inserm-00276016, version 1 - 10 Apr 2009

Author manuscript, published in "European Journal Of Haematology 2008;81(1):26-35"
DOI : 10.1111/5.1600-0609.2008.01076.x

IDENTIFICATION OF HLA-A2 RESTRICTED T-CELL EPITOPES WITHIN
THE CONSERVED REGION OF THE IMMUNOGLOBULIN G HEAVY-
CHAIN IN PATIENTS WITH MULTIPLE MYELOMA

SEBASTIAN BELLE'®, FANG HAN'®, MAUD CONDOMINES®*, OLAF CHRISTENSEN', MATHIAS
WITZENS-HARIG?, BERND KASPER!, CHRISTIAN KLEIST?, PETER TERNESS?, MARION MOOS?,
FRIEDRICH CREMER!, DIRK HOSE', ANTHONY D. Ho!, HARTMUT GOLDSCHMIDT!, BERNARD
KLEIN®*, MICHAEL HUNDEMERY

! DEPARTMENT OF INTERNAL MEDICINE V, UNIVERSITY OF HEIDELBERG;

2 DEPARTMENT OF TRANSPLANTATION IMMUNOLOGY, UNIVERSITY OF HEIDELBERG;

3 INSERM, U475, MONTPELLIER, FRANCE;

4 CHU MONTPELLIER, INSTITUTE OF RESEARCH IN BIOTHERAPY, MONTPELLIER, FRANCE.

8 BOTH AUTHORS CONTRIBUTED EQUALLY

* CORRESPONDING AUTHOR: MICHAEL HUNDEMER, DEPARTMENT OF INTERNAL MEDICINE V, UNIVERSITY OF HEIDELBERG,

INF 410, 69120 HEIDELBERG, GERMANY, E-MAIL MICHAEL.HUNDEMER @ MED.UNI-HEIDELBERG.


http://dx.doi.org/10.1111/j.1600-0609.2008.01076.x
http://www.hal.inserm.fr/inserm-00276016/fr/
http://hal.archives-ouvertes.fr

inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

1. ABSTRACT

Objective:

The aim of this study is the identification of HLA-A2 restricted T-cell epitopes in the
conserved region of the immunoglobulin-G-heavy-chain (lgGy) that can be used for
immunotherapy in Multiple Myeloma (MM) patients.

Methods:

After the IgGH gene sequence was scanned for HLA-A2 restricted T-cell epitopes with a high
binding affinity to the MHC-I-complex, promising nona-peptides were synthesized. Peptide
specific CD8" T-cells were generated from peripheral blood mononuclear cells (PBMC) of
healthy donors (HD) and patients with MM using peptide pulsed dendritic cells (DC) in vitro.
The activation and cytotoxicity of CD8" T-cells was analysed by IFN-y ELISpot-assay and
*IChromium release-assay. HLA-A2 restriction was proven by blocking T-cell activation with
anti-HLA-A2 antibodies..

Results:

Two HLA-A2 restricted T-cell epitopes - TLVTVSSAS derived from the IgGy-framework-
region 4 (FR4) and LMISRTPEV from the constant region (CR) - induced expansion of
specific CD8" T-cells from PBMC in 2 out of 3 (TLVTVSSAS) and 1 out of 3 (LMISRTPEV)
HD respectively. Specific T-cells were induced from PBMC in 2 out of 6 (TLVTVSSAS) and 8
out of 19 (LMISRTPEV) patients with MM. Specific CD8" T-cells also lysed peptide-pulsed
target cells in *’Chromium release-assay. LMISRTPEV specific CD8'T-cells from MM
patients lysed specifically the HLA-A2" IgG myeloma cell line XG-6.

Conclusion:

We identified two HLA-A2 restricted T-cell epitopes — TLVTVSSAS and LMISRTPEV — which
can yield an expansion of CD8" T-cells with the ability to kill peptide-loaded target cells and
HLA-A2" IgG" myeloma cells. We conclude that TLVTVSSAS and LMISRTPEV could be T-

cell epitopes for immunotherapy in MM patients.
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2. INTRODUCTION

High dose chemotherapy (HDC) and autologous stem cell transplantation (ABSCT) is
considered to be the gold standard in MM treatment. Complete remission with a prolonged
disease-free survival can be achieved in 25-40 % of the patients (1), depending on the
clinical trial. Immunotherapy might be a therapeutic option to improve these therapies.

In B-cell neoplasia the immunoglobulin (Ig) produced by tumor cells is a clonal marker
containing tumor-specific idiotype epitopes that can function as targets for T-cell-mediated
immune responses (2). Other putative antigens which can be used to develop
immunotherapy in patients with MM are cancer testis antigens, Sperm-17, MUC1 core
protein and HM1.24 (3-9).

The concept of idiotype vaccination as a treatment for murine plasmacytomas was first
mentioned by Lynch et al. 30 years ago (10). An activation of idiotype-specific T-cells through
vaccination with tumorprotein or autologous tumor protein-loaded DC was demonstrated in
vitro and in vivo (11-17). It was possible to reduce circulating clonal tumor cells by idiotype
vaccination in patients with MM stage | (16). In patients with malignant lymphomas, idiotype
vaccination can induce a complete molecular remission (18). The activation of cytotoxic T-
cells specific for idiotype peptides seems to be a promising tool for immunotherapeutic
protocols. However, it is a time consuming and expensive process to generate an individual

specific idiotype vaccine for each patient.

Trojan et al. (19) analysedT-cell epitopes within the Ig of 65 HLA-A2" patients with B-cell
malignancies and demonstrated that peptides derived from the Ig framework region (FR)
could induce cytotoxic T-cells able to lyse malignant B-cells. Harig et al (20) showed that
induction of cytotoxic T-cell responses against Ig FR-derived peptides was feasible in HD, as
well as in patients with B-cell malignancies, and that an improved T-cell activation can be
induced by heteroclitic peptides with a higher affinity to the MHC-1 molecule.

In this study we describe the identification of two novel peptides (TLVTVSSAS and
LMISRTPEV) within the FR4 and CR of the IgGy that are recognized by CD8" T-cells. It is
important to emphasize, that it was possible to generate peptide-specific T-cells which were
able to lyse specifically a HLA-A2" IgG" myeloma cell line, indicating that in vivo tolerance of
tumor specific T-cells might be overcome under optimal conditions.

The data suggests that TLVTVSSAS and LMISRTPEV are broadly applicable target

structures for specific T-cells in future immunotherapeutic trials in the treatment of MM.
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3. MATERIALS AND METHODS

Cell Lines

The HLA-A2" myeloma cell lines XG-6 (IgG), XG-19 (IgA) and the HLA-A2" myeloma cell line
XG-13 (IgG) were from B. Klein’s laboratory (21-23). The HLA-A2" breast adenocarcinoma
cell line MCF-7, the LP-1 myeloma cell line, the IM9 B-cell line and the K562 hematopoietic
cell line were obtained from the German Collection of Microorganisms and Cell Cultures
(Braunschweig, Germany). The HLA-A2" hybrid T2 cell line which is deficient in transporter-
of-antigenic-peptide (TAP) protein was obtained from the American Type Culture Collection
(Manassas, VA, USA). MCF-7, IM-9, LP-1, K562 and T2 were maintained in RPMI-1640,
supplemented with 10% heat-inactivated FCS, L-glutamine and penicillin / streptomycin
(Gibco Life Technologies, Eggenstein, Germany). XG-6, XG-13 and XG-19 were maintained
in RPMI-1640, 10% heat-inactivated FCS and 2 ng/ml of human recombinant IL-6 (AbCys

SA, Paris, France).

Prediction of peptides with high binding affinity to the MHC-1 complex within the IgG heavy-
chain

The sequence of the IgGy gene was scanned for HLA-A2 binding peptides using the
prediction software “SYFPEITHI* (Institute for Immunology, University of Tibingen,
Germany) (24) and the “BIMAS” software (Section of Biolnformatics & Molecular Analysis,
National Institutes of Health, USA) (25). Four nona-peptides which scored high in
“SYFPEITHI” and “BIMAS” were selected for further evaluation. Although TLVTVSSAS was
not a high ranking peptide in the prediction software it was also evaluated, because of the
position in the IgGy gene in the FR4 and the amino acid (aa) leucine (L) at the HLA-A2
anchor position 2 amino acid as a positive criteria for a good binding capacity to the MHC-I
complex . The predicted peptides were synthesized using standard procedures at the
peptide-synthesis-department of the German Cancer Research Center Heidelberg (DKFZ,
Heidelberg, Germany).

Peripheral blood mononuclear cells (PBMC) for the in vitro expansion of peptide specific T-
cells

PBMCs from HLA-A2" HD (Institute for Immunology, Blutbank, University of Heidelberg,
Heidelberg, Germany) or MM patients were purified using ficoll-paque density centrifugation
(Biochrom, Berlin, Germany). HLA-A typing was performed with flowcytometry using a flow

cytometer (FACS Calibur, Becton Dickinson).

In vitro obtaining of DC
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Immature DC were obtained through culturing plastic adherent PBMCs from HLA-A2" HD for
5 days with GM-CSF (800 U/ml, Molgramostim, Essex Pharma, Minchen, Germany), and IL-
4 (500 U/ml, R&D), and subsequently induced into mature DC for 2 days with TNF-a (10
ng/ml, Sigma-Aldrich, Deisenhofen, Germany), IL-6 (1000 U/ml, R&D systems, Abingdon,
Oxon, United Kingdom) and prostaglandin E2 (1 pg/ml, Sigma-Aldrich, Deisenhofen,
Germany) (26).

In vitro Expansion of Peptide-specific T-cells with autologous DC and PBMC

DC were pulsed with IgGy peptides (10 pg/ml) in a serum free RPMI1640 medium for two
hours, and 5 x 10° peptide-loaded DC were cultured with 2,5 x 10° autologous PBMC in
RPMI1640 and a 5 % human AB-serum for 7 days. T-cells were then restimulated with
autologous peptide-loaded PBMC and IL-2 (50 U/ml) for 7 days, this restimulation was
repeated 3 times. At the end of the third restimulation, T-cell function was studied.

IFN-y ELISpot-Assay

The expanded T-cells were CD8 purified using immunomagnetic methods (MACS-system
[Miltenyi Biotec, Bergisch Gladbach, Germany]). Their specificity was assayed with an IFN-y
ELISpot-assay. Expanded CD8" T-cells were incubated with peptide-loaded T2 cells as
targets in anti-IFN-y-antibody [Mabtech AB, Nacka, Sweden] coated nitrocellulose-plates
[Millipore, Eschborn, Germany] for 48 h. T2 cells were incubated with IgGy peptides or
control peptides for 2 h (10 pg/ml).

To evaluate T-cell activation in ELISpot, we used the criteria established 2002 by Keilholz et
al. The number of spots had to exceed the control by ten spots and the difference between
the single values of the three wells containing the relevant peptide and the three control
wells, had to be significant measured with the unpaired t-test (P< 0,05) (27). As irrelevant
peptide we used HLA-A2 restricted nonamers. In addition, the differences in the number of
IFN-y ELISpot per well between T2 cells loaded with TLVTVSSAS and LMISRTPEV or T2
cells loaded with an irrelevant peptide, were analysed with the Wilcoxon's signed rank test for
paired data.

MHC-I restriction was verified using blocking anti-HLA-A2 antibodies or isotype-matched
control antibodies [One Lambda, Krefeld, Germany]. After detection with biotinylated anti-
cytokine-antibodies [Mabtech AB, Nacka, Sweden] and conjugation with Avidin ALP [Sigma,
Deisenhofen, Germany], the substrate BCIP / NBT was added [Sigma, Deisenhofen,
Germany]. The assays were analysed with a computer controlled microscope [Zeiss-Vision,

Eching, Germany].

*Chromium release-Assay
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The functional characteristics of the 1gG, specific cytotoxic T-Lymphocytes (CTL) were
analysed using the *Chromium release-assay. MM cell lines and T2 cells were used as
target cells. Briefly, target cells were labelled with *'Cr and incubated for 2 h. After washing,
target cells were seeded out in a 96-well round bottom plate and effector cells were added.
After an incubation period of 4 h (37° C, 5% CO,), 75 pl supernatant were harvested. The
activity was measured using a y-plate-counter [Perkin Elmer, Boston USA]. The
spontaneous and maximal release was determined in the presence of either medium or 2%
Triton X-100, respectively. The specific lysis was calculated as follows: ((test — spontaneous
release) / (maximal release - spontaneous release)) x 100 = specific lysis %. In figure 3 a
and b we used an effector: target ratio of 5:1. In figure 4a and b effector: target ratios ranging

from 1:1 up to 90:1 were used.

Sequencing the Ig heavy-chain

The sequencing of the IgGy gene CDR and FR regions were performed using bone marrow
samples obtained from 8 patients with newly diagnosed MM (data not shown). Total RNA
was isolated and amplified in a consensus PCR after reverse transcription. FR1C, FR2A with
VH5, VH6 (28) and FR3A (29) were used as sense -primers, LJH (29) or a mixture of
JH1245, JH3 and JH6 (28) were used as antisense-primers. After amplification with an
annealing-temperature of 61° C, PCR-products were separated by agarose gel
electrophoresis. PCR-products were purified using the EasyPure DNA Purification Kit
[Biozym, Gottingen, Germany], subsequently cloned and sequenced. The V-D-J-
rearrangement of the malignant clone was identified by its repeated appearance.

For the sequencing of the FR3A — IgGy Region of the IM9 and LP-1 cell lines, RNA was
isolated and amplified in a consensus PCR after reverse transcription. cFR3A was used as
sense primer and clgGy as antisense- primer. PCR-products were purified using the
EasyPure DNA Purification Kit [Biozym, Goéttingen, Germany], subsequently cloned and

sequenced.
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4. RESULTS

Prediction of peptides with a high affinity to the MHC-I complex within IgGy

Five selected peptides with a high probability of binding and their respective “BIMAS” and
“SYFPEITHI” score were listed in Table 1. The TLVTVSSAS sequence within FR4 is nearly
conserved in the LP-1 myeloma cell line, the EBV transformed cell line IM9 (data not shown)
and the sequence were previously described by crystallography in monoclonal IgGy from
patients with MM (30, 31). The LMISRTPEV peptide is located within the CR of the IgGy and
was also previously described by crystallographic investigations in IgGy of patients with MM
(30, 31).

In vitro Expansion of peptide-specific T-cells

Table 2 summarizes the results of the performed IFN-y specific ELISpot assays in HD and
MM patients using in-vitro expanded peptide specific CD8" T-cells from peripheral blood.

We significantly generated TLVTVSSAS specific T-cells using peripheral blood from 3 out of
5 ELISpots of HD (10000 CD8" T-cells / well, median IFN-y spot number 70, range 63 - 150,
P=.0039), and 2 out of 6 MM patients (10000 CD8" T-cells / well, median IFN-y spot number
109, range 5 - 190, P= .0012) (table 2). Specific T-cells to LMISRTPEV were generated
using peripheral blood from 1 out of 4 ELISpot of HD (10000 CD8" T-cells / well median IFN-
y spot number 102.5, range 41 - 179, P=.0195) and 8 out of 19 MM patients (10000 CD8" T-
cells / well median IFN-y spot number 60, range 6 - 227, P< .0001) (table 2). No difference in
activation of T-cells was found in IgG MM patients compared to MM patients with other Ig
isotypes (table 3). The other three peptides from the FR were not further studied because
there was no significant activation of T-cells in ELISpot analysed with the Wilcoxon's signed
rank test for paired data (table 2).

Figure 1a shows the numbers of IFN-y ELISpots obtained from 3 different HD and 6 MM
patients after a 2 to 3 week stimulation of T-cells with the TLVTVSSAS (457) peptide. T2
cells pulsed with the TLVTVSSAS peptide, or an irrelevant peptide, were used as target
cells. A significant amplification of peptide-specific T-cells was found for 2 out of 3 HD and 3
out of 6 patients with MM. In two experiments, we used the longer 15-mer
QGTLVTVSSASTKGP peptide (538) to activate and expand T-cells and a similar activation
by TLVTVSSAS pulsed T2 cells was found in 1 patient (figure 1a).The LMISRTPEV peptide
(578) was also very efficient in activating T-cells in 1 out of 3 HD and 8 out of 19 MM patients
(figure 2a,b). The 15-mer KDTLMISRTPEVTC peptide (577) was used in 4 patient and
showed yielding an efficient activation of T-cells by LMISRTPEV peptide-pulsed T2 cells in 3

patients (figure 2a).
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HLA-A2 restricted presentation of TLVTVSSAS and LMISRTPEV

The activation of CD8 T-cells by T2 cells pulsed with TLVTVSSAS or LMISRTPEV peptides
was blocked by HLA-A2 antibodies, while the isotype-matched control antibodies did not
block the activation (Figures 1b, 2b and 2c). This indicated the HLA-A2 restriction of
TLVTVSSAS and LMISRTPEYV presentation.

Cytotoxicity of TLVTVSSAS and LMISRTPEV specific CD8" T-cells against peptide pulsed
T2 cells or myeloma cells.

In vitro generated TLVTVSSAS or LMISRTPEV specific CD8" T-cells were able to efficiently
kill T2 cells pulsed with the specific peptide, unlike T2 cells pulsed with an irrelevant peptide
(lysis 31% vs 4,32% and 15% vs 1%; 15% vs 1% and 22,7% vs 1%) (Figures 3a and 3b) for
an E:T-ratio of 5:1, while there was no lysis for an E:T-ratio of 1:1. In addition, we found that
LMISRTPEV specific T-cells efficiently killed the HLA-A2" IgG* XG-6 myeloma cell line. As a
control, these LMISRTPEV specific T-cells weakly killed the HLA-A2 1gG* XG13 myeloma
cell line or the HLA-A2" IgA™ XG-19 myeloma cell line in MM patients (figure 4).
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5. DIsCcUsSION

The idiotype can be a highly specific tumor associated antigen (19, 32-34), but its use as a
target for a peptide-based immunotherapy is compromised by the singularity of the idiotype
antigen for each individual patient. In a cost and time consuming process one has to produce
a patient-specific peptide. Peptides from conserved regions of the immunoglobulin like the
FR-4 and CR are found on 100 % of primary IgG myeloma cells and can be used in a
majority of the patients. Therefore, the identification of T-cell epitopes within these regions
can provide a new tool for a common applicable immunotherapy against MM. To begin with,
we scanned the amino acid sequence of the IgGy gene for HLA-A2 restricted peptides with a
high binding affinity to the MHC-I complex. We identified two peptides (TLVTVSSAS and
LMISRTPEV) in the FR4 and CR of IgG. The TLVTVSSAS peptide was predicted by the
BIMAS software with an average probability of binding to HLA-A2 molecules. In the literature
TLVTVSSAS is described in crystallographic analysis to be a highly conserved part of the
FR4 (30, 31). We found an aberration of one amino acid in LP-1 and two amino acids in IM-9
cell lines, compared to the sequence described in the literature. A Blast homology search
showed that TLVTVSSAS is commonly expressed on plasma cells. LMISRTPEV has a high
binding-score in the SYFPEITHI prediction software and because it is derived from the CR of
the 1gGy (described in crystallographic analysis (30, 31) it was supposed to be presented by
all the 1IgG myeloma cells.

We analyzed TLVTVSSAS / LMISRTPEYV as potential new T-cell epitopes within FR-4 / CR
in a gradual approach. In a first step we could show that peptide-specific T-cells could be
generated in PBMC from HD. We then confirmed the HLA restricted specificity with antibody
blocking experiments and could show the activation of TLVTVSSAS / LMISRTPEV-specific
T-cells by DC pulsed with QGTLVTVSSASTKGP / KDTLMISRTPEVTCYV the larger peptides.
We could also show that the LMISRTPEV peptide is presented as an epitope on the XG-6
myeloma cell line, since LMISRTPEV-specific CD8" T-cells could kill the HLA-A2" IgG* XG-6
myeloma cell line more efficiently than the HLA-A2" I1gG" XG-13 myeloma cell line or the
HLA-A2 IgG* XG-19 myeloma cell line.

In MM there are high amounts of immunoglobulin in the serum, so one could speculate that
an anergy of the T-cells exists against epitopes from the immunoglobulin. We were able to
generate and expand specific T-cells from patient with IgG myeloma and patients with other
kinds of isotype, therefore we could show that specific T-cell can be generated, although
these cells were exposed to high amounts of the targeted protein (Table 3).

So far there are only few reports published focusing on the T-cell response against FR of
IgG. Recently Harig et al. described the effective generation of specific CTL using natural

peptides and heteroclytic peptide from the FR of IgG (20). This indicates the absence of a T-
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cell tolerance against the self peptides at least in an in vitro model. While Bogen described a
negative correlation between the amount of monoclonal protein and the capacity of idiotype
specific T-cells to protect against MM (35). Trojan (19) described a lower lysis of CLL-cells by
specific T-cells directed against Ig-derived peptides, compared to normal B-cells, that may be
due to the fact, that there is a lower expression of Ig-peptides on CLL cells. In MM, we
expect an over expression of these peptides in case of IgG myeloma. Hansson et al. (33)
found that the majority of the peptides with a high binding affinity to the MHC-I complex were
found in the CDR rather than in the FR of patients with MM. Controversially, Trojan et al. (19)
described the FR as location of peptides with a high binding affinity to the MHC-I complex.

A finding that needs to be discussed is that an immune response against FR4 / CR could
result in a defect in the B-cell repertoire because normal B-cells express the FR4 peptides.
From the clinical use of Rituximab, an antibody against CD20, we know that the treatment
did not reveal severe side effects despite complete depletion of the CD20" B-cell
compartment.

Because TLVTVSSAS and LMISRTPEV are not found in IgA or IgD heavy-chain (36, 37), a
clinical trial with the IgGy peptides should be focused on patients with IgG myeloma which is
the most common form of MM.

In conclusion this is the first report about the identification of the TLVTVSSAS T-cell epitope
within the FR4 and the identification of the LMISRTPEV T-cell epitope within the CR. It was
possible to generate specific T-cells against an antigen that is physiologically expressed on
B-cells, as well as over expressed and secreted in the case of IgG myeloma. Therefore, we
expect high amounts of this antigen in the serum. One could speculate, that there might be
an anergy against these peptides, but we know from in vitro (14, 19, 38, 39) and in vivo data
(11-15, 40, 41) from the investigation of idiotype-peptides, that this is not the case. Our data
confirms these observations. Further in vivo studies need to evaluate the potency of
TLVTVSSAS / LMISRTPEV as targets for a T-cell based immunotherapy against MM.

The fact that ultimately all patients with MM relapse even after HDC and ABSCT and the
concomitant observation that even in the case of a “complete remission”, residual MM cells
remain detectable, emphasize the interest of vaccination strategies that might allow
eradicating residual MM cells. Vaccination could be initiated directly after HDC and graft of
haematopoietic stem cells and also T cells (42) in order to use the “lymphodepletion
window” associated with the effect of HDC and concomitant endogenous production of
several cytokines, as reported in a murine melanoma model and patients with melanoma
(43) (44).

This strategy is further promoted by the fact that in patients with MM, the efficacy of T-cells to
pneumococcal antigens was stronger when they were injected 14 days after HDC rather than
three months after HDC (45).
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6. LEGENDS

Table 1. Predicted peptides.

The IgGy gene-sequence of 8 patients (data not shown) was scanned for HLA-A2 restricted
T-cell epitopes using the BIMAS and SYFPEITHI prediction software. The table shows 4
peptides derived from the framework region (FR) with the highest probability of binding to
HLA-A2. The peptide from the constant region (CR) was identified in previous
crystallographic investigations (30, 31).

Table 2. Detection of peptide-specific CD8 T cells with IFN-y ELISpot-assay.
Experiments were done with PBMCs from HLA-A2" HD (a) or HLA-A2" MM patients (b).

CD8" T-cell activation was measured by IFN-y ELISpot assay. To evaluate T-cell activation
of each single T cell line in ELISpot, we used the criteria established 2002 by Keilholz et al.
The number of spots had to exceed the control by ten spots and the difference between the
single values of the three wells containing the relevant peptide and the three control wells,
had to be significant measured with the unpaired t-test (P< 0,05) (27). All experiments were
assed in triplets. We then analysed the statistical difference between the T2 cells loaded with
TLVTVSSAS and LMISRTPEV or T2 cells loaded with an irrelevant peptide of all done T cell

lines, with a Wilcoxon test for pairs.

Table 3. Patient characteristics.

26 patients with MM were tested for an in vitro generation of peptide-specific T-cells from
peripheral blood by ELISpot or *’Chromium-release assay. Assays were conducted with
peptide TLVTVSSAS (457) / QGTLVTVSSASTKGP (538) or LMISRTPEV (578) /
KDTLMISRTPEVTCV (577). A plus (+) sign indicates a significant ELISpot-assay, cyt a

*Chromium-release assay. Status refers to the collection date of the patient PBMC.
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Figure 1. HLA-AZ2 restricted presentation of TLVTSSAS peptide.

a. PBMC from HD or MM patients were stimulated three times with autologous PBMC pulsed
with TLVTVSSAS (457) or QGTLVTVSSASTKGP (538). CD8" T-cells were purified and
stimulated with T2 cells pulsed with TLVTVSSAS or an irrelevant peptide. The number of
IFN-y secreting T-cells was determined with an ELISpot-assay and compared with a
Wilcoxon test for pairs. The error bars indicate the standard deviation. An asterisk (*)
indicates a significant difference (P< .05).

b. TLVTVSSAS (457) or QGTLVTVSSASTKGP (538) peptide-specific CD8" T-cells from 2
HLA-A2" HD were incubated with TLVTVSSAS pulsed T2 target cells and HLA-A2 blocking
antibodies or isotype-matched control antibodies. T2 cells pulsed with an irrelevant peptide
were used as negative control. The error bars indicate the standard deviation. Results were
compared with a Wilcoxon test for pairs and an asterisk (*) indicates a significant difference
(P<.05).

Figure 2. HLA-AZ2 restricted presentation of LMISRTPEV peptide.

a. PBMC from HD or MM patients were stimulated three times with autologous DC pulsed
with LMISRTPEV (578) or KDTLMISRTPEVTCV (577). CD8 T-cells were purified and
stimulated with T2 cells pulsed with LMISRTPEV or an irrelevant peptide. The number of
IFN-y secreting T-cells was counted by ELISpot-assay and compared with a Wilcoxon test for
pairs. The error bars indicate the standard deviation. An asterisk (*) indicates a significant
difference (P<.05).

b. LMISRTPEV (578) and KDTLMISRTPEVTCYV (577) peptide specific CD8" T-cells from one
HLA-A2" HD were incubated with LMISRTPEV pulsed T2 target cells together with HLA-A2
blocking antibodies or isotype-matched control antibodies. T2 cells pulsed with an irrelevant
peptide were used as negative control. Results are the number of IFN-y ELISpots and were
compared with a Wilcoxon test for pairs. The error bars indicate the standard deviation. An
asterisk (*) indicates a significant difference (P< .05).

c. LMISRTPEV (578) and KDTLMISRTPEVTCYV (577) peptide specific CD8" T-cells from two
HLA-A2" MM patients were incubated with LMISRTPEV pulsed T2 target cells together with
HLA-A2 blocking antibodies or isotype-matched control antibodies. T2 cells pulsed with an
irrelevant peptide were used as negative control. Results are the number of IFN-y ELISpots
and were compared with a Wilcoxon test for pairs. The error bars indicate the standard

deviation. An asterisk (*) indicates a significant difference (P< .05).

Figure 3. lg-peptide specific cytotoxic T cells




inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

a. TLVTVSSAS (457) and QGTLVTVSSASTKGP (538) peptide specific CD8" T-cells from
HD were incubated with TLVTVSSAS or irrelevant peptide pulsed T2 cells as target cells. T2
cells pulsed with an irrelevant peptide were used as negative control. The figure shows
results from a **Chromium release-assay with the specific lysis in %.

b. LMISRTPEV (578) peptide specific CD8" T-cells from two different MM patients were
incubated with LMISRTPEYV pulsed T2 cells as target cells. T2 cells pulsed with an irrelevant
peptide were used as negative control. The figure shows results from a **Chromium release-

assay with the specific lysis in %.

Figure 4. Killing of HLA-A2+ 1gG+ myeloma cells by Ig peptide specific T cells.

LMISRTPEV peptide specific CD8" T-cells from a HLA-A2" MM patient with a IgG
monoclonal protein (patient 13) were incubated with the HLA-2" IgG+ myeloma cell line XG-
6, the HLA-A2 1gG+ myeloma cell line XG-13, the HLA-A2" IgA+ myeloma cell line XG-19

and the cell lines MCF-7 and K562. The figure shows results from a **Chromium release-

assay with the specific lysis in %.
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Tables

Table 1 Predicted peptides

seguence region HLA type BIMAS score SYFPEITHI

score
Ty, min *
QLVESGAEV FR1 A2 285.163 26
SLRASDTAI FR 3 A2 0.793 21
GLVKPGGSL FR1 A2 2.777 24
TLVTVSSAS FR 4 A2 27.324 14
LMISRTPEV CR A2 85.394 27

# Estimate of half time of disassociation of a molecule containing this subsequence



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

Table 2 Detection of peptide-specific CD8 T cells with IFN-y ELISpot-assay

a.
Epitope IFN-y ELISPOT- Wilcoxon
assay signed rank test
positive [n] p-value
QLVESGAEV 1[7] 0,1284
SLRASDTAI 3 [10] 0,3222
GLVKPGGSL 2 [11] 0,219
TLVTVSSAS 3 [5] 0,0039
LMISRTPEV 1[4] 0,0195
b.
Epitope IFN-y ELISPOT-assay Wilcoxon
positive patients [n] singned rank test
TLVTVSSAS 2 [6] 0,0012
LMISRTPEV 8 [19] <0.0001
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Table 3. Patient characteristics.

Patient Stage Sex Isotype/ Tested Status Monoclonal protein

number lightchain Peptide serum/urine-level at
diagnosis

1 1A M 1gG kappa - 457/-538 remission 68.0 g/l

2 A M BJ kappa - 457/- 538 during chemotherapy n.e.

3 1A M IgA lambda + 457/+538 remission n.e.

4 A M 1gG lambda -457/-538/-578 during chemotherapy  37.1 g/l

5 1A M 1gG kappa + 457 remission 279 g/l

6 1A F 19G kappa +457 remission 56.0 g/l

7 A M 1gG lambda - 578/ -577 remission 100.0 g/l

8 1A F 1gG kappa + 578 remission 44.8 g/l

9 1B M IgD kappa +578/ +577 remission n.e.

10 A M BJ lambda -578/+577 prior chemotherapy 2320 mg/d

11 1A F IgA kappa -578 during chemotherapy 16.3 g/l

12 1A M BJ kappa +578 progressive disease 665 mg/d

13 1A M 1gG kappa - 578/+578 cyt prior chemotherapy 62.1 g/l

14 A F BJ lambda -578 remission 87 mg/d

15 1A M 19G kappa -578 prior chemotherapy 41.5 g/l.

16 A M BJ kappa + 578 remission n.e.

17 A F IgA kappa + 578/ cyt remission 39.2 g/l

18 A M 1gG kappa - 578/+577 remission 33.1 ¢/

19 A M 1gG kappa -578 during chemotherapy n.e.

20 1A M 19G kappa +578 remission n.e.

21 1A M BJ kappa -578 remission n.e.

22 A F BJ kappa - 578/-577 remission 8960 mg/I

23 A M IgA lambda Cyt remission 53.3 g/l

24 1B F 1gG kappa Cyt remission 12.0 g/l

25 A F 1gG kappa +578/+577 remission 45.0 g/l

26 MGUS M 19G kappa +578/+577 prior chemotherapy 155 g/l
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Figures
Figure 1. HLA-A2 restricted presentation of TLVTSSAS peptide.
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Figure 2. HLA-A2 restricted presentation of LMISRTPEV peptide.
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Figure 3. Ig-peptide specific cytotoxic T cells
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Figure 4. Killing of HLA-A2+ IgG+ myeloma cells by Ig peptide specific T cells.

(%] specificlysis

40

35 4

30 4

25 4

20 4

il

MM 13 (57E)ET -ratio 1:1

MM 13 (S7E)ET -ratio 31

MM 13 (578)E/T-ratic 1001
donors

MM 13 (578) /T -ratio 30:1

BAG-E

8613

%619

aKs62

aMeF.7

[l |

MM 13 (578) E/T -ratic 90:1



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

7. References

1. BLADE J, VESOLE DH, GERTZ M. HIGH-DOSE THERAPY IN MULTIPLE MYELOMA. BLOOD
2003;102(10):3469-70.

2. JANEWAY CAJ, SAKATO, N. & EISEN, H. N. RECOGNITION OF IMMUNGLOBULIN IDIOTYPES
BY THYMUS DERIVED LYMPHOCYTES. PROC. NATL. ACAD. Scl. USA 1975;72:2357-
2360.

3. HUNDEMER M, SCHMIDT S, CONDOMINES M, LUPU A, HOSE D, MOOS M, ET AL.

IDENTIFICATION OF A NEW HLA-A2-RESTRICTED T-CELL EPITOPE WITHIN HM1.24 AS
IMMUNOTHERAPY TARGET FOR MULTIPLE MYELOMA. EXP HEMATOL 2006;34(4):486-96.

4. VAN BAREN N, BRASSEUR F, GODELAINE D, HAMES G, FERRANT A, LEHMANN F, ET AL.
GENES ENCODING TUMOR-SPECIFIC ANTIGENS ARE EXPRESSED IN HUMAN MYELOMA
CELLS. BLOOD 1999;94(4):1156-1164.

5. CHol C, WITZENS M, BUCUR M, FEUERER M, SOMMERFELDT N, TROJAN A, ET AL.
ENRICHMENT OF FUNCTIONAL CD8 MEMORY T CELLS SPECIFIC FOR MUC1 IN BONE
MARROW OF PATIENTS WITH MULTIPLE MYELOMA. BLOOD 2005;105(5):2132-2134.

6. LIM SH, WANG Z, CHIRIVA-INTERNATI M, XUE Y. SPERM PROTEIN 17 IS A NOVEL CANCER-
TESTIS ANTIGEN IN MULTIPLE MYELOMA. BLOOD 2001;97(5):1508-10.

7. PELLAT-DECEUNYNCK C, MELLERIN MP, LABARRIERE N, JEGO G, MOREAU-AUBRY A,
HAROUSSEAU JL, ET AL. THE CANCER GERM-LINE GENES MAGE-1, MAGE-3 AND
PRAME ARE COMMONLY EXPRESSED BY HUMAN MYELOMA CELLS. EUR J IMMUNOL
2000;30(3):803-9.

8. TREON SP, RAJE N, ANDERSON KC. IMMUNOTHERAPEUTIC STRATEGIES FOR THE
TREATMENT OF PLASMA CELL MALIGNANCIES. SEMIN ONCoL 2000;27(5):598-613.

9. CONDOMINES M, HOSE D, REME T, HUNDEMER M, DE VOS J, BAUDARD M, ET AL.
CANCER/TESTIS GENES IN MULTIPLE MYELOMA: EXPRESSION PATTERN AND PROGNOSIS
VALUE DETERMINED BY MICROARRAY ANALYSIS. J IMMUNOL 2007;IN PRESS.

10. LYNCH RG, GRAFF RJ, SIRISINHA S, SIMMS ES, EISEN HN. MYELOMA PROTEINS AS
TUMOR-SPECIFIC TRANSPLANTATION ANTIGENS. PROC NATL ACADSCIUS A
1972;69(6):1540-4.

11. BERGENBRANT S, Y1 Q, OSTERBORG A, BJORKHOLM M, OsBY E, MELLSTEDT H, ET AL.
MODULATION OF ANTI-IDIOTYPIC IMMUNE RESPONSE BY IMMUNIZATION WITH THE
AUTOLOGOUS M-COMPONENT PROTEIN IN MULTIPLE MYELOMA PATIENTS. BR J
HAEMATOL 1996;92(4):840-6.



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

OSTERBORG A, Y1 Q, HENRIKSSON L, FAGERBERG J, BERGENBRANT S, JEDDI-TEHRANI
M, ET AL. IDIOTYPE IMMUNIZATION COMBINED WITH GRANULOCYTE-MACROPHAGE
COLONY-STIMULATING FACTOR IN MYELOMA PATIENTS INDUCED TYPE |, MAJOR
HISTOCOMPATIBILITY COMPLEX-RESTRICTED, CD8- AND CD4-SPECIFIC T-CELL
RESPONSES. BLOOD 1998;91(7):2459-2466.

MASSAIA M, BORRIONE P, BATTAGLIO S, MARIANI S, BEGGIATO E, NAPOLI P, ET AL.
IDIOTYPE VACCINATION IN HUMAN MYELOMA: GENERATION OF TUMOR-SPECIFIC IMMUNE
RESPONSES AFTER HIGH-DOSE CHEMOTHERAPY. BLOOD 1999;94(2):673-683.

TITZER S, CHRISTENSEN O, MANZKE O, TESCH H, WOLF J, EMMERICH B, ET AL.
VACCINATION OF MULTIPLE MYELOMA PATIENTS WITH IDIOTYPE-PULSED DENDRITIC
CELLS: IMMUNOLOGICAL AND CLINICAL ASPECTS. BR J HAEMATOL 2000;108(4):805-16.

REICHARDT VL, OKADA CY, LISO A, BENIKE CJ, STOCKERL-GOLDSTEIN KE, ENGLEMAN
EG, ET AL. IDIOTYPE VACCINATION USING DENDRITIC CELLS AFTER AUTOLOGOUS
PERIPHERAL BLOOD STEM CELL TRANSPLANTATION FOR MULTIPLE MYELOMA--A
FEASIBILITY STUDY. BLOOD 1999;93(7):2411-9.

RASMUSSEN T, HANSSON L, OSTERBORG A, JOHNSEN HE, MELLSTEDT H. IDIOTYPE
VACCINATION IN MULTIPLE MYELOMA INDUCED A REDUCTION OF CIRCULATING CLONAL
TUMOR B CELLS. BLOOD 2003;101(11):4607-4610.

CosciA M, MARIANI' S, BATTAGLIO S, DIBELLO C, FIORE F, FOGLIETTA M, ET AL. LONG-
TERM FOLLOW-UP OF IDIOTYPE VACCINATION IN HUMAN MYELOMA AS A MAINTENANCE
THERAPY AFTER HIGH-DOSE CHEMOTHERAPY. LEUKEMIA 2004;18(1):139-45.

BENDANDI M, GOCKE C, KOBRIN CB, BENKO F, LARS A, STERNAS R, ET AL. COMPLETE
MOLECULAR REMISSIONS INDUCED BY PATIENT-SPECIFIC VACCINATION PLUS
GRANULOCYTE—MONOCYTE COLONY-STIMULATING FACTOR AGAINST LYMPHOMA. NATURE
MEDICINE 1999;5(10):1171- 1177.

TROJAN A, SCHULTZE JL, WITZENS M, VONDERHEIDE RH, LADETTO M, DONOVAN JW,
ET AL. IMMUNOGLOBULIN FRAMEWORK-DERIVED PEPTIDES FUNCTION AS CYTOTOXIC T-
CELL EPITOPES COMMONLY EXPRESSED IN B-CELL MALIGNANCIES. NAT MED
2000;6(6):667-72.

HARIG S, WITZENS M, KRACKHARDT AM, TROJAN A, BARRETT P, BRODERICK R, ET AL.
INDUCTION OF CYTOTOXIC T-CELL RESPONSES AGAINST IMMUNOGLOBULIN V REGION-
DERIVED PEPTIDES MODIFIED AT HUMAN LEUKOCYTE ANTIGEN-A2 BINDING RESIDUES.
BLOOD 2001:98(10):2999-3005.

ZHANG XG, GAILLARD JP, ROBILLARD N, LU ZY, GU ZJ, JOURDAN M, ET AL.
REPRODUCIBLE OBTAINING OF HUMAN MYELOMA CELL LINES AS A MODEL FOR TUMOR
STEM CELL STUDY IN HUMAN MULTIPLE MYELOMA. BLOOD 1994;83(12):3654-63.



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

REBouIssou C, WIIDENES J, AUTISSIER P, TARTE K, COSTES V, LIAUTARD J, ET AL. A
GP130 INTERLEUKIN-6 TRANSDUCER-DEPENDENT SCID MODEL OF HUMAN MULTIPLE
MYELOMA. BLOOD 1998;91(12):4727-37.

LU ZY, CONDOMINES M, TARTE K, NADAL L, DELTEIL M, RossI JF, ET AL. B7-1 AND 4-
1BB LIGAND EXPRESSION ON A MYELOMA CELL LINE MAKES IT POSSIBLE TO EXPAND
AUTOLOGOUS TUMOR-SPECIFIC CYTOTOXIC T-CELLS IN VITRO. EXP HEMATOL 2007;IN
PRESS.

RAMMENSEE HG, FRIEDE T, STEVANOVIIC S. MHC LIGANDS AND PEPTIDE MOTIFS: FIRST
LISTING. IMMUNOGENETICS 1995;41(4):178-228.

PARKER KC, BEDNAREK MA, COLIGAN JE. SCHEME FOR RANKING POTENTIAL HLA-A2
BINDING PEPTIDES BASED ON INDEPENDENT BINDING OF INDIVIDUAL PEPTIDE SIDE-CHAINS.
J IMMUNOL 1994;152(1):163-75.

TARTE -KF, -G; R0OSSI,-J-F; KLEIN,-B. EXTENSIVE CHARACTERIZATION OF DENDRITIC
CELLS GENERATED IN SERUM-FREE CONDITIONS: REGULATION OF SOLUBLE ANTIGEN
UPTAKE, APOPTOTIC TUMOR CELL PHAGOCYTOSIS, CHEMOTAXIS AND T CELL ACTIVATION
DURING MATURATION IN VITRO. LEUKEMIA 2000;14(12):2182- 92.

KEILHOLZ U, WEBER J, FINKE JH, GABRILOVICH DI, KAST WM, DisIs ML, ET AL.
IMMUNOLOGIC MONITORING OF CANCER VACCINE THERAPY: RESULTS OF A WORKSHOP
SPONSORED BY THE SOCIETY FOR BIOLOGICAL THERAPY. J IMMUNOTHER
2002;25(2):97-138.

AUBIN J, DAVI F, NGUYEN-SALOMON F, LEBOEUF D, DEBERT C, TAHER M, ET AL.
DESCRIPTION OF A NOVEL FR1 IGH PCR STRATEGY AND ITS COMPARISON WITH THREE
OTHER STRATEGIES FOR THE DETECTION OF CLONALITY IN B CELL MALIGNANCIES.
LEUKEMIA 1995;9(3):471-9.

BRISCO MJ, TAN LW, ORSBORN AM, MORLEY AA. DEVELOPMENT OF A HIGHLY
SENSITIVE ASSAY, BASED ON THE POLYMERASE CHAIN REACTION, FOR RARE B-
LYMPHOCYTE CLONES IN A POLYCLONAL POPULATION. BR J HAEMATOL 1990;75(2):163-
7.

EDMUNDSON AB, WooD MK, SCHIFFER M, HARDMAN KD, AINSWORTH CF, ELY KR. A
CRYSTALLOGRAPHIC INVESTIGATION OF A HUMAN IGG IMMUNOGLOBULIN. J BIoL CHEM
1970;245(10):2763-4.

RAJAN SS, ELY KR, ABOLA EE, WooD MK, COLMAN PM, ATHAY RJ, ET AL. THREE-
DIMENSIONAL STRUCTURE OF THE McCG IGG1 IMMUNOGLOBULIN. MOL IMMUNOL
1983;20(7):787-99.

FAGERBERG J, GIGLIOTTI'Y, Q, HARMENBERG D, RUDE’'N U, PERSSON B, " AO, ET AL.
T- CELL EPITOPE MAPPING OF THE IDIOTYPIC MONOCLONAL IGG HEAVY AND LIGHT
CHAINS IN MULTIPLE MYELOMA. INT J CANCER 1999:80:671-680.



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

HANSSON L, RABBANI H, FAGERBERG J, OSTERBORG A, MELLSTEDT H. T-CELL
EPITOPES WITHIN THE COMPLEMENTARITY-DETERMINING AND FRAMEWORK REGIONS OF
THE TUMOR-DERIVED IMMUNOGLOBULIN HEAVY CHAIN IN MULTIPLE MYELOMA. BLOOD
2003;101(12):4930-4936.

WENY, LING M, BAILEY-WOOD R, LIM S. IDIOTYPIC PROTEIN-PULSED ADHERENT
PERIPHERAL BLOOD MONONUCLEAR CELL-DERIVED DENDRITIC CELLS PRIME IMMUNE
SYSTEM IN MULTIPLE MYELOMA. CLIN CANCER RES 1998;4(4):957-962.

BOGEN B. A MOUSE MODEL FOR IMMUNOTHERAPY OF MYELOMA. HEMATOL J
2002;3(5):224-9.

PUTNAM FW, TAKAHASHI N, TETAERT D, DEBUIRE B, LIN LC. AMINO ACID SEQUENCE OF
THE FIRST CONSTANT REGION DOMAIN AND THE HINGE REGION OF THE DELTA HEAVY
CHAIN OF HUMAN IGD. PROC NATL ACAD SclU S A 1981,78(10):6168-72.

KRATZIN HA, P. RUBAN, E. KORTT, A. STAROSCIK, K. HILSCHMANN, N. [THE PRIMARY
STRUCTURE OF A MONOCLONAL IGA-IMMUNOGLOBULIN (IGA TRO.), Il. THE AMINO ACID
SEQUENCE OF THE H-CHAIN, ALPHA-TYPE, SUBGROUP IlI; STRUCTURE OF THE COMPLETE
IGA-MOLECULE (AUTHOR'S TRANSL)]. [GERMAN]. HOPPE-SEYLERS ZEITSCHRIFT FUR
PHYSIOLOGISCHE CHEMIE 1975;356(8):1337-42.

WEN Y-J, BARLOGIE B, Y1 Q. IDIOTYPE-SPECIFIC CYTOTOXIC T LYMPHOCYTES IN
MULTIPLE MYELOMA: EVIDENCE FOR THEIR CAPACITY TO LYSE AUTOLOGOUS PRIMARY
TUMOR CELLS. BLOOD 2001;97(6):1750-1755.

L1'Y, BENDANDI M, DENG Y, DUNBAR C, MUNSHI N, JAGANNATH S, ET AL. TUMOR-
SPECIFIC RECOGNITION OF HUMAN MYELOMA CELLS BY IDIOTYPE-INDUCED CD8(+) T
CELLS. BLOOD 2000;96(8):2828-33.

OSTERROTH F, GARBE A, FISCH P, VEELKEN H. STIMULATION OF CYTOTOXIC T CELLS
AGAINST IDIOTYPE IMMUNOGLOBULIN OF MALIGNANT LYMPHOMA WITH PROTEIN-PULSED
OR IDIOTYPE-TRANSDUCED DENDRITIC CELLS. BLOOD 2000;95(4):1342-1349.

REICHARDT VL, MIiLAZzzO C, BRUGGER W, EINSELE H, KANZ L, BROSSART P. IDIOTYPE
VACCINATION OF MULTIPLE MYELOMA PATIENTS USING MONOCYTE-DERIVED DENDRITIC
CELLS. HAEMATOLOGICA 2003;88(10):1139-49.

CONDOMINES M, QUITTET P, LU ZY, NADAL L, LATRY P, LOPEZ E, ET AL. FUNCTIONAL
REGULATORY T CELLS ARE COLLECTED IN STEM CELL AUTOGRAFTS BY MOBILIZATION
WITH HIGH-DOSE CYCLOPHOSPHAMIDE AND GRANULOCYTE COLONY-STIMULATING
FACTOR. J IMMUNOL 2006;176(11):6631-9.

DUDLEY ME, WUNDERLICH JR, ROBBINS PF, YANG JC, HWU P, SCHWARTZENTRUBER
DJ, ET AL. CANCER REGRESSION AND AUTOIMMUNITY IN PATIENTS AFTER CLONAL
REPOPULATION WITH ANTITUMOR LYMPHOCYTES. SCIENCE 2002;298(5594):850-4.



inserm-00276016, version 1 - 10 Apr 2009

IGG HEAVY-CHAIN T-CELL EPITOPE

44,

45.

GATTINONI L, FINKELSTEIN SE, KLEBANOFF CA, ANTONY PA, PALMER DC, SPIESS PJ,
ET AL. REMOVAL OF HOMEOSTATIC CYTOKINE SINKS BY LYMPHODEPLETION ENHANCES
THE EFFICACY OF ADOPTIVELY TRANSFERRED TUMOR-SPECIFIC CD8+ T CELLS. J EXP
MED 2005;202(7):907-12.

RAPOPORT AP, STADTMAUER EA, AQUI N, BADROS A, COTTE J, CHRISLEY L, ET AL.
RESTORATION OF IMMUNITY IN LYMPHOPENIC INDIVIDUALS WITH CANCER BY VACCINATION
AND ADOPTIVE T-CELL TRANSFER. NAT MED 2005;11(11):1230-7.



