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We characterized the T-cell receptor (TCR) repertoire in freshly harvested tumor lesions, in short-term-
expanded CD4� tumor infiltrating lymphocytes (TIL) as well as in CD4� and CD8� peripheral blood
lymphocytes (PBL) from three patients with cervical cancer. Skewing of the T-cell repertoire as defined by
measuring the length of the complementarity-determining region 3 (CDR3) of the TCR VA and VB chains was
observed in CD8� PBL, in freshly harvested tumor tissue, as well as in CD4� TIL. Comparative analysis of the
TCR repertoire revealed unique monoclonal TCR transcripts within the tumor lesion which were not present
in PBL, suggesting selection of TCR clonotypes due to antigenic stimulation. TCR repertoire analysis of the
short-term (7-day) CD4� TIL lines revealed that the TCR composition is markedly different from that in CD4�

PBL or in the freshly harvested tumor tissue. Only one-third of CD4� TIL lines showed HLA-DR-restricted
recognition of autologous tumor cells as defined by cytolysis. These data provide support for the antigen-driven
selection of T cells within cervical cancer lesions and suggest that analysis of the TCR repertoire may aid in
obtaining an objective description of the immune response in patients with cervical cancer who are undergoing
epitope-based immunotherapy.

Several methods have been used to analyze the cellular
immune response in patients with cervical cancer, including
enzyme-linked immunospot analysis of T cells obtained from
peripheral blood (32) and characterization of tumor-infiltrat-
ing lymphocytes (TIL) directed against human papillomavirus
type 16 (HPV-16) (6) or HPV-derived peptides which bind to
different major histocompatibility complex (MHC) class II al-
leles, including DR3, DR4, DR15 or DQ2 (12, 13, 32). CD8�

cytotoxic T cells directed against HPV-16 E6 and E7 antigens
have also been detected in peripheral blood lymphocytes
(PBL) from women with cervical dysplasia (1, 29). Recruit-
ment and maintenance of HPV-specific and MHC class II-
restricted CD4� T cells may be beneficial for patients at high
risk of ultimately developing cervical cancer since the majority
of early cervical cancer lesions show allelic loss of MHC class
I expression (16) and defects in the MHC class I antigen-
processing and presentation machinery (3).

One of the crucial experiments in evaluating anticancer im-
mune responses is to show that the antipeptide-specific cellular
immune responses elicited by in vitro stimulation with HPV
oncoproteins (9, 31) or with peptides (15, 28) are also directed
against the autologous tumor cells. This has not yet been dem-
onstrated, since cervical cancer cell lines are not easily estab-
lished. Thus, HLA-matched cancer cells served as targets for
evaluating the anti-HPV-directed immune responses (15, 31).

In cancers of different histologies, the molecular definition
of an antitumor response was initiated by demonstrating anti-
cancer CD4� or CD8� responses. These tumor-specific T cells

have been used to identify a number of antigens, which may
serve as tumor rejection antigens (for a review, see reference
35).

A different scenario is true for cervical cancer, since the
majority of cervical cancers express the HPV E6 and E7 on-
coproteins that may provide targets for an antitumor cellular
immune response (35). Thus, most studies used HPV-derived
targets as a readout and surrogate marker of anti-cervical can-
cer-directed immunity. To gauge the cellular immune response
in patients with cervical cancer, we evaluated the T-cell recep-
tor (TCR) repertoire by using measurement of the TCR CDR3
region in PBL, tumor lesions, and TIL from three patients with
cervical cancer, from which autologous tumor cell lines could
be established. This method allows us to objectively describe
the TCR repertoire within different anatomic compartments.
Limited TCR diversity suggests selection of T cells by antigenic
stimulation (10, 22). In addition, TIL were tested for recogni-
tion of autologous tumor cells.

MATERIALS AND METHODS

Immunomagnetic cell sorting. Heparinized blood was drawn, and peripheral
blood mononuclear cells (PBMCs) were obtained by separation over a Ficoll
gradient and stored in liquid nitrogen at 1 � 107 to 5 � 107 cells/vial in 90% fetal
calf serum–10% dimethyl sulfoxide. CD4� or CD8� T cells were separated from
PBMCs using anti-CD4- or anti-CD8-coated immunomagnetic beads (Miltenyi,
Bergisch Gladbach, Germany). Briefly, PBMCs or TIL were incubated for 15
min at 4°C with immunomagnetic beads (10 �l of beads/105 cells) and run by
gravity through a separation column with a magnet. The cells were washed twice
with 2 ml of phosphate-buffered saline–0.01% bovine serum albumin and eluted
with 1 ml of phosphate-buffered saline–0.01% bovine serum albumin after re-
moval of the magnet. This procedure yields �96% pure CD4� or CD8� T cells
(data not shown). Tumor sections were obtained from freshly isolated cancer
tissue from patients undergoing curative surgery for cervical cancer (Table 1).
The tumor specimens were split into two aliquots. One aliquot was cut into small
pieces and seeded for 7 days in 48-well plates containing 50% AIM-V medium
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(Invitrogen, Groningen, The Netherlands) and 50% Dulbecco modified Eagle
medium (high glucose) obtained from Gibco (Eggenstein, Germany) supple-
mented with 10% fetal calf serum and 50 ng of human recombinant interleukin-7
(IL-7) per ml generously provided by Adrian Minty, Sanofi, France. T cells grew
out from the tumor tissue and were expanded in the presence of autologous
tumor cells. The other aliquot was snap-frozen in liquid nitrogen.

TCR-CDR3 spectratyping. Qualitative analysis of either CD8�- or CD4�-
sorted T cells (using immunomagnetic beads) was carried out as described in
detail previously (14). Briefly, RNA was extracted, reverse transcribed into
cDNA, and amplified by individual 29 TCR VA- and 24 VB-specific primer pairs,
and a runoff reaction using a fluorophore-labeled TCR-CA- or TCR-CB-specific
primer was performed. Labeled amplicons were analyzed by DNA fragment
analysis using appropriate size standards and a model 310 sequencer and Gene-
scan software (ABI, Weiterstadt, Germany). To identify monoclonal and oligo-
clonal TCR transcripts, amplicons were subcloned into the TA sequencing vector
(Invitrogen, Groningen, The Netherlands). TCR VA and VB were reported as
monoclonal only if direct sequencing of the PCR amplicon or all subcloned PCR
transcripts yielded the identical TCR sequence. To condense the information
from a single sample analysis, the individual TCR VA or VB families may be
grouped into a single figure with VA1 to VA29 or VB1 to VB24 along with the

CDR3 length expressed as the number of amino acids. This TCR-CDR3 land-
scape provides the structural anatomy as defined by the TCR-CDR3 length for
each TCR family in a T-cell subpopulation, which can be compared to the
TCR-landscape in a different compartment (e.g., CD4� TIL versus CD4� PBL)
(23). The CDR3 analysis was carried out with separated CD4� and CD8� T
cells, since potential monoclonal or oligoclonal TCR VA or VB families in one
T-cell population could be potentially “masked” if the same TCR VA or VB
family shows a polyclonal composition (Fig. 1). TCR-CDR3 spectratyping of
clinical specimens has been described in detail in the accompanying paper (23).

Cytotoxicity and cytokine release assays. The NK/LAK-sensitive target cell
line Daudi or the NK-sensitive target cell line K562 served as target cells in
cytotoxicity and cytokine release assays. Autologous fibroblasts were isolated and
used as negative control targets for testing TIL obtained from individual patients.
Autologous tumor cell lines were obtained using Dulbecco modified Eagle me-
dium supplemented with 20% fetal calf serum and keratinocyte growth factor (1
�g/ml) obtained from R&D (Wiesbaden, Germany) and short-term exposure (3
days) to 200 �g of G418 per ml. which reduced the viability of fibroblasts but not
of tumor cells. We could establish only 3 of 25 tumor samples in vitro. A different
approach involved the transplantation of small pieces of tumor tissue under the
kidney capsule of scid/beige mice, which yielded a success rate of 1 of 6 tumor
samples. A standard 4-h chromium release assay was used to assess cytolytic
recognition of target cells. Unless otherwise indicated, an effector-to-target ratio
of 10:1 was used. 51Cr-labeled target cell suspensions were adjusted to 105

cells/ml, and 100 �l of this cell suspension was added to individual assay wells in
triplicate determinations. Suspensions (100 �l) of effector cells were added to
experimental wells, and the plates were incubated for 4 h at 37°C. Spontaneous-
release wells received 100 �l of RPMI medium supplemented with fetal calf
serum, and maximum-release wells received 100 �l of Triton X-100 (10% [vol/
vol] in water). Aliquots of 100 �l were harvested from each well and counted in
a gamma counter (Pharmacia, Stockholm, Sweden). Cytokine production was
measured using the same effector-to-target ratio in a standard 24-h gamma

TABLE 1. MHC alleles and HPV typea

Patient HLA-A HLA-B HLA-Cw DR DQ HPV type

MZ-CC01-1 1,11 8,56 1,7 3,4 2,8 16
MZ-CC01-2 1,2 35,44 4,5 7,5 3,0 16
MZ-CC01-3 1,32 7,62 4,7 8,15 4,6 16

a Three patients from whom we could establish an autologous tumor cell line
were characterized for MHC class I and II alleles. The resected tumor tested
positive for HPV16 DNA in all individuals.

FIG. 1. CD4� and CD8� T cells must be segregated for TCR CDR3 analysis. CD4� sorted T cells (top), CD8� sorted T cells (middle), or
unseparated T cells (bottom) were subjected to TCR CDR3 analysis. As a paradigm, the TCR VA23 and the VCR VB7 analyses from TIL are
depicted. Note that the rather monoclonal TCR VA23 peak in the CD4� T-cell pool would be missed if nonsorted T cells had served as the source
to generate cDNA for TCR CDR3 analysis.
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interferon (IFN-�) release assay as specified by the manufacturer (Diaclone,
Besançon, France).

RESULTS

TCR composition in PBL, TIL, and tumor tissue: evidence
for antigen-driven TCR selection. Qualitative TCR VA and
VB analysis was carried out in CD4�, CD8� PBL, and CD4�

TIL, as well as in fresh frozen tumor tissue sections from three
patients who underwent surgery for cervical cancer. The qual-
itative TCR VA and VB CDR3 profiles from CD4� PBL
showed a normal Gaussian distribution in all three patients.
TCR CDR3 VB analysis in CD8� PBL showed an oligoclonal
CDR3 pattern in the TCR VB as and TCR VA families; two of
three patients exhibited at least three monoclonal TCR VA
transcripts in the CD8� population: patient MZ-CC01-1 had
VA9, VA19, and VA22 (Fig. 2A), and patient MZ-CC01-2 had
VA5, VA8S2, and VA17 (Fig. 3A). Patient MZ-CC01-3 exhib-
ited a single TCR VA13 transcript in the CD8� T-cell popu-
lation (Fig. 4A).

In contrast to PBL, short-term-established TIL (�90%
CD4� [data not shown]) exhibited an oligoclonal TCR pattern.
In patient MZ-CC01-1, nine individual TCR VA transcripts
were monoclonal as determined by DNA sequence analysis.
TIL from patient MZ-CC01-2 showed four TCR VA tran-
scripts (Table 2). No monoclonal TCR mRNA transcripts were
found in TIL from patient MZ-CC01-3. In contrast to TIL, two
of three freshly harvested tumor samples did not show mono-
clonal TCR transcripts; the exception was the tumor sample
from patient MZ-CC01-3. Of note, these monoclonal TCR
transcripts could not be identified in TIL (Fig. 2A to 4A)

TCR composition in freshly harvested tumor tissue. TCR
VA and VB transcripts revealed that the TCR VA chain land-
scape exhibits a Gaussian distribution with no major alter-
ations. In contrast, the TCR VB repertoire showed an oligo-
clonal TCR composition. Of note, the definition of a Gaussian
distribution of TCR VA transcripts within the tumor tissue
suggests only that a broad repertoire of TCR VA chains may
be available within the lesion. It does not imply that the Gauss-
ian distribution identified within the tumor tissue is identical to
a (potential) Gaussian distribution of the TCR VA or VB
chains in PBL or TIL, since the TCR landscape describes the
length of the TCR CDR3 region, which may have a different
length distribution in PBL or TIL (Fig. 2A to 4A).

Comparative TCR analysis in tumor tissue and TIL. Recent
studies suggested that monoclonal or oligoclonal TCR tran-
scripts are indicative of ongoing cellular immune responses.
Therefore, for each individual we compared the CDR3 TCR
repertoire of the tumor lesion to the TCR repertoire obtained
from CD4� PBL, CD8� PBL, or CD4� TIL (Fig. 2B to 4B). In
general, differences were more visible in the TCR VA land-
scape than in the VB repertoire if TCRs present in tumor
tissue were compared to those in CD4� or CD8� PBL. Sub-
stantial differences were identified in the composition of both
the TCR VA and VB repertoires in tumor lesions with respect
to the short-term-established TIL lines defined by over- or
underrepresentation of individual TCR VA or VB families. As
expected, comparison of the CD4� TIL lines to TCR VA and
VB transcripts in PBL and tumor tissue (Fig. 2C to 4C) exhib-
ited substantial differences pertaining to TCR VA and VB

mRNA transcripts. Of note, CD4� TIL from patient MZ-
CC01-3 showed overrepresentation of the TCR VB16 family
compared to that of CD4� PBL or snap-frozen tumor tissue
(Fig. 4C).

Recognition of autologous tumor cells. CD4� TIL lines were
established from three patients (Table 1) and tested for rec-
ognition of autologous tumor cells using a standard 51Cr re-
lease and a 48-h IFN-� release assay. Only one of three TIL
lines (i.e., the line from patient MZ-CC01-3) showed MHC
class II (DR)-restricted recognition of the autologous tumor
cells (Table 3). TIL did not lyse MHC class I-matched target
cells of different histology or HLA-DR,-DQ-matched cervical
cancer cell lines harboring the identical HPV type (e.g., the cell
line Caski, HPV-16�). Exclusively autologous tumor cells, but
not autologous fibroblasts, were lysed. Lysis could be blocked
using an anti-HLA-DR but not an anti-MHC class I monoclo-
nal antibody (MAb). No difference was observed between cy-
tolysis and IFN production; only TIL from patient MZ-
CCO1-3 reacted in a HLA-DR restricted fashion.

DISCUSSION

The three salient and novel findings of this report are as
follows. (i) Monoclonal TCR transcripts were detected pre-
dominantly in CD8� PBL but not in CD4� T lymphocytes and
monoclonal TCR (VA) transcripts in the freshly harvested
tumor from patients with cervical cancer. (ii) A large number
of monoclonal TCR mRNA (VA) transcripts were found in
short-term-established CD4� TIL from two of three patients.
These monoclonal TCRs are not present in PBL or in tumor
tissue. (iii) Evidence was found for a skewed TCR repertoire in
in vitro-expanded TIL compared to the cancer lesions. Thus,
T-cell reactivity may not describe the in situ TCR reactivity.
(iv) The autologous tumor cells defined by cytolysis in an
HLA-DR restricted fashion were recognized in one of three in
TIL lines. The last observation has not been reported previ-
ously. Of note, TIL lines have not been restimulated in vitro
with peptides or recombinant proteins.

The TCR VA and VB CDR3 analysis has been used to
gauge the cellular immune response in patients with cancer,
including renal cell cancer (17), melanoma (19), non-small-cell
lung cancer (5), and lymphoma (27). In general, the identifi-
cation of monoclonal (or oligoclonal) TCR mRNA transcripts
has been interpreted as a selected TCR repertoire due to
antigenic expansion of single T-cell clones (10). Caution
should be exercised if only PBL are analyzed: multiple mono-
clonal TCR mRNA transcripts can be detected in PBL from
apparently healthy individuals and may reflect the remnants of
previous encounters with any antigen (11). However, only a
few monoclonal TCR transcripts can be detected in PBL from
healthy individuals (10, 11, 22, 24). The identification of an
oligoclonal TCR repertoire or more than two or three mono-
clonal TCRs is indicative of an ongoing cellular immune re-
sponse resulting in the (limited) selection of a few TCR clono-
types (10, 22). Of interest, the detection of monoclonal TCR
VA chains is more frequent than that of TCR VB chains
(Table 2). Skewing of the TCR repertoire associated with a
narrow TCR VA chain repertoire has been attributed to struc-
tural constraints by MHC class I-restricted T cells (30); the role
of MHC class II-restricting molecules has not yet been defined.
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A similar bias to a narrowed TCR VA repertoire has been
observed in the cellular immune response to Epstein-Barr vi-
rus (18). It is not clear if such a bias is indicative of any active
MHC class I- or II-restricted immune response or if the selec-
tion of certain VA families may be associated with viral infec-
tions.

The notion that freshly harvested tumor tissue obtained
from patients with cervical cancer showed oligo- or monoclo-
nal expansion of some TCR VB families (Table 2) suggests an
ongoing cellular immune response in situ. Oligo- or monoclo-
nal TCR transcripts may also not be accessible to this reverse
transcription-PCR-based detection, since the tumor tissue has
not been dissected for CD4 and CD8 T cells. Monoclonal
selection in either of these T cell subsets may be masked by a
polyclonal TCR pattern in the CD4 or the CD8 T-cell popu-
lation (Fig. 1). The tumor lesions showed CD4 and CD8 T-cell
infiltrates (data not shown). This is not the case for the sorted
CD4� and CD8� T cells obtained from PBL or for the TIL
lines, which showed �90% CD4� T cells (data not shown).
Three of three short-term-cultured TIL lines exhibited a very
oligoclonal TCR pattern, and more than 30% of the entire
TCR VA repertoire (9 of 29 VA families in patient MZ-
CC01-1) was composed of single clones. It is also evident from
these data that the TIL lines used in this study did not reflect
the original T-cell composition present within the tumor le-
sions. Thus, T-cell reactivity to autologous tumor cells (in TIL)
may not reflect the in situ composition of the T-cell infiltrate
present within the cervical cancer lesion. These TIL were cul-

tured in 50 IU of IL-2 and 50 pg of IL-7 per ml in the presence
of autologous tumor. Recent results suggested that IL-7 does
not result in nonspecific alterations of the T-cell population
but, rather, exerts a homeostatic effect by increasing the num-
ber of antigen-specific T cells (8). Therefore, differences in the
TCR composition of TIL observed in this report may also
reflect the antigen-driven expansion of certain TCR VA and
VB subsets which may have already been selected for IL-7-
dependent growth in vivo (20). In addition, gain of TIL effector
function may not be correlated with expansion of certain TCR
families (8). However, the ultimate proof that ex vivo-cultured
TIL or PBL are different from the “tumor compartment” per-
taining to the T-cell repertoire can be obtained only if the
tumor sample can be subjected to microdissection, allowing the
separation of CD4� and CD8� T cells.

In contrast to the freshly harvested tumor tissue, CD4� TIL
lines could be compared to CD4� PBL harvested at the time of
tumor resection. TCR CDR3 analysis may represent a useful
tool to describe the T-cell infiltration in situ, particularly if
cancer lesions are easily accessible, e.g., in patients with mel-
anoma or with carcinoma in situ of the cervix. Thus, the in situ
T-cell infiltrate can be measured as a surrogate marker for
(antigen-driven) inflammation in the context of a therapeutic
or prophylactic HPV vaccine, which is currently being tested in
patients with cervical cancer or in individuals at elevated risk of
ultimately developing cervical cancer (2, 26).

The hypothesis that TCR CDR3 analysis represents a sur-
rogate marker for antigen-driven selection is supported by the

TABLE 2. Monoclonal TCR transcriptsa

Patient Source V family V region CDR3 region Joining region J family

MZ-CC01-1 CD8� PBL VA 9 SAMYYCA PASRS NTGKLIFGQG AJ 37
VA 19 SAVYICA VDSR AAGNKLTFGGG AJ 17
VA 22 SAVYFCA LSPI SSGSARQLTFGSG AJ 22

CD4� TIL VA 2 SATYLCA VNTY SGNTPLVFGKG AJ 29
VA 5 SATYLCA LDQG DYKLSFGAG AJ 20
VA 6 SAMYFCA MREGY SGNTPLVFGKG AJ 29
VA 7S2 SASYLCA VREQ AAGNKLTFGGG AJ 17
VA 12 SAVYFCA PL TNAGKSTFGDG AJ 27
VA 13 SGVYFCA V SGYSTLTFGKG AJ 11
VA 21 SAVYFCA AKD QAGTALIFGKG AJ 15
VA 24 SASYICV VP NTDKLIFGTG AJ 34
VB 5S8 SALYLCA SSFRIGY GYTFGSG BJ 1–2
VB 17 TAFYLCA SREWGD TEAFFGQG BJ 1.1

MZ-CC01-2 CD8� PBL VA 5 SATYLCA LDSR AAGNKLTFGGG AJ 17
VA 8S2 SAVYFCA ENTF NQGGKLIFGQG AJ 23
VA 17 SATYFCA ATYV NSGGGADGLTFGKG AJ 45

CD4� TIL VA 2 SATYLCV VPDGI NDMRFGAG AJ 43
VA 13 SGVYFCA VERW ARLMFGDG AJ 31
VA 20 TAVYYCL VGPLM NSGGYQKVTFGIG AJ 13
VA 22 SAVYFCA LKGR NNNDMRFGAG AJ 43
VA 23 SATYLCA VR SGAGSYQLTFGKG AJ 28

Tumor VA 16 SALYFCA VRDHS SGGYNKLIFGAG AJ 4
VB 7S1 SALYLCA SSQEGDL YEQYFGPG BJ 2–7
VB 15 TALYFCA TSDSDSGD TDTQYFGPG BJ 2–3
VB 23 SALYFCA SSQDN SYEQYFGPG BJ 2–7

MZ-CC01-3 CD8� PBL VA 13 SGVYFCA VDAGY GNEKLTFGTG AJ 48

a cDNA was generated from CD4� and CD8� PBL, freshly harvested tumor tissue, and CD4� TIL and tested for monoclonal TCR VA or VB transcripts as described
in the text. TCR VA or VB families were characterized for monoclonality by direct sequencing of the amplified product from each TCR family. Note the large number
of monoclonal TCR VA mRNA transcripts in CD4� TIL from patient MZ-CC01-1. Monoclonal TCR transcripts detected in freshly harvested tumor tissue could not
be detected in TIL or in PBL. Thus, individual TCR clonotypes could not be expanded in vitro. Short-term (7 days) in vitro culture of T cells (TIL) in the presence
of autologous tumor and IL-7 resulted in an oligoclonal T-cell population.
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observation that one of three TIL lines showed recognition of
the autologous tumor cells as defined by cytolysis. The obser-
vation that only one of three TIL recognized the autologous
tumor may be because (i) tumor-reactive T-cells may have
undergone activation-induced cell death (21) during in vitro
culture or (ii) immunosuppressive factors of the tumor micro-
environment, potentially mediated by IL-10 or transforming
growth factor � (33), may be counterproductive in expansion
or maintenance of tumor-specific T cells (4, 7). A number of
cytotoxic CD4� T cells have been identified in tumors of dif-
ferent histology. A CD4� T-cell population which is able to
lyse autologous tumor cells is particularly interesting as a tool
to define the antitumor CD4� T-cell response at the molecular
level. However, cytotoxic CD4� T cells isolated from cervical
cancer lesions appear not to be common in our experience.

It may be argued that the detection of MHC class II-re-
stricted CD4� T cells targeting the autologous tumor may not
be of biological significance, since T-helper cells may instead
aid either B cells or CD8� cytotoxic T-cells in exerting and
sustaining their function. However, recent studies suggested
that MHC class II-positive tumor cells may themselves act as
antigen-presenting cells and present a different set of epitopes
from those presented by professional antigen-presenting cells
(i.e., dendritic cells) (25). Here we show that HLA-DR-re-
stricted and tumor-specific CD4� T cells are indeed capable of

lysing autologous cervical cancer cells. The fact that an HLA-
DR-matched cervical cancer cell line with the identical HPV
type (Table 3) is not lysed indicates that the antitumor re-
sponse in cervical cancer may not always represent an anti-
HPV response. Alternatively, defects in the MHC class II
antigen-processing and presentation machinery may also ac-
count for differences in target cell recognition (34). Indeed,
“private antigens,” unique for individual patients, have been
identified (for a review, see reference 35) and may also be
present in patients with cervical cancer.
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