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Isolation of Tumor-Specific Cytotoxic CD4* and CD4*CD8dim* T-Cell Clones
Infiltrating a Cutaneous T-Cell Lymphoma

By Martine Bagot, Hamid Echchakir, Fathia Mami-Chouaib, Marie-Héléne Delfau-Larue, Dominique Charue,
Alain Bernheim, Salem Chouaib, Laurence Boumsell, and Armand Bensussan

We have isolated several T-cell clones from lymphocytes
infiltrating a human major histocompatibility class (MHC) II
negative cutaneous T-cell lymphoma (CTCL). We describe
here two of these clones, TC5 and TC7, with, respectively, a
CD4*CD8dim* and CD4*CD8~ phenotype. Both clones medi-
ated a specific MHC class I-restricted cytotoxic activity
toward the fresh autologous tumor cells, and autologous
tumor cell lines previously established with interleukin-2
(IL-2) and IL-7 from the skin and from the blood. Analysis of
the T-cell receptor (TCR) VB gene expression showed that
the tumor cells, which were shown to have a trisomy 7 by
fluorescent in situ hybridization, expressed VB7/J32.3, VB13/
JB2.5, and VB22/JB2.5 rearrangements. Phenotypic analysis
using specific anti-VB monoclonal antibodies indicated that
only VB13 could be detected on the cell membrane of the
tumor cells. Analysis of the TCR VB gene expression of the

clones showed that TC5 and TC7 expressed a unique TCR-VB
transcript, corresponding, respectively, to VB5/J332.3 and
VB17/3B2.7 gene segments. To determine whether these
reactive T lymphocytes were present in vivo, we used
specific primers corresponding to TC5- and TC7-VB TCR
transcripts. The results showed that both cytotoxic T-cell
clones were present at the lesional skin site and amplified in
vitro. TC7 was found in the patient peripheral blood invaded
by tumoral cells, whereas TC5 was not, indicating that the
repertoire of the reactional lymphocytes differs in the blood
and at the tumor site. These results show for the first time
the presence of reactive T lymphocytes with CD4 or double-
positive phenotype infiltrating a CTCL. These findings raise
the question of the role of these antitumoral effector T cells
in the tumor growth.

© 1998 by The American Society of Hematology.

HE CONTRIBUTION of the immune system to host Two-colorimmunohistologic analysis has shown that the major-
defense against solid tumors has been extensively investity of infiltrating CD8" cells express MHC class Il antigens, and
gated during the last few yeak8.In humans, the most widely may be functional cytotoxic T lymphocytes (CTL), as they
studied model to support the concept of antitumor immunity isexpress TIA-1, an RNA-binding protein that can induce nuclear
malignant melanom&?® Several studies have described T-cell fragmentation and may be the cytolytic granule factor respon-
clones or T-cell lines developed either from tumor-infiltrating sible for causing apoptosis in the target céli$2henotypic
lymphocytes or from peripheral blood (PB) exhibiting major studies are not able to address the antigen specificity of these
histocompatibility complex (MHC)-restricted cytotoxic activity CD8" cells, and it is possible that they are bystander cells,
against autologous tumor cells. Subsequently, these highlyionspecifically recruited into CTCL lesions, which do not
specific, mainly CD8 T-cell clones were used as tools to exhibit any cytotoxic activity against the autologous tumor
identify the recognized tumor antigens encoded by threecells. Therefore, the main objective of the present report was to
families of genes, namely)AGE, BAGEandGAGE!"13These  isolate and study TIL in CTCL to determine whether these
genes are frequently expressed in a wide range of tumor typeymphocytes are reactive against tumor cells, and whether they
including lung carcinoma and breast tum4S In normal  can also be detected in the blood invaded by tumor cells. For
tissue these gene products have only been observed in testis afitis purpose, we developed T-cell clones from lymphocytes
placenta and appear to represent tissue-specific anfiensinfiltrating a T-cell receptor (TCR) 13" CD4* MHC class
More recently, melanoma-reactive T-lymphocytes recognizing!l - CTCL. We successfully isolated autologous tumor-specific
the products of mutated genes were isolated. This findingeytotoxic CD4 CD8dim" and CD4 T-cell clones. We show
suggests that certain proteins contain common mutations thdhat these T-cell clones exhibit MHC class |-restricted cytotox-
give rise to nonself T-cell epitopes which could be really icity. Comparison of the TCR transcripts expressed by these
tumor-specific’ T-cell clones showed the presence of these reactive T lympho-
In the present report we studied the immune response again§ytes at the tumor site, their expansion during the in vitro
cutaneous T-cell lymphomas (CTCL). CTCLs are a heterogecoculture in the presence of cytokines, and the presence of one
neous group of lymphoproliferative disordéfs?® Mycosis

fungoides is clinically characterized by. S'OW'Y prOQre,ss?ng From INSERM U448, Paris XII University, Paris; the Department of
erythematous patches and plagues, and histologically by infiltrap e matology, Heital Henri Mondor, Creeil; INSERM U487 and
tion of the epidermis and dermis by clonally derived malignantcnrs-URA 1967, Institut Gustave Roussy, Villejuif, France.
lymphocytes with a mature CDED4" phenotypée?-22A more Submitted October 3, 1997; accepted January 24, 1998.
aggressive form of CTCL occurs when the malignant cells M.B. and H.E. contributed equally to this work.

become nonepidermotropic and is associated with extra- Supported by grants from INSERM, Paris XII University, and
cutaneous involvement.” Sary syndrome is an erythrodermic Association pour la Recherche sur le Cancer.

form of CTCL with blood involvement. Pleomorphic small and = Address reprint requests to Martine Bagot, MD, PhD, INSERM
medium CTCL is a rare form of CTCL characterized clinically Y448: Facultede Malecine, 8 Avenue du ‘@eal Sarrail, 94010,
by the occurrence of cutaneous nodules and tumors, angrae"":rance'

: . . . . The publication costs of this article were defrayed in part by page
histologically by a nonepidermotropic lymphoid infiltratelt charge payment. This article must therefore be hereby métkerder-

has b.een reported th.at Iesiqnal tumor-infjltrating Iymphocyltestisement"in accordance with 18 U.S.C. section 1734 solely to indicate
(TIL) in CTCL contain a mixture of various nonneoplastic ihis fact.

lymphoid cells, including CD4 and CD8 lymphocytes* The © 1998 by The American Society of Hematology.
role of these TIL in CTCL remains to be fully elucidat&er® 0006-4971/98/9111-0023$3.00/0
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only of these clones in the patient PB invaded by the sameheir clonal reactivity with an anti-TCR p/13 monoclonal antibody
tumoral cells. Our findings show for the first time that an MHC (MoAb) and by TCR B trancripts analysis. _ '
class I-restricted tumor-specific reactive CD#-cell clone, MoAbs and phenotypic analysisMoAbs such as anti-CD3, anti-

which could be isolated from CTCL-infiltrating reactive TIL, CD# anti-CD8, anti-HLA class Il anti-HLA class |, and TGHS were
was also present in the blood, whereas a ©COBSdim* produced locally. Other MoAbs were obtained through the exchanges of

t ific T-cell cl | tin the t [ sit the Vth international workshop on the differentiation antigéhslost
umor-specitic -cetl ¢ 0“‘? was only present in the tumoral Site, i tcr VB MoAbs were purchased from Immunotech-Coulter (Mar-
of an MHC class ll-negative CTCL.

seille, France), whereas only the anti-TCHA MoAb was from
BlOadvance (Emerainville, France). The MoAb B1.23.2, which reacts
MATERIALS AND METHODS with monomorphic determinants shared by HLA—B, HLA—C and only a
few HLA-A alleles, and the MoAb L243, reactive with monomorphic
Patients. Patient Cou was an 81-year-old man with a mycosis determinants shared by HLA-DR, HLA-DP, and HLA-DQ, were kindly
fungoides initially presenting as disseminated infiltrated patches angrovided by Dr P. Le Bouteiller (INSERM, Toulouse, France). These
plagues and no extra-cutaneous involvement. After a 5-year follow-upMoAbs were used as ascites fluid and, when needed, coupled to
this mycosis fungoides evolved into a pleomorphic large T-cell lym- fluorescein isothiocyanate (FITC) or biotin. Phenotypic analysis was
phoma presenting as disseminated cutaneous tumors and 30% atypigsérformed using a single argon flow cytometer analyzer (Epics XL;
lymphocytes in the peripheral blood. Patient Zia was a 45-year-old marCoulter, Miami, FL). Indirect immunofluorescence assays were per-
with a pleomorphic small and medium T-cell ymphoma presenting asformed using an FITC-conjugated goat anti-mouse lg from Caltag
disseminated cutaneous tumors and no extra-cutaneous or bloadaboratories (San Francisco, CA) or a phycoerythrin (PE)-labeled goat
involvement. Patient Lak was a 50-year-old woman with a Sezaryanti-mouse Ig from Immunotech (Marseille, France). For two-color
syndrome defined by the presence of erythroderma, disseminategnmunofluorescence experiments, cells were treated as already de-
lymphadenopathy, and 40% atypical lymphocytes in the PB. Patientgcribed2®
were not previously treated with chemotherapy. Skin and blood samples Proliferation assays. The proliferative response of the tumor cell
were taken after informed consent. Ethical committee approval for theines to various cytokines was determined by measuring $hg- [
study was obtained. thymidine incorporation (cpm) of 58 10° responder cells. These tests
TIL cultures and clones. TIL from patients Cou and Zia were were carried out in 96-well round-bottomed plates in 0.2 mL of culture
obtained from tumor fragments mechanically dispersed into single-celinedium containing 10% inactivated human serum. The cytokines used
suspensions and cultured in 12-well plates (Becton Dickinson, Lincolnto test the proliferation of the T-cell lines, ie, IL-2 (25 U/mL), IL-4
Park, NJ) in culture medium consisting of RPMI 1640 (GIBCO, Paisley, (1,000 U/mL), and IL-7 (10 ng/mL), were kindly provided by Sanofi
UK), 2 mmol/L L-glutamine, penicillin (100 U/mL), streptomycin (100 Recherche (Lalge, France). After 54 hours, the various culture wells
pg/mL), 10% heat-inactivated human serum, 25 U/mL recombinantwere individually pulsed with 1 mCi<£37 kBq) of BH]-thymidine and
interleukin-2 (rlL-2; kindly provided by EuroCetus, Amsterdam, The obtained 18 hours lateH]-thymidine incorporation was measured in
Netherlands), and rIL-7 (10 ng/mL) (kindly provided by Sanofi a microplate scintillation counter (Topcount; Packard Instrument Co,
Recherche, Lalge, France). For patient Lak, the cocultures of nonma- Meriden, CT).
lignant lymphocytes and tumor lymphocytes were done with mono- Cytotoxicity assays. Cytotoxicity assays were performed according
nuclear cells isolated by the technique of Ficoll-lsopaque (Pharmacido a standard'Cr-release method. Effector cells were TIL cultures and
Fine Chemicals, Piscataway, NJ) density gradient centrifugation. TheTlL-derived T-cell clones. Cryopreserved, noncultured tumor cells, and
various cocultures were tested at day 10 for their ability to exhibit cultured tumor lines were used as target cells. Assays at various effector
specific cytotoxic activity against the cells from the tumor specimento target cell (E:T) ratios with 5< 10° 5!Cr-labeled target cells/well
previously frozen. At day 10 of the cocultures, the lymphocytes from were performed in triplicate, using 96-well V-bottomed microtiter
patient Cou were further cloned by a limiting dilution method in which plates. The final culture volume was 200 pL per well. After 4 hours of
the cells were plated at a concentration of 0.3 cells per well intoculture, plates were spun and 100 pL of supernatant was removed from
round-bottomed 96-well plates (Greiner; Mlogen, Germany). Plates each well and counted in a gamma-counter for the determinatidCof
were previously fed with irradiated allogeneic PB lymphocytes (PBL) release. The percentage of lysis was determined as previously de-
from two healthy donors (% 10* cells per well) in complete medium  scribed?® For blocking experiments, anti-CD4 MoAb was added to
containing 25 U/mL of rIL-2 and 1 mg/mL phytohemagglutinin (PHA; effector cells for 30 minutes at room temperature and the cells were
Wellcome, Beckenham, UK). Cultures were fed every 3 days withwashed before mixing them witHCr-labeled target cells. In contrast,
rlL-2—containing medium and the growing cloned cells were expandedanti-HLA class | MoAbs W6/32 and B1.23.2 were added to the
as previously described. 5ICr-labeled target cells for 30 minutes at 4°C and then the cells were
Tumor cell lines. Fresh CTCL tumor cells were obtained from washed before using them. When anti-CD3 MoAb was used, 1 pug/mL of
mechanically dispersed tumor fragments (at the same time as isolatiopurified CD3X3 MoAb was added into culture well with the effector
of TIL). One portion of the tumor specimen was rapidly frozen in liquid and target cells during the whole assay.
nitrogen awaiting RNA and DNA extraction. Another portion was  Complementarity determining region 3 (CDR3) size analysispf V
frozen in human serum plus 10% dimethyl sulfoxide for later use in celltranscripts using polymerase chain reaction (PCRJo study the \B
mediated cytotoxicity assays. To develop the tumoral line Cou-LS, thetranscripts expressed by T-cell clones and tumor cell lines, a run-off
remaining cells were cultured in 24-well tissue-culture plates (Bectonmethodology was used. The VB and B-specific primers and the
Dickinson) at a concentration of iCcells/mL of RPMI medium procedure used for CDR3 size analysis have been reported previbusly.
containing 10% heat-inactivated human serum, 25 U/mL of rIL-2, andBriefly, tumoral and nontumoral tissue samples (0.2 to 0.5 g tissue or
10 ng/mL of rIL-7. The cultures were fed two to three times per week 5 X 10° cells) were resuspended in 6 mol/L guanidium thiocyanate
with fresh medium and split at a 1:2 ratio when necessary. After 2buffer. Total RNA was then purified by CsCI gradient centrifugation.
months of culture most cells were tumoral cells and were maintained irfFor PBL, total RNA was extracted using a modified guanidium
culture for more than 2 years. The line Cou-LB was developed fromthiocyanate phenol/chloroform method (RNAzol B method). cDNA
Cou PBL and cultured as the line Cou-LS. The fresh and cultured CTClwas prepared by standard method using reverse transcriptase (RT) and
from patient Cou were HLA-A1,A2 and HLA-B5(51),B35. The clonal an oligo-dT primer. cDNA copies of 0.1 ug RNA were amplified in 40
origin of the growing cell lines was systematically tested by analyzing cycles \3/CB PCR in 50 uL and aliquots (2 pL) were copied in 1- to
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Fig 1. Cytotoxic activity of TIL from three patients with CTCL. TIL
were cultured with IL-2 and IL-7, and were tested at day 10 for their
ability to exhibit specific cytotoxic activity against the cells of the
tumor specimen previously frozen. For the three patients, the TIL
cultures exhibited a specific cytotoxic activity against autologous
tumor T-cells (W) whereas no cytotoxic activity was found on alloge-
neic tumor T cells (@). Results are expressed as the mean of tripli-

cates * SD.

Fam)-labeled oligonucleotides specific fo3 @r 3B fluorophores.
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Table 1. Proliferative Response to Cytokines of the Tumor

Cell Line Cou-LS

Culture Conditions

Proliferative Response

Medium
IL-2

IL-4

IL-7

IL-2 + IL-7
IL-4 + IL-7

115 * 31*
1,923 = 481
9,094 * 441

19,983 + 3,512
38,619 * 5,064
18,703 + 1,006

*Results are expressed as mean cpm = SD for tritiated thymidine
incorporated by 50 X 103 cells during the last 18 hours of a 3-day

culture.

fluorescent size markers and analyzed with the 672 Genescan software
(Perkin EImer SA, Courbevoie, France).

Semiquantitative PCR analysisTCR VB gene segment usage was
determined using a semiquantitative PCR analysis as described previ-
ously3° cDNA amplifications were performed over 30 cycles with the
fluorescent @ primer and the same panel of3\primers than for the
CDR3 size analysis. The intensities of the different peaks present in all
VB subfamilies were added, and the percentages of egcsutsfamily
were calculated and represented as histograms.

Directed sequencing of PCR product€?CR products were purified
using Qiagen columns (Qiaquick PCR purification kit; Qiagen, Hilden,
Germany), and resuspended in 20 pL of sterile water. The purified
products were directly sequenced in both directions with a PRISM

VB7-CB VB7-Jp2.
i
Nrserosd RSV
| | 1
180 200 140
Vp13-CB VB1W-JB2.5
A
AN AN
1 1 |
300 320 300
VB322-Cp \‘ VB22-JB2.5 ’;
| |
‘-._M,N‘i\ jth \
1 1 1 |
320 340 280 300

Fig2. Complementarity-determining region 3 (CDR3) size analysis
of TCR VB7, VB13, and VB22 transcripts in Cou-LS tumor cell line
analyzed with fluorescent CB, JB2.3, and JB2.5. cDNA made from
total RNA extracted from Cou-LS were amplified in a PCR reaction
primed by VB7/VB13/VB22 and CB-specific primers. The unlabeled
. . . amplification products were elongated with nested fluorescent CB,
5-cycle runoff reactions primed with fluorescent (ABI fluorophore JB2.3, and JB2.5. Aliquots were subjected to electrophoresis and
analysis on an automated sequencer. Cou-LS tumor cell line showed
Runoff products were then subjected to electrophoresis on an ABkhree TCR B transcripts corresponding to VB7/J82.3, VB13/JB2.5,
sequencer (Applied Biosystems, Foster City, CA) in the presence ofnd VB22/JB2.5.
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cyanate (TRITC) antibodies (Boehringer Mannheim, Mannheim, Ger-
many). Chromosomes were counterstained with DAPI (4,5-diamino-2-
phenylindole). Fifty mitoses were analyzed and showed in paradiploid
cells a homogenous trisomy 7 with no translocation.

RESULTS

CTCL suspensions showed specific cytotoxic activities against
autologous tumor cells. Single-cell suspensions obtained from
skin tumor fragments of patients Cou and Zia and PBL from
patient Lak were cultured in vitro for 10 days with culture
medium containing 10% inactivated human serum supple-
mented with rIL-2 and rIL-7. Approximately 90% of cells were
CD4*, and this percentage of CD4£ells was not modified after
10 days of culture with IL-2/IL-7. The cultured T lymphocytes
were then tested for their ability to mediate cytotoxic activity
against a suspension of non-cultured autologous tumordb4
lymphocytes. The results presented in Fig 1 indicate that
cocultures from each patient exhibited cytotoxic activity against
the previously frozen autologous tumoral cells. The Iytic
activity of these effector cells were reproducibly significant at
the respective highest effector/target ratio tested and decreased

with lower effector/target ratios. No lytic activity could be
, detected against allogeneic tumor cells. As can be seen from the
representative experiments shown in Fig 1, the cytotoxic
effector cells from Lak were unable to kill allogeneic tumor
cells from patient Cou and, conversely, the cytotoxic lympho-
cytes from Cou failed to kill the allogeneic tumor cells of Lak.

Establishment of IL-7/IL-2—dependent lymphoma cell lines.
To maintain in long-term cultures the tumor cells, we subse-
quently developed a T-cell line from the tumor fragment of

Fig 3. FISH performed on Cou-LS cells with whole chromosome patient Cou. This CTCL line (Cou-LS) was generated by
paint for chromosome 7. To the top a nucleus with three chromo- ¢ 1ring the tumoral skin cells with rIL-2 and riL-7. The
somal domains; to the bottom a mitosis with three labeled chromo- . . o
somes 7. phenotype of the growing line was TGR*CD4"CD8 MHC

class I and MHC class It, and was the same as that of the
fresh tumor cells directly isolated from the skin (see below).

ready reaction DyeDeoxy Terminator cycle sequencing kit and a 373AI’he proliferative response to cytokines of the tumor cell line

DNA sequencer (Applied Biosystems). . .
Genomic analysis. High-molecular-weight DNAwas extracted by a Cou-LS is shown in Table 1. IL-7, IL-4, and to a lesser extent

standard proteinase K digestion and a phenol/chloroform extractionlL-2 were growth factors for this tumor cell line. In addition, a
Two microliters of the DNA samples were subjected to PCR in a 50-uLSynergistic effect of IL-2 and IL-7 was observed for the growth
reaction volume with a B-specific primer and@ primer. The PCR  of this cell line, whereas no additive effect was observed with
cycles were followed by a final 10-minute elongation at 72°C. An |L-4 and IL-7. Similar proliferative results were obtained with a

aliquot of each amplification reaction was visualized on ethidium tymor T-cell line developed from the blood, named Cou-LB
bromide—stained 2% agarose gel. (data not shown).

Fluorescent in situ hybridization (FISH).After adjunction of Characterization of the TCR transcripts in Cou-LS tumor cell
colcemid to exponentially growing cells, metaphase spreads were.

prepared with standard procedures of hypotonic treatment, methano }ne' The TCR}’. gene §egment usage by Cou-LS tumor cell
acetic fixation, and dropped on chilled slides. Whole chromosome prob ine yvas determl_ned using an R_T'PCR approach and a panel of
specific for chromosome 7 was of commercial origin (Oncor, Gaithers—preV'OUSIV described 'and B primers. TCRB chain structure
burg, MD) and was labeled with digoxigenin. FISH was performed determination of Cou-LS tumor cell line showed three TER
following the manufacturer’s instructions, and digoxigenin-labeled transcripts corresponding tv/)32.3, V313/B2.5, and \B22/
DNAwas detected using anti-digoxigenin-tetramethylrhodamine isothio-J32.5 (Fig 2). These results suggested a trisomy of chromosome

Fig 4. Analysis of the PCR products obtained from
genomic DNA in the skin tumor. Two microliters of
the DNA sample were amplified with a 30-cycle PCR,
using primers specific for VB genes in combination
with JB primers. The PCR products were analyzed by
electrophoresis through a 2% agarose gel. Lane E,
size markers (100 bp); lane 1, VB7/3B2.3; lane 2,
VB13/3B2.5; lane 3, VB22/JB2.5; lane 4, VB5/JB1.1;
lane 5, VB5/JB1.2; lane 6, VPB5/JB2.1; lane 7, VB5/
JB2.7; lane 8, VB8/JB1.1; lane 9, VB8/JIB1.2; lane 10,
VB8/JB2.1; lane 11, VB8/IP2.7.
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7, which was further evidenced by FISH, showing that Cou-LS
is a diploid cell line with homogenous trisomy 7 and no
translocation (Fig 3). It must be noted that this chromosomal
abnormality was not secondary to the culture with cytokines, as
the three TCRp transcripts were also found in the tumor
fragment and in the PBL of the patient. Direct sequencing of the
junctional region corresponding to each of these T@GR
transcripts indicated that only the\t3/J32.5 transcript was in
frame. The sequence of the CDRS3 of theM3/J32.5 transcript
was: (M313.2) TGT GCC AGC AG ... C CCC AGC GGG
CGG AAA...CAAGAG (B2.5).

TCR B gene rearrangement analysis in the skin tumdfo
discriminate the nonneoplastic cells from the tumor clone
within the initial skin tumor cells, PCR analysis was performed
on genomic DNA extracted from the fresh skin tumor. The
results clearly show that the three rearrangemeiftg/382.3,
VB13/B2.5, and \B22/B2.5 were amplified at the genomic
level (Fig 4). It must be noted that the size corresponding to the
VB22/B2.5 rearrangement corresponded to a higher molecular
weight, compared with the expected size obtained from the
corresponding cDNA (Fig 2). The two other transcripts corre-
sponded to the expected size. As control, amplification @&V
and B8 primers with $1.1, B1.2, B2.1, and $2.7 gave
negative results. These primers were retrospectively chosen
according to the results obtained with PCR analysis on cDNA,
indicating a single peak.

VB13 is expressed on the membrane of fresh tumor cells and
of both T-cell lines. To confirm that TCR 813 was expressed
by tumor cells, two-color immunofluorescence analyses were
performed on fresh skin tumor cells and on both T-cell lines
Cou-LS and Cou-LB (Fig 5). The results show that within the
initial tumor, 80% of the CD4 lymphocytes expressed31 3. It
must be noted that a minority of theP3" population was
CD4". In addition, the \B13~ reactive lymphocytes were
composed mainly of CD#lymphocytes. Both long-term T-cell
lines derived respectively from the skin and from the blood had
a CD4"VB13* phenotype. The PBL from the patient contained
30% of CD4"VB13* tumoral cells (data not shown).

Isolation of CD4" and CD4"CD8dim* cytotoxic T-lympho-
cyte clones from Cou TIL-culturesTo further study the
specificity of the cultured tumor-infiltrating lymphocytes, we
developed cloned T-lymphocyte populations from tumor frag-
ment cocultures obtained from patient Cou. The T-lymphocyte
clones were obtained by limiting dilution, using as feeder cells
irradiated allogeneic PBL stimulated with PHA. Ten CD3
TCRa/B* MHC class I and MHC class It long-term growing
T-cell clones were studied for their phenotype and cytotoxic
activity (data not shown). Two of them were selected for their
ability to kill autologous fresh tumor cells isolated from the skin
tumor (Table 2). The phenotypic analysis of these two autolo-
gous tumor-specific T-cell clones, named TC5 and TC7, showed
that TC5 was double-positive CD€D8dim", and TC7 single-
positive CD4 CD8™ (Fig 6). These two clones have maintained
stable reactivity and phenotype in culture for more than 1 year.
We next showed that TC5 and TC7 T-cell clones could also have

Fig 5. Expression of VB13 on fresh skin tumor cells and on both
cultured T-cell lines Cou-LS and Cou-LB. Double immunostaining
flow-cytometric analysis was performed, using a PE-conjugated
anti-CD4 MoAb, and an anti-VB13 MoAb plus an FITC-conjugated
goat anti-mouse Ig.

Skin tumor cells

4335

s; LEELRLE LU T rrrenm LR LA T TTTEN

S 18 75 |
< ]
=R l
(G

1004l 3

‘.1r|lu L) ""];'[';'1'3“”1‘.'53"166"3 T T T
Cou-LS

[F, T LI R 1 N S 1) S e B2

5 53

T

= 1
] '
SN ]

R 3

.1 VBI3 108 108
Cou-LB

(s T AT T T F T T T Tt T TTTTT,

& 3 94 |

g;; -
.| '
O 3 ]

J sl 1.5

.1I LURELLILL llll;illl 'I|.'{ﬁaliﬁérﬁ%ﬁ T T

VB13

20z aunr g0 uo 3senb Aq Jpd'LEE/EL8EYIL/LEEY/ L L/L6/IPA-0]01E/POOG/JOU SUOKEDIIqNdYSE//:d)Y WOl papeojuUMOQ



4336 BAGOT ET AL

Table 2. Cytotoxic Activity of TC5 and TC7 Clones Against Autologous Tumor Cells and the Tumor Cell Lines Cou LS and Cou LB

Autologous Tumor Cou-LS Cou-LB Allogeneic Tumor T K562
T Cells E/T Ratio* E/T Ratio E/T Ratio Cells E/T Ratio E/T Ratio
T-cell Clones 50/1 10/1 50/1 25/1 50/1 10/1 50/1 10/1 50/1 10/1
TC5 421 13 33 16 24 10 3 3 2 2
TC5 + CD3 MoAb ND 47 36 49 26 ND ND
TC7 27 12 17 10 23 11 2 2 3 0
TC7 + CD3 MoAb ND 48 31 33 19 ND ND

Abbreviation: ND, not done.

*Cytotoxicity assays were performed according to a standard 5Cr-release method. Assays at various effector to target cell (E/T) ratios with 5 X
108 51Cr-labeled target cells/well were performed in triplicate, using 96-well V-bottomed microtiter plates.

TResults are expressed as percentages of specific lysis.

a similar lytic activity against the two cultured@Z3" tumor clones. Further, blocking experiments performed with the
cell lines Cou-LS and Cou-LB established, respectively, fromB1.23.2 MoAb, which reacts preferentially with HLA-B and
the skin and from the blood, previously mentioned. Both tumorHLA-C molecules, indicated that only TC5 T-cell clone cyto-
cell lines were lysed at levels ranging from 15% to 35%, and thetoxic activity was strongly inhibited by this MoAb, whereas
cytotoxicity levels were increased for higher effector-to-targetTC7 was not blocked. These results suggest that TC5 reacts
ratios (Table 2). Itis interesting to postulate that enhancement ofvith a peptide presented by HLA-B or HLA-C molecules,
the killing observed in the presence of an anti-CD3 MoAb couldwhereas TC7 recognizes a peptide presented by HLA-A mol-
be caused by the fact that both the effector cells and the targetcules.
tumor cells were T lymphocytes. The cytotoxic activity of these CDR3 size analysis of 8/C3 PCR products in skin tumor
two T-cell clones was highly specific, as they were able to lyseand PBL. We next examined CDR3 sizelistribution in the
neither allogeneic tumor T cells nor the natural killer—sensitiveskin tumor and in PBL by runoff analysis as described
target cells K562 (Table 2). previously®® The RNA was reverse transcribed and amplified
The cytotoxic activity of TC5 and TC7 T cell clones wasby PCR with the use of 24 ¥ subfamily primers and 1
restricted by MHC class | moleculesTo further define the fluorescent B-specific primer. The labeled PCR products were
restriction element of the cytotoxic activity of TC5 and TC7, we analyzed on an automated DNA sequencer to determine the
performed blocking experiments, using a panel of MoAbs.VDJ (CDR3) size distribution and the intensity of the signals.
Results from a representative experiment are shown in Fig 7The results from tumor sample and PBL of patient Cou are
The monomorphic anti-class | MoAb W6/32 induced a signifi- shown in Fig 8. The profiles, which reflected the CDR3 size
cant inhibition of the specific antitumoral cytotoxic activity of diversity in a given \B subfamily, could be divided into two
TCS5 and TC7, whereas, as expected from previous phenotypicategories: some displayed five to eight peaks spaced by three
analyses indicating that the tumor cell lines were MHC classnhucleotides each in a nearly Gaussian distribution (suchgds V
Il-negative, the anti-MHC class Il MoAb L243 had no effect. or V6 in tumor, or 33 in PBL). Others contained one or
At the effector cell level, neither CD4 nor CD8 molecules were several dominant peaks highly suggestive of clonal expansions
involved in the effector cell cytotoxic activity of both T-cell (such as\87, VB8, VB13, V315, V22, and \323). It must be
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Fig 7. The cytotoxic activity of the clones TC5 (Fig 4A and C) and TC7 (Fig 4B and D) on the autologous tumor cell line Cou-LS is blocked by
anti-MHC class | MoAbs. Anti-CD4 and anti-CD8 MoAbs were added to effector cells for 30 minutes, and cells were washed before use. W6/32,
B1.23.2, and L243 were added to the 5!Cr-labeled target cells for 30 minutes and cells were washed before use.

noted that these dominant peaks were detected both in the tumarere, respectively, 2.7 and 1.7 times more expressed in the
and in PBL, which is consistent with the fact that PBL harboredtumor than in PBL.
30% of circulating tumor cells, which expressp¥/J32.3, Characterization and in situ detection of the TCR transcripts
VB13/B2.5, and \B22/B2.5. in TC5 and TC7 CTL clones.The TCR3 gene segment usage
Comparative analysis of TCRBVgene segment expression. by TC5 and TC7 CTL clones was determined using an RT-PCR
To evaluate \B gene segment expression in tumor and PBL ofapproach and a panel of@vand B primers as previously
patient Cou, \B-CB PCR amplification (30 cycles) was per- described for the tumor cell line. TC5 expressed gbMBR2.3
formed, using a fluorescentpCprimer as described previ- rearrangement, and TC7 g8¥7/32.7 rearrangement (Fig 10).
ously3 Labeled PCR products were directly analyzed on theThe junctional region of TC5 and TC7 T@Rchain was then
automated sequencer and the intensities of the peaks wemmnalyzed by cloning and sequencing amplifie@s¥d32.3 and
obtained at the end of the electrophoresis run. The intensities 0§ 317/32.7 transcripts, respectively. Table 3 shows the nucleic
the different peaks present in alp\subfamilies were calculated acid sequences of both TC5 and TC7 junctional regions.
and represented as histograms. Figure 9 summarizes the resulsplified VB5/CB and M317/C3 PCR products from PBL,
of TCR VB gene segment usage in the tumor and PBL of patientumor, and TIL-culture RNA samples were successively copied
Cou. As shown in Fig 9, the TCR repertoire is diverse with thewith C and B primers. TC5 clone gave a monoclonal peak of
presence of most [/ genes. Comparisons between tumor and113 nucleotides when copied witp2.3 primer, which was also
PBL repertoires show some differences, namely tha6 gene  detected in the initial tumor, and in the TIL-culture, but not
segment was overexpressed in the tumor (five times moreletected in PBL (Fig 10). TC7 clone gave a monoclonal peak of
expressed in the tumor than in PBL)BYS and \B14 genes 142 nucleotides when copied witl82.7 primer, which was
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Fig 8. VB-CB VDJ junction CDR3-size distribution profiles in skin
tumor (A) and PBL (B) from patient Cou. cDNA made from total RNA
extracted from the tumor biopsy sample or the PBL was subjected to
PCR amplification with VB-specific primers and a fluorescent Cg
primer. The labeled PCR products were subjected to electrophoresis
and analysis on an automated DNA sequencer. The fluorescence
profiles (x-axis, VB-CB size in nucleotides; y-axis, fluorescence inten-
sity) of the 24 V@ subfamilies are shown.

BAGOT ET AL

-
o o N

RELATIVE PERCENTAGE

=T

Fig 9. VB gene segment usage in skin tumor (H) and PBL (OJ) of
patient Cou. The VB subfamily gene usage was determined by
quantitative PCR, and expressed as percentage (histogram bars) of
the sum of the fluorescence intensities present in all detected peaks
obtained after PCR amplification with a fluorescent C@ primer.

detected in uncultured tumor, and was dominant in PBL. It is
noteworthy that it was less expanded in the TIL-culture.

DISCUSSION

The skin lesions in CTCL contain an heterogeneous cell
infiltrate including malignant cells which are usually COED4*
lymphocytes that phenotypically resemble mature T-helper
cells. Although these tumor cells comprise the majority of cell
population, there is usually an admixture of nonneoplastic
tumor-infiltrating T lymphocytes, macrophages, and other in-
flammatory cells. Staining of the clonal population with ang-V
MoAbs has shown that in early mycosis fungoides the clonal
proliferation can be restricted to the epidermal part of the
infiltrate, suggesting that the dermal part of the infiltrate is
mainly composed of reactive lymphocy®&©ther studies have
shown that CTCL skin lesions contain TIL expressing an

VB5 VB 17

PBL

TUMOR

TiL-CULTURE

CTL-CLONES

Fig 10. CDRS3 size profiles of TCR VB5 and TCR V 17 transcripts in
samples from patient Cou analyzed with fluorescent CB, JB2.3, and
JB2.7. cDNA made from total RNA extracted from TC5 (VB5) and TC7
(VB17) CTL clones, TIL-culture, tumor suspensions, and PBL from the
patient were amplified in a PCR reaction primed by VB5/VB17- and
CB-specific primers. The unlabeled amplification products were
elongated with nested fluorescent CB, JB2.3, and JB2.7. Aliquots
were subjected to electrophoresis and analysis on an automated
sequencer. Arrows indicate the signal corresponding to the two CTL
clones TCR transcripts.
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Table 3. VDJ Sequences of TC5 and TC7

Clone \) Framework CDR3 Framework JB
TC5 5 TCG TCG AGC TCC CGC CTT GGA TCG TGT 2.3
TC7 17 GCC AGC TC A CCT GGG CGA CAG TT C GAG CAG TAC 2.7

activated cytotoxic phenoty@8, and that these TIL could molecules. These results suggest that the TC5 T-cell clone
influence the long-term survival of patients with CTEThus,  detects a peptide presented by HLA-B or -C molecules, whereas
CTCL represents a unique tumor model where both the tumoral C7 recognizes a distinct peptide presented by HLA-A. The
and the nonmalignant infiltrating lymphocytes are T lympho- majority of CD4" clones are MHC class ll-restricted, whereas
cytes. In the present study, we examined whether CTCL TILCD8" clones are mainly MHC class |-restricted. However,
exhibit reactivity against the autologous tumor. We show that TCD4* MHC class |-restricted mature T-cell clones have already
lymphocytes obtained from CTCL skin fragments mechanicallybeen reported, indicating that the generally accepted model for
dispersed into single cell suspension or frolz&@g syndrome  thymic selection may not be absoldfe?2 In addition, the lysis
PBL displayed cytotoxicity against autologous tumor cells afterof tumor cells expressing class | but not class Il molecules by
several days in culture with rIL-2 and rIL-7. This observation is cytotoxic CD44344and CD4 CD8"45T-cell clones has already

in agreement with results of previous studies, which havebeen reported. In these models, the cytotoxic activity was
shown that IL-7 can increase the generation and propagate thestricted by the class | antigens, and CD4 and class Il
long-term growth of anti-tumor CTE3 interactions were not essential for the Iytic interactitis.

IL-7 has also been shown to be a potent growth factor for There is only one report on CD&lass |-restricted tumor-
CTCL tumor cells** Exposure of Seary cells to IL-7 increases specific cytotoxic T-cell clones in CTC?, showing several
IL-2 receptor and IL-7 receptor expression, and IL-7 and IL-2 major differences with our study: (1) the cytotoxic T cells were
have synergistic effects on the growth of CTCL tumor c&¥.  isolated from the blood of patients with &y syndrome; (2)
IL-7 is produced by keratinocyté8,and keratinocyte-derived they were isolated from the CD8-enriched fraction of PBL; (3)
IL-7 is a growth factor for CTCL-derived cell lin€d.IL-7 cloned CD8 cells did not lyse unmodified autologous tumor
transgenic mice develop a progressive cutaneous disorder wittargets, and the cytotoxic activity of these clones required the
a cutaneous lymphoid infiltraf8. IL-7 mRNA is found in preculture of the tumor targets with autologous gamma-
disease-involved skin and blood CTCL ceftgnd most CTCL  irradiated tumor cultured in medium containing 15% fetal
express IL-7 recept@ These findings suggest that IL-7 may bovine serum; (4) cultured tumor cells expressed variable
represent an important cytokine for the pathophysiology ofamounts of MHC class | molecules. In our study, the tumor cell
CTCL, with possible autocrine or paracrine growth-stimulating lines expressed constant amounts of MHC class | histocompat-
properties. In addition, the use of IL-7 may contribute to ibility molecules and were MHC classl It must be noted that
maintain in vitro the immunogenicity of CTCL tumor cells. We in contrast to cutaneous lymphomas of B-cell origin which are
established long-term tumor T-cell lines from the skin and fromusually MHC class It, CTCL do not always express MHC
the blood of patient Cou by culturing them with IL-7 and IL-2. class Il gene products. Thus, the present study is the first
The same 8 transcripts were found to be expressed by the twodemonstration of the presence inside the cutaneous infiltrate of
long-term T-cell lines and by fresh tumor cells, showing that CD4* and CD4CD8dim* cytotoxic tumor-specific T-cell
both T-cell lines were derived from the same clone of tumorclones.
cells. Finally, it was important to assess whether the tumor-specific

To further study the phenotype and the function of tumor- T-cell clones were preferentially expanded in vivo. The TCR
infiltrating lymphocytes, T-cell clones were isolated from CTCL VB gene segment usage of the tumor cell lines and the cytotoxic
skin fragments of patient Cou. Two cytotoxic T-cell clones were T-cell clones was determined, using RT-PCR and a panepof V
selected initially for their ability to kill the tumor cells obtained and B primers. TC5 and TC7 were, respectively, found to
from the previously frozen tumor fragment. These two T-cell express B5/32.3 and \B17/32.7 rearrangements. Three
clones, namely TC5 and TC7, had, respectively, a Gi33 TCRB rearrangements corresponding t@®*J2.3, VB13/
B*TCD4*CD8dim" and CD3 «/B*CD4*CD8™ phenotype. TC5  JB2.5, VB22/332.5 were found to be expressed by the skin- and
and TC7 also had a specific cytotoxic activity directed againsthe blood-derived tumor cell lines. These three rearranged gene
the skin- and the blood-derived tumor cell lines Cou-LS andsegments were related to a trisomy in the tumor cells. Various
Cou-LB. These results suggest that, in contrast to recent resulishromosomal abnormalities, including chromosome 7, have
presented with melanoma-specific CTL clof®fesh tumor  been reported in CTCE8 However, this is the first report of
cells and cultured tumor cell lines express the same tumothree TCR \B transcripts associated to a trisomy 7 in CTCL
antigens. In addition, these results show that identical tumotumor cells. Using anti-TCR § MoAbs, only V313 was
peptides are presented by the tumor cells both in the skin and inlonally detected on the cell membrane. As expected from
the blood. We performed blocking experiments to define theCDR3-sequencing, §22 and \37 were not detected by the
restriction element of these two T-cell clones. We found that thespecific MoAbs on tumor cell surface. This result excluded the
cytotoxic activities of TC5 and TC7 were inhibited by the possibility that another TCR ¥/ could be present on tumor cell
monomorphic anti-MHC class | MoAb W6/32. In contrast, TC5 membrane, since the expression of two TCR transcripts has
and TC7 were differentially affected in their cytotoxic activity already been report¢d.CDR3 analysis of \8-Cp PCR prod-
by the MoAb B1.23.2, which reacts with HLA-B and HLA-C ucts showed several dominant peaks, both in tumor and PBL.
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VB-specific amplification revealed comparable representations 10. Mackensen A, Ferradini L, Carcelain G, Triebel F, Faure F, Viel
of the VB7, VP13, and \B22 segments, corresponding to the S, Hercend T: Evidence foin situ amplification of cytotoxic T-
tumor cells that were present both in the skin tumor and in thdymphocytes with antitumor activity in a human regressive melanoma.
blood, indicating that the trisomy 7 was already present in the~ancer Res 53:3569, 1993 _ _
tumor cells and was not a consequence of the in vitro culture, 11+ Van derBruggen P, Traversari C, Chomez P, Lurquin E, De Plaen
. . E, Van den Eynde B, Knuth A, Boon T: A gene encoding an antigen

Furthermore, PCR analysis on genomic DNA of the tumor . . .
Lo recognized by cytolytic T lymphocytes on human melanoma. Science
indicated the presence of the three rearrangements detected ) ;513 1991
the cDNA level. Comparison of the CDR3-size distribution of = 15 gg4 p, wildmann C, Sensi ML, Brasseur F, Renauld JC, Coulie
TCR-VB transcripts of both T_'Ce” clones s_howed that TC5 andp, Boon T, Van der Bruggen P: BAGE, a new gene encoding an antigen
TC7 were present in the lesional tumor site and expanded at gcognized on human melanomas by cytolytic T lymphocytes. Immu-
various extent in TIL-culture. In addition, TC7 was also found nity 2:167, 1995
in PBL, whereas TC5 was totally absent from patient PBL. 13. Van den Eynde B, Peeters O, De Backer O, Gaugler B, Lucas S,
These results show the presence within the tumor infiltrate ofoon T: A new family of genes coding for an antigen recognized by
CTCL of tumor-specific, class |-restricted cytotoxic T lympho- autologous cytolytic T lymphocytes on a human melanoma. J Exp Med
cytes, some of which can be present in the blood. These finding82:689, 1995 _
suggest that these antitumoral effector T cells participate to the 4 Weynants P, Lefh®, Brasseur F, Marchand M, Boon T:

. R . Expression of MAGE genes by non-small-cell lung carcinomas. Int J
antitumor reactivity of the host immune system. However, the

L . Cancer 56:826, 1994
CTCL tumor cells could be able to avoid immune destruction by o g -ccoir E Marchand M Vanwick R, #ite M, Lethe B

several mechanisms, SU(_:h as abnormal_T—Iymphocyte SigNhomez P, Boon T: Human gene MAGE-1, which codes for a tumor
transductiof or the secretion of soluble inhibitory factors, such rejection antigen, is expressed by some breast tumors. Int J Cancer
as transforming growth fact@-or IL-10. Indeed, overexpres- 52:839, 1992

sion of IL-10 has recently been shown in advanced CTCL that 16. Takahashi K, Schichijo S, Noguchi M, Hirohata M, Itoh K:
could contribute to the downregulation of this specific antitu- Identification of MAGE-1 and MAGE-4 proteins in spermatogonia and
mor reactivity?® Fas-L expression could be another strategyPrimary spermatocytes of testis. Cancer Res 55:3478, 1995

used by tumor cells to escape immune rejectfon. 17. Robbins PF, EI-Gamil M, Li YF, Kawakami Y, Loftus D, Appella

In conclusion, these results constitute a unique model for thé: Rosenberg SA: A mutatefl-catenin gene encodes a melanoma-
study of human T-T lymphocyte interactions. In addition, they specific antigen recognized by tumor infiltrating lymphocytes. J Exp

t a fund tal step for further isolati dch ; Med 183:1185, 1996
represent a flundamental step for further isofation and character- ; g Joly P, Charlotte F, Leibowitch M, Wechsler J, Haioun C,

ization of the class | peptides that are important for the priminggg.ande JP, Reyes F, Revuz J, Bagot M: Cutaneous lymphomas other
of antitumor responses in CTCL, including the TCR idiotype than mycosis fungoides. Immunophenotypic and follow-up study of 52
expressed by the tumdkldentification of peptide antigens will  patients. J Clin Oncol 9:1994, 1991
enable the development of peptide vaccine therapies in CTCL. 19. Willemze R, Kerl H, Sterry W, Berti E, Cerroni L, Chimenti S,
Diaz-Perez JL, Geerts ML, Goos M, Knobler R, Ralfkiaer E, Santucci
M, Smith N, Wechsler J, van Vloten WA, Meijer CJLM: EORTC
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