones devel-

oped from patient-derived CTL lines stimulated solely with autol- References

ogous tumor cells. In agreement with previous results (12, 31), onet.
CTL clone was found to be specific for the HERZ{9 epitope,
while two additional CTL clones from the same donor also rec-
ognized the HER2(8) and HER2(Qg9 epitopes, further con-
firming that HER2/neu-derived epitopes constitute a dominant part
of the tumor-specific CTL response against ovarian carcinomas.
Cold target competition assays confirmed that the cytotoxicity of 3-
these clones against HLA-A2carcinomas and melanomas was
specific for the cognate naturally processed peptide. The immu-
nodominance of HERBEucould be explained by the fact that this 4
molecule is a surface receptor (37) that may recycle into the cy-
toplasm and therefore be easily accessible to the MHC class | Ag
presentation pathway. We have recently defined immunodominant”
CTL epitopes from another cell surface receptor (38), the MC1R
receptor expressed on the majority of human melanomas (39).6
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HER2(9,35), or HER2(Q59), also can kill some HLA-A*, HER2/
neu” melanoma lines. Immunohistochemical studies have previ-
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els of HER2/neu21). We find that five of the eight melanoma
lines express significant levels of HER2U, as analyzed by flow
cytometry, although their levels of expression were somewhat
lower than that seen in the ovarian carcinoma lines. Two of the ™
freshly isolated melanoma samples from which these tumor lines
were established (BL and BE) were also analyzed for HERZ2/
expression by immunohistochemistry and were found to express
HER2/neu(data not shown), demonstrating that their HER2/
expression was not induced by in vitro culture. Four of these mel- ;.
anoma lines were killed by our HER2/neu-specific CTL, although
two (BE and FM-3D) only to a relatively low degree. The speci-
ficity of the killing of the melanoma lines by HER®u-specific 12
CTL was further confirmed by cold target competition assays. Our
finding of HER2/neu-specific CTL killing of melanomas may ;5
broaden the potential use of immunotherapy based on HER2/

2.

&roach will be useful in developing protocols for epitope-based
immunotherapy against various carcinomas.

Rosenberg, S. A, B. S. Packard, P. M. Aebersold, D. Solomon, S. L. Topalian,
S. T. Toy, P. Simon, M. T. Lotze, J. C. Yang, and C. A. Seipp. 1988. Use of
tumor-infiltrating lymphocytes and interleukin-2 in the immunotherapy of pa-
tients with metastatic melanoma: a preliminary repdrtEngl. J. Med. 319:1676.
Mayordomo, J. I., T. Zorina, W. J. Storkus, L. Zitvogel, C. Celluzzi, L. D. Falo,
C. J. Melief, S. T. lldstad, W. M. Kast, and A. B. Deleo. 1995. Bone marrow-
derived dendritic cells pulsed with synthetic tumor peptides elicit protective and
therapeutic antitumor immunitjNat. Med. 1:1297.

Traversari, C., P. van der Bruggen, I. F. Luescher, C. Lurquin, P. Chomez,
A. Van Pel, E. De Plaen, A. Amar-Costesec, and T. Boon. 1992. A nonapeptide
encoded by human gene MAGE-1 is recognized on HLA-A1 by cytolytic T
lymphocytes directed against tumor antigen MZ2JEExp. Med. 176:1453.

Cox, A. L., J. Skipper, Y. Chen, R. A. Henderson, T. L. Darrow, J. Shabanowitz,
V. H. Engelhard, D. F. Hunt, and C. L. Slingluff, Jr. 1994. Identification of a
peptide recognized by five melanoma-specific human cytotoxic T cell IBas.
ence 264:716.

Coulie, P. G., V. Brichard, A. Van Pel, T. Wolfel, J. Schneider, C. Traversari,
S. Mattei, E. De Plaen, C. Lurquin, and J. P. Szikora. 1994. A new gene coding
for a differentiation antigen recognized by autologous cytolytic T lymphocytes on
HLA-A2 melanomasJ. Exp. Med. 180:35.

Kawakami, Y., S. Eliyahu, C. H. Delgado, P. F. Robbins, K. Sakaguchi,
E. Appella, J. R. Yannelli, G. J. Adema, T. Miki, and S. A. Rosenberg. 1994.
Identification of a human melanoma antigen recognized by tumor-infiltrating
lymphocytes associated with in vivo tumor rejecti@mnoc. Natl. Acad. Sci. USA
91:6458.

0202 ‘6 Joquadaq uo 1s9nb Aq /B1o’ jounwiw i [:mamm//:dny wodj papeo [um

. Kawakami, Y., S. Eliyahu, K. Sakaguchi, P. F. Robbins, L. Rivoltini,

J. R. Yannelli, E. Appella, and S. A. Rosenberg. 1994. Identification of the im-
munodominant peptides of the MART-1 human melanoma antigen recognized by
the majority of HLA-A2-restricted tumor infiltrating lymphocytes. Exp. Med.
180:347.

8. Brichard, V., A. Van Pel, T. Wolfel, C. Wolfel, E. De Plaen, B. Lethe, P. Coulie,

and T. Boon. 1993. The tyrosinase gene codes for an antigen recognized by
autologous cytolytic T lymphocytes on HLA-A2 melanomdsExp. Med. 178:
4809.

9. Kawakami, Y., S. Eliyahu, C. Jennings, K. Sakaguchi, X. Kang, S. Southwood,

P. F. Robbins, A. Sette, E. Appella, and S. A. Rosenberg. 1995. Recognition of
multiple epitopes in the human melanoma antigen gp100 by tumor-infiltrating T
lymphocytes associated with in vivo tumor regressibnimmunol. 154:3961.

0. Tsai, V., S. Southwood, J. Sidney, K. Sakaguchi, Y. Kawakami, E. Appella,

A. Sette, and E. Celis. 1997. Identification of subdominant CTL epitopes of the
gpl00 melanoma-associated tumor antigen by primary in vitro immunization
with peptide-pulsed dendritic cell§. Immunol. 158:1796.

Celis, E., V. Tsai, C. Crimi, R. DeMars, P. A. Wentworth, R. W. Chesnut,
H. M. Grey, A. Sette, and H. M. Serra. 1994. Induction of anti-tumor cytotoxic
T lymphocytes in normal humans using primary cultures and synthetic peptide
epitopesProc. Natl. Acad. Sci. USA 91:2105.

Fisk, B., T. L. Blevins, J. T. Wharton, and C. G. loannides. 1995. Identification
of an immunodominant peptide of HER-2/nguotooncogene recognized by
ovarian tumor-specific cytotoxic T lymphocyte lineks.Exp. Med. 181:2109.
Yoshino, I., P. S. Goedegebuure, G. E. Peoples, A. S. Parikh, J. M. DiMaio,
H. K. Lyerly, A. F. Gazdar, and T. J. Eberlein. 1994. HER&I-derived peptides


http://www.jimmunol.org/

1044

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

are shared antigens among human non-small cell lung cancer and ovarian cance?.
Cancer Res. 54:3387.

loannides, C. G., R. S. Freedman, C. D. Platsoucas, S. Rashed, and Y. P. Kim.
1991. Cytotoxic T cell clones isolated from ovarian tumor-infiltrating lympho-
cytes recognize multiple antigenic epitopes on autologous tumor delisimu-
nol. 146:1700.

Peoples, G. E., P. S. Goedegebuure, J. V. Andrews, D. D. Schoof, and
T.J. Eberlein. 1993. HLA-A2 presents shared tumor-associated antigens derivegg.
from endogenous proteins in ovarian canderimmunol. 151:5481.

Peoples, G. E., I. Yoshino, C. C. Douville, J. V. Andrews, P. S. Goedegebuure,
and T. J. Eberlein. 1994. TCRBA3" and V86" CTL recognize tumor-associated 30
antigens related to HER®2¢u expression in HLA-AZ ovarian cancers]. Im- ’
munol. 152:4993.

Coussens, L., T. L. Yang-Feng, Y. C. Liao, E. Chen, A. Gray, J. McGrath,sl'
P. H. Seeburg, T. A. Libermann, J. Schlessinger, and U. Francke. 1985. Tyrosine
kinase receptor with extensive homology to EGF receptor shares chromosomal
location withneuoncogeneScience 230:1132.

Linehan, D. C., P. S. Goedegebuure, G. E. Peoples, S. O. Rogers, ant?-
T. J. Eberlein. 1995. Tumor-specific and HLA-A2-restricted cytolysis by tumor-
associated lymphocytes in human metastatic breast caficémmunol. 155:

4486.

Peoples, G. E., P. S. Goedegebuure, R. Smith, D. C. Linehan, I. Yoshino, and3.
T. J. Eberlein. 1995. Breast and ovarian cancer-specific cytotoxic T lymphocytes
recognize the same HER®u-derived peptideProc. Natl. Acad. Sci. USA 92:

432.

Kawashima, I., S. J. Hudson, V. Tsai, S. Southwood, K. Takesako, E. Appella34.
A. Sette, and E. Celis. 1998. The multi-epitope approach for immunotherapy for
cancer: identification of several CTL epitopes from various tumor-associated an-
tigens expressed on solid epithelial tumddsim. Immunol. 59:1.

Bodey, B., B. Bodey, Jr., A. M. Groger, J. V. Luck, S. E. Siegel, C. R. Taylor, 35,
and H. E. Kaiser. 1997. Clinical and prognostic significance of the expression of
the c-erbB-2and c-erbB-3oncoproteins in primary and metastatic malignant
melanomas and breast carcinom@sticancer Res. 17:1319.

loannides, C. G., C. D. Platsoucas, S. Rashed, J. T. Wharton, C. L. Edwards, a
R. S. Freedman. 1991. Tumor cytolysis by lymphocytes infiltrating ovarian ma-
lignant ascitesCancer Res. 51:4257.

Romani, N., S. Gruner, D. Brang, E. Kampgen, A. Lenz, B. Trockenbacher,
G. Konwalinka, P. O. Fritsch, R. M. Steinman, and G. Schuler. 1994. Prolifer- 37
ating dendritic cell progenitors in human bloaH.Exp. Med. 180:83. ’
Sallusto, F., and A. Lanzavecchia. 1994. Efficient presentation of soluble antigen

28.

by cultured human dendritic cells is maintained by granulocyte/macrophage col+
ony-stimulating factor plus interleukin 4 and down-regulated by tumor necrosis
factor a. J. Exp. Med. 179:1109.

Wasserman, K., M. M. Corsi, L. Szekel, K. Kono, H. H. Maes, and R. Kiessling.
1997. Conversion of in vitro cultured human monocytes into effective presenters
of an HER2/neu-encoded CTL peptide epitofeand. J. Immunol. 45:678.
Rongcun, Y., H. Maes, M. Corsi, F. Dellner, T. Wen, and R. Kiessling. 1998.
Interferony impairs the ability of monocyte-derived dendritic cells to present
tumor-specific and allo-specific antigens and reduces their expression of CD1A40.
CD80 and CD4Cytokine 10:747.

%. Peiper, M., P. S. Goedegebuure, D. C. Linehan, E. Ganguly, C. C. Douville, and

38. Salazar-Onfray, F., T. Nakazawa, V. Chhajlani, M. Petersson, K. Karre,

39. Xia, Y., R. Muceniece, and J. E. Wikberg. 1996. Immunological localization of

IDENTIFICATION OF NEW HER2heu-DERIVED PEPTIDE EPITOPES

Sette, A., J. Sidney, M. F. del Guercio, S. Southwood, J. Ruppert, C. Dahlberg,
H. M. Grey, and R. T. Kubo. 1994. Peptide binding to the most frequent HLA-A
class | alleles measured by quantitative molecular binding asstfsimmunol.
31:813.

Ruppert, J., J. Sidney, E. Celis, R. T. Kubo, H. M. Grey, and A. Sette. 1993.
Prominent role of secondary anchor residues in peptide binding to HLA-A2.1
molecules Cell 74:929.

Zemmour, J., A. M. Little, D. J. Schendel, and P. Parham. 1992. The HLA-A,B
“negative” mutant cell line C1R expresses a novel HLA-B35 allele, which also
has a point mutation in the translation initiation coddnimmunol. 148:1941.
Salter, R. D., and P. Cresswell. 1986. Impaired assembly and transport of HLA-A
and -B antigens in a mutantB cell hybrid. EMBO J. 5:943.

Kono, K., E. Halapi, C. Hising, M. Petersson, E. Gerdin, F. Vanky, and
R. Kiessling. 1997. Mechanisms of escape from CDOBcell clones specific for

the HER-2/neproto-oncogene expressed in ovarian carcinomas: related and un-
related to decreased MHC class 1 expression.J. Cancer 70:112.

Kono, K., Y. Rongcun, J. Charo, F. Ichihara, E. Celis, A. Sette, E. Appella,
T. Sekikawa, Y. Matsumoto, and R. Kiessling. 1998. Identification of HER2/
neu-derived peptide epitopes recognized by gastric cancer-specific cytotoxic T
lymphocytesInt. J. Cancer 78:202.

Van Elsas, A., H. W. Nijman, C. E. Van der Minne, J. S. Mourer, W. M. Kast,
C. J. Melief, and P. I. Schrier. 1995. Induction and characterization of cytotoxic
T-lymphocytes recognizing a mutated fZIpeptide presented by HLA-A*0201.

Int. J. Cancer 61:389.

Houbiers, J. G., H. W. Nijman, S. H. van der Burg, J. W. Drijfhout, P. Kenemans,
C. J. van de Velde, A. Brand, F. Momburg, W. M. Kast, and C. J. Melief. 1993.
In vitro induction of human cytotoxic T lymphocyte responses against peptides of
mutant and wild-type p53ur. J. Immunol. 23:2072.

Brossart, P., G. Stuhler, T. Flad, S. Stevanovic, H. G. Rammensee, L. Kanz, and 8_
W. Brugger. 1998. Her-Beu-derived peptides are tumor-associated antigens ex-
pressed by human renal cell and colon carcinoma lines and are recognized by in =1
vitro induced specific cytotoxic T lymphocyteSancer Res. 58:732. ;

0|UMOQ

0.

T. J. Eberlein. 1997. The HER®u-derived peptide p654-662 is a tumor-asso-
ciated antigen in human pancreatic cancer recognized by cytotoxic T lympho-
cytes.Eur. J. Immunol. 27:1115.

Torre, E. A., V. Salimbeni, and R. A. Fulco. 1997. TédB 2 oncogene and
chemotherapy: a mini-reviewl. Chemother. 9:51.

G. Masucci, E. Celis, A. Sette, S. Southwood, E. Appella, and R. Kiessling. 1997.
Synthetic peptides derived from the melanocyte-stimulating hormone receptor
MC1R can stimulate HLA-A2-restricted cytotoxic T lymphocytes that recognize
naturally processed peptides on human melanoma ¢discer Res. 57:4348.

melanocortin 1 receptor on the cell surface of WM266-4 human melanoma cells.
Cancer Lett. 98:157.

Peoples, G. E., D. D. Schoof, J. V. Andrews, P. S. Goedegebuure, and
T. J. Eberlein. 1993. T-cell recognition of ovarian can&urgery 114:227.

0202 ‘6 Joquedaq uo 159nb Aq /Hio’ jounwiwi:mmmy/:dny


http://www.jimmunol.org/



