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Several characteristics make human papillomavirus (HPV) amenable to vaccination. Anti-HPV-directed
vaccines are based on the observation that HPV E6 and E7 oncoproteins are constitutively expressed in
HPV-positive cervical cancer and may serve as tumor rejection antigens. Five HPV types (16, 18, 31, 33, and
45) account for 80% of cervical cancer. Until now, the type of immune response capable of mediating an effective
antitumor response has not been defined. In order to define the anticancer-directed immune response in situ,
we characterized CD4™* and CD8™ sorted T cells from peripheral blood lymphocytes, freshly harvested tumor
tissue, and tumor-infiltrating lymphocytes (TIL) from a patient with cervical cancer. The HLA-DR-restricted
CD4* T-cell receptor VB16-, VA10-, VA21-, and VA22-positive CD4* T-cell line derived from TIL recognizes
autologous HLA-DR*0402" (HPV33™) cervical cancer cells, as determined by gamma interferon secretion.
Testing of different peptides spanning the E7 gene revealed that the HPV33,; ¢, peptide ASDLRTIQQLLM
GTV represents the immunodominant epitope which can also be presented by the DR*0401 allele to TIL. Such
major histocompatibility complex class II-presented peptides represent attractive candidates to augment T-cell

responses directed against autologous tumor cells.

Cervical cancer represents a unique tumor entity compared
to most other cancer types, since it is associated with a chronic
viral infection of epithelial cells with human papillomavirus
(HPV), predominantly type 16 (HPV16) and HPVI1S8 (33).
Most of the studies examining T-cell responses directed against
cervical cancer utilized the HPV E7 gene product as the target,
since it is expressed in all disease stages and represents an
attractive candidate for immune intervention. The assumption
that T cells effectively recognize cancer cells stems from earlier
observations that both CD4" and CD8" T cells recognize
virus-infected cells (32). In contrast to the vigorous cellular
immune response to viral antigens in peripheral blood (3, 21),
the number of tumor-reactive T cells in patients with cancer
appears to be quite low (9, 10).

Several mechanisms may account for the ultimate develop-
ment of invasive cervical cancer, one of these being the inabil-
ity of the cellular immune system to effectively eradicate HPV-
positive tumor cells. Some reports demonstrated the presence
of HPV-specific T cells after in vitro stimulation with peptides
(11) or used autologous dendritic cells in order to expand
HPV-specific and major histocompatibility complex (MHC)
class I-restricted T cells (24). Animal studies suggested that an
anti-papillomavirus E7-directed immune response may be ef-
fective in eradicating E7-positive autologous cancer cells (4,
12, 22). However, examination of T cells from patients with
cervical cancer suggested that cellular immune responses to E7
from HPV16 may be impaired, potentially due to decreased
{-chain expression, a key signal molecule associated with the
T-cell receptor (TCR) (20).
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Most of the tumor antigens described thus far have relied on
the definition of targets recognized either by T cells infiltrating
into cancer tissue or from T cells harvested from peripheral
blood (27), and earlier studies of T cells reactive to cervical
cancer have predominantly relied on CD8* or CD4™ T cells
from peripheral blood lymphocytes (PBL) (2, 8, 19, 20, 24, 26,
29, 31); CD8" T cells infiltrating into cancer lesions have
recently been described to recognize HLA-A2-binding pep-
tides provided by HPV16 (11). Here, we describe that CD4™
tumor-infiltrating lymphocytes (TIL) expanded in vitro with
100 IU of interleukin-2 (IL-2) and 100 ng of IL-7 per ml,
obtained from a patient with cervical cancer, recognize freshly
isolated autologous (HPV33™) tumor cells as determined by
gamma interferon (IFN-v) secretion, which could be blocked
with a monoclonal antibody (MAb) directed against HLA-DR
but not with an MAD directed against MHC class I (Table 1).
In order to characterize the structural composition of TIL, we
implemented flow cytometry using a panel of 21 different TCR
VB-specific MAbs and TCR spectratype analysis of TCR VA
and VB chains (18), followed by DNA sequence analysis. The
TIL population exhibited less than 2% CD8" and more than
98% CD4" staining cells which predominantly express the
TCR VBI16 chain (Fig. 1), as defined by the MAb TAMAYAL.2
(Beckman/Coulter, Krefeld, Germany). This T-cell expansion
could not be detected in T cells obtained from peripheral
blood. Immunostaining of the freshly harvested tumor tissue
revealed that the TCR VB16™ T-cell population infiltrates into
the cancer lesion (Fig. 2).

In order to define the structural anatomy and the magnitude
of the T cells in different anatomic compartments, we per-
formed TCR VA/VB spectratype analysis (18) with freshly
isolated tumor tissue, in TIL, and in CD4* and CD8" sorted
PBL. No monoclonal TCRs could be detected in the tumor
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TABLE 1. TIL recognize autologous tumor cells”

Target Blocking MADb (pg/IJII;{\(IJ-"ycells)
Tumor None 0
TIL None 23
Tumor + TIL None 400
W6/32 400
1243 20

“ Autologous cervical cancer cells harboring HPV33 were tested for T-cell
recognition as determined by IFN-y and IL-2 secretion by ELISA. TIL secreted
IFN-v, but not IL-2 in response to tumor cells, which could be blocked with the
anti-DR-directed MAb L243. Blocking with the anti-DR-directed MAb clone
B8.12.2 showed a similar result in a parallel experiment.

specimen, but eight monoclonal TCR VA and three monoclo-
nal TCR VB chains were detected in the CD8™ but not in the
CD4" T-cell population in PBL (Table 2). Seven monoclonal
TCR VA and one monoclonal TCR VB (VB16) chains could
be identified in TIL. DNA sequence analysis of the TCR VA
chains in CD8" PBL revealed that the monoclonal TCR VA3
and VA9 chains are identical to those present in TIL, presum-
ably in the 2% CD8" T-cell population. Next, we sorted the
TCR VBI16" TIL population using the anti-VB16-directed
MAb TAMAYAL.2 and anti-murine immunoglobulin G

100
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(IgG)-directed immunomagnetic beads. After sorting, three
monoclonal TCR VA chains, including TCR VA10, VA21, and
VA22, could be detected (Table 2). Thus, other monoclonal
TCR VA chains identified in the TIL line may reside in the
minority (<4%) of TCR VBl16-negative T cells (Fig. 1).

Up till now, most studies dealing with CD4™ cellular im-
mune responses directed against HPV-associated products,
particularly E6 and E7, have focused on HPV16 or HPV1S (2,
8). However, HPV33, present in this case, contributes to the
high-risk HPV types but represents only a minority of cervical
cancer lesions (5). In order to assess immunoreactivity by TIL,
we tested a panel of different HPV33 peptides for T-cell rec-
ognition as determined in a 24-h IFN-vy secretion assay (Table
3). Based on a computer algorithm (13, 16), eight peptides
were selected based on potential binding to DR*0402. Pep-
tides were pulsed onto autologous macrophages, and one pep-
tide (HPV33 E7,; 4,) induced significant IFN-y secretion in
TIL, which could be blocked with the anti-DR-directed MAb
but not with control IgG. The same was found to be true for a
different peptide (HPV33 E7,_o,), which induced less IFN-y
secretion in TIL and could also be blocked with the MAb
directed against HLA-DR. Titration of these peptides onto
autologous cells showed that the peptide derived from HPV33
E7,5 ¢; (ASDLRTIQQLLMGTYV) represents the dominant
epitope defined by TIL (Fig. 3). In contrast, TIL did not se-
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FIG. 1. TCR VB families in PBL and TIL. PBL were gated on CD4™ or CD8" T cells and tested for expression of individual TCR VB chains by flow cytometry.
No major TCR VB expansion could be detected in PBL. In contrast, the majority of TIL (>98% CD4™") stained positive for the TCR VB16. +, detection of monoclonal

TCR VB chains as listed in Table 2.



6634 NOTES

CD3

J. VIROL.

CD4

CcD8

TCRVB16

FIG. 2. Detection of TCR VB16™" T cells infiltrating into cervical cancer. Serial sections from tumor tissue were stained for CD3, CD4, CD8, and TCR VB16" T
cells. Note that CD4™" T cells represent the majority of T cells and that TCR VB16™" T cells directly infiltrate the tumor lesion.

crete significant amounts of IFN-y in response to a peptide
from tetanus toxin.

In addition to autologous antigen-presenting cells, peptides
were also pulsed onto T2 cells transfected with HLA-
DR*0401. In contrast to autologous antigen-presenting cells,
TIL could exclusively recognize the HPV33 E7,; ¢, peptide
(Table 4). Similarly to autologous antigen-presenting cells, T-
cell recognition could be blocked with the anti-DR-specific
MADb but not with control IgG. At least two possibilities may
account for this observation. (i) The HPV33 E7,5 4, but not
the HPV33 E7,4_,, peptide may bind to HLA-DR*0401 and to
the autologous HLA-DR*0402 allele expressed by tumor cells.
(ii) The HPV33 E7,, 4, peptide may not be presented directly
but may first be engulfed (e.g., by macrophages), degraded,
transported to the cell surface, and presented by MHC class II
molecules. The latter possibility is unlikely, since not only
DR*0401-transfected T2 cells but also DR*0401-positive mac-
rophages are unable to present the HPV33 E7,,_, peptide to
TIL. Additionally, different TCR VA chains, either VAI10,
VA21, or VA22, paired to VB16™" T cells may account for the
differential recognition of the closely related HPV33 E7
epitopes.

The significance of CD4 "-mediated recognition of immune
responses directed against cervical cancer has already been
suggested in earlier studies. CD4* T-cell clones obtained from

peripheral blood from asymptomatic HPV16™ individuals re-
sponded to different amino acid stretches of the HPV E7
protein (2), predominantly to amino acids 67 to 98 of the
HPV16 E7 protein (8), to HPV16 L1 peptides (29), or to
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FIG. 3. Titration of HPV33 E7,5 g, peptides onto autologous antigen-present-
ing cells. Peptides were serially diluted and pulsed onto antigen-presenting cells,
incubated for 2 h at room temperature, and tested for CD4" VB16™ T-cell recog-
nition, as determined by IFN-y secretion. The peptide ASDLRTIQQLLMGTV
represents the dominant epitope.
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TABLE 2. Deduced TCR amino acid sequences”
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T-cell population TCR chain Variable region sequence CDR3 sequence Sequence of joining region

PBL-VA CD8" VA2 DSQPSDSATYLCA VSG NDMRFGAG (AJ43)
VA3* ADTASYFCA SRGGD NTDKLIFGTG (AJ34)
VA4 TLRDAAVYYCI LSFAS AGGTSYGKLTFGQG (AJ52)
VA9* FAQEEDSAMYYCA YGNNRLAFGKG (AJ7)
VA16 SALVSDSALYFCA VRHRI DTGRRALTFGSG (AJS)
VA21 QPGDSAVYFCA ASES GTSYGKLTFGQG (AJ52)
VA23 ASQPGDSATYLCA VRYLL SSGSARQLTFGSG (AJ22)
VA25 STYLCA VGPS SSGSARQLTFGSG (AJ22)

PBL-VB CD8" VB2 SAHPEDSSFYIC SARGGGSG NQPQHFGDG (BJ1-5)
VB3 SASTNQTSMYLCA SSLGVG YEQYFGPG (BJ2-7)
VB9 LELGDSAVYFCA SSQLWTSGAPP STDTQYFGPG (BJ2-3)

CD4" TIL-VA VA2 FNTSCGTDYLCA MSS DRGSTLGRLYFGRG (AJ18)
VA3* ADTASYFCA SRGGD NTDKLIFGTG (AJ34)
VA6 ASQLGDSAMYFCA MREGW AAGNKLTFGGG (AJ17)
VA9* FAQEEDSAMYYCA YGNNRLAFGKG (AJ7)
VAI10 (a) AAQPGDTGLYLCA GG SDGQKLLFARG (AJ16)
VAI10 (b) AAQPGDTGLYLCA GGP MDSSYKLIFGSG (AJ12)
VA21 PSQPGDSAVYFCA ASGG KLVFGKG (AJ57)
VA26 IYLCA GG SDGQKLLFARG (AJ16)

CD4* TIL-VB16 VBI16 PAELDSGVYFCA SSRGTSGTLK QYFGPG (BJ2-7)

TIL VBI16 sorted VA10 AAQPGDTGLYLCA GGP MDSSYKLIFGSG (AJ12)
VA21 PSQPGDSAVYFCA ASGG KLVFGKG (AJ57)
VA22 AVYFCA LS YGCCRLAFGKG (AJ7)

“ Monoclonal TCRs in CD8" or CD4" T-cell populations were identified by DNA sequence analysis as described previously (18). Exclusively the CDR3 region and
the adjacent variable and joining TCR segments are listed. Note that the CD4" VB16™ population represents 96% of all T cells in TIL (Fig. 1). Sorting of these VB16™
T cells yields a TCR VB16" VA10* VA21™" T-cell line. Note that in unsorted TIL, two TCR VA10 chains could be identified, but only one of these was present in
the VB16-sorted T-cell population [TCR VA10(b)]. *, identical TCR sequences in PBL and TIL. TCR VA chains combined with VB16 exhibit a common CDR3 motif:
TCR VA10 and TCR VA21 share glycine residues (bold), and TCR VA21 shares a serine residue (underlined) with VA22.

peptides provided by the less prevalent HPV59 and HPV68 in
the context of HLA-DR4 (17). The role of CD4™ T cells in
immune surveillance is further underscored by the observation
that CD4" T cells dominate in T-cell infiltrates in clinically
regressing genital warts (16). Additionally, decreased CD4"
T-cell numbers enhance progression of HPV-positive cervical
lesions to invasive cancer. This may be due to infection with
human immunodeficiency virus or to iatrogenically decreased
CD4" T-cell numbers (25). Women diagnosed with cervical
cancer appear to show lower CD4 counts than women with
preinvasive lesions or healthy controls (14).

TABLE 3. HPV33 E7,; 4, represents the dominant epitope
defined by CD4" VB16™ TIL®

IFN-vy secretion
(pg/ml per 1()6 cells per 24 h)

Peptide Sequence Aoon I
utologous cells .
(DR%O a2 T2 T2-DR0401

E7 0 0 0
E7193 PTDLYCYEQLSDSSD 0 0 0
E7¢_7s TVRLCVNSTASDLRT 0 0 0
E7,;3; ASDLRTIQQLLMGTV 4,000 0 4,800
E74,_ 76 NTTVRLCVNSTASDL 0 0 0
E7s_,¢ KPTLKEYVLDLYPEP 0 0 0
E7,,; KEYVLDLYPEPTDLY 0 0 0
E7._990 LRTIQQLLMGTVNIV 350 0 0
E759.93 IQQLLMGTVNIVVPT 0 0 0

QYIKANSKFIGITE 0 0 0

IFN-vy secretion by tumor- or peptide-reactive T cells served
as the marker for immune recognition in this study. However,
other Thl-associated cytokines, e.g., IL-2, appear to represent
a good marker for T-helper responses directed to different
20-mer peptides spanning the HPV16 E7 protein, as reported
in a different study (8). Interestingly, T-helper reactivity was
restricted to patients infected with HPV and associated with
viral persistence and disease progression (8). However, these
data have been generated by utilizing CD4 T cells from pe-
ripheral blood, which is easily accessible for screening but may
not necessarily reflect the in situ situation. Analysis of T cells
infiltrating into cancer lesions suggested that the expression of
HLA-DR by keratinocytes and an increased CD4 T-cell infil-
trate of the T-helper 2 type is correlated with high-grade squa-
mous intraepithelial lesions (1).

The biological role of CD4 T cells in orchestrating a cellular
immune response may be quite diverse. T-helper cells may
provide T-cell help for B-cell responses or cytolytic CD8* T

TABLE 4. HLA-DR-restricted recognition of HPV33 E7,5 g,
epitope by CD4* TIL*

IFN-vy secretion

Target cells Blocking MADb (pg/ml/2 x 10°

cells per 24 h)
Autologous macrophages 1gG 4,800
Anti-DR 400
T2-DR4 1gG 3,800
Anti-DR 0

“ Peptides were pulsed onto autologous antigen-presenting cells (1 pM), T2
cells, or T2 cells expressing the DR*0401 molecule and tested for T-cell recog-
nition by IFN-y secretion determined by ELISA. The HPV33 E7,; 4, peptide
could be presented by either autologous antigen-presenting cells or T2 cells
expressing DR*0401. Nontransfected T2 cells served as a negative control. A
tetanus toxin peptide (TT) (28) was not recognized.

“The HPV33 E7,5_g; peptide was pulsed onto autologous antigen-presenting
cells or T2 cells expressing HLA-DR*0401. Antigen-presenting cells were incu-
bated with IgG or anti-DR-directed MAbs (5 pg/well), and an IFN-y release
assay was performed. Different anti-DR-directed MAbs (clone 1243 and clone
B8.12.2) exhibited similar results. Data are from a blocking experiment with the
1243 MAD.
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cells. Alternatively, CD4™" T cells may themselves also be able
to mediate tumor regression (15, 30), even if tumor cells lack
MHC class II expression (23). This may be important since
MHC class I antigen processing or presentation defects appear
to be a common event associated with progression of cervical
cancer lesions (7). These data suggest that targeting MHC
class II responses may benefit patients suffering from cervical
cancer and represent an attractive approach to activate or to
expand T cells recognizing tumor cells in an MHC class II-
restricted fashion.
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University of Mainz, for MHC typing.
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