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Summary

Cell-mediated immunity directed against human papillomavirus 16
(HPV-16) antigens was studied in 16 patients affected with classic vulvar
intra-epithelial neoplasia (VIN), also known as bowenoid papulosis (BP). Ten
patients had blood lymphocyte proliferative T cell responses directed against
E6/2 (14–34) and/or E6/4 (45–68) peptides, which were identified in the
present study as immunodominant among HPV-16 E6 and E7 large peptides.
Ex vivo enzyme-linked immunospot–interferon (IFN)-g assay was positive in
three patients who had proliferative responses. Twelve months later, prolifera-
tive T cell responses remained detectable in only six women and the immuno-
dominant antigens remained the E6/2 (14–34) and E6/4 (45–68) peptides. The
latter large fragments of peptides contained many epitopes able to bind to at
least seven human leucocyte antigen (HLA) class I molecules and were strong
binders to seven HLA-DR class II molecules. In order to build a therapeutic
anti-HPV-16 vaccine, E6/2 (14–34) and E6/4 (45–68) fragments thus appear
to be good candidates to increase HPV-specific effector T lymphocyte
responses and clear classic VIN (BP) disease lesions.
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Introduction

The premalignant lesions of vulvar intra-epithelial neoplasia
(VIN) involve the mucosal and/or cutaneous epithelium of
the vulva. VIN may be human papillomavirus (HPV)-related
classic VIN or -unrelated VIN. The former is by far the most
frequent vulvar cancer precursor. It occurs in adult women
and tends to be multi-focal. It is caused by high-risk HPV
(HR-HPV) types, essentially type 16, and histologically is
made of poorly to undifferentiated basal cells and/or highly
atypical squamous epithelial cells [1]. The involvement of the
entire thickness of the epithelium defines grade 3 of the
disease. The disease progresses towards invasion in about 3%
of treated patients and 9% of untreated patients, according to
a review of more than 3000 cases [2]. Classic VIN can also
regress spontaneously [3] in young women presenting with

multi-focal pigmented papular lesions. Previously, we studied
a patient who presented with multi-focal classic VIN and
showed complete clearance of viral lesions 8 months after
disease onset and 2 months after electrocoagulation of less
than 50% of the classic VIN lesions [4]. Immunohistochemi-
cal study of her initial vulvar biopsy revealed a marked dermal
infiltrate containing a majority of CD4+ T lymphocytes and
an epidermal infiltrate made up of both CD4+ and CD8+ T
cells. She also showed a proliferating response against one
peptide from E6 protein and a high-frequency anti-E6 and
anti-E7 effector blood T cells by ex vivo enzyme-linked
immunospot–interferon-g (ELISPOT–IFN-g) assay just
before clinical regression. Such a study of blood cellular
immune responses, together with the analysis of vulvar biop-
sies obtained simultaneously and correlated with clinical
outcome, has not been reported previously. In an anti-HPV
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vaccine trial conducted by Davidson et al. [5], classic VIN
lesions regressed completely in a patient following vaccina-
tion. Interestingly, immunostaining of vulvar biopsy prior to
the vaccine showed a marked CD4+ and CD8+ T lymphocyte
infiltrate of both epithelial and subepithelial sheets. It may be
speculated whether the regression of these patient lesions
could be related to a spontaneous regression. Therefore, the
observation of a CD4+ and CD8+ infiltrate within subepithe-
lial and epithelial sheets in the biopsy and the visualization of
very strong blood anti-HPV T cell responses in patients with
classic VIN could be predictive of spontaneous clinical
outcome. It may also be thought that high numbers of blood
CD4+ and CD8+ lymphocytes after therapeutic vaccination
could allow clearance of HPV-16 lesions in classic VIN,
assuming that anti-HPV vaccine-induced T effector cells
could home into the HPV cutaneous and mucosal lesions. In
the present study, we assessed cellular responses against
HPV-16 E6 and E7 peptides in 16 patients presenting with
classic VIN with the aim of mapping and characterizing the
highest immunogenic regions from these proteins as poten-
tial candidates for a peptidic therapeutic vaccination.

We used HPV-16 classic VIN as the model of HPV-16 grade
3 cervical intra-epithelial neoplasia (CIN3), despite numer-
ous discrepancies between the diseases, such as: difference in
the keratinization of the epithelium; lower number of Langer-
hans cells in the cervical epithelium; presence of a cervical
transformation zone where the glandular epithelium is being
replaced by squamous epithelium; and evolution of
bowenoid papulosis (BP) towards invasive carcinoma less
frequent than in CIN3 [3,6]. Nevertheless, cellular immunity
plays a key role in the defence against all HPV-induced infec-
tions or lesions by destroying HPV-infected or -transformed
keratinocytes. Indeed, the incidence of HPV infections and
diseases increases significantly with CD4+ T cell impairment
in immunosuppressed individuals, such as transplanted or
human immunodeficiency virus (HIV)-infected patients
[7–10]. In asymptomatic HPV-16 infections, most women
resolve their infection spontaneously without clinical disease
[11] concomitantly with blood anti-HPV-16 T helper type 1
(Th1) CD4+ T cell responses [12,13]. Similarly, regression of
condyloma is associated with a dense epithelial cellular infil-
trate made up of both CD4+ and CD8+ T lymphocytes [14],
with a Th1 cytokine profile as measured by cytokine mRNAs
in interferon (IFN)-treated condylomas [15,16]. Proliferative
CD4+ T cell responses are also associated with spontaneously
regressive CIN3 [17]. The evolution of CIN3 towards invasive
cancers is featured by a decrease of CD4+ cellular infiltrate, an
increase of CD8+ T lymphocytes [18–20], the appearance of
suppressive T lymphocytes [21] and a loss of blood anti-
HPV-16 CD4+ activity [22,23]. In high-grade CIN, positive
intradermal reaction after intradermal injection of five
HPV-16 E7 large peptides correlated with the spontaneous
clearance of the lesions, which further indicates the presence
and the very important role of HPV-specific CD4+ T lympho-
cytes [24].

Patients and methods

Clinical status of the patients at time of entry
in the study

Sixteen consecutive classic VIN patients aged 24–67 years
(mean 41 � 9·6 years) (Table 1) entered the study. Classic
VIN first symptoms had appeared from 6 to 168 months
(mean 37 months � 52 months) prior to inclusion
(Table 1). Diagnosis was confirmed by standard pathological
analysis. HPV-16 was isolated from the lesions of all patients.
All except one were HIV-negative. Human leucocyte antigen
(HLA) class I and class II antigens were determined in every
case. At the time of study, 11 patients (nos 2, 3, 4, 5, 6, 8, 10,
11, 13, 14, 16) had suffered from recurrent lesions for more
than 6 months and experienced numerous relapses despite
multiple destructive treatments (cryotherapy, electrocoagu-
lation or laser surgery), local topical therapy (5-fluorouracil,
imiquimod) or systemic immunotherapy using IFN-a. The
five remaining patients (nos 1, 7, 9, 12, 15) were previously
untreated. Six of the 16 patients (nos 2, 5, 6, 12, 13, 15) had
been affected with high-grade CIN treated by surgery or
laser surgery and one patient suffered from anal intra-
epithelial neoplasia (AIN3) 18 months previously (no. 11).

Four patients (nos 3, 4, 6, 8) had no detectable vulvar
lesion after a recent treatment. The lesion surfaces in the
other 12 patients ranged between 0·5 and 20 cm2 (mean
4·1 cm2 � 2·6 cm2).

Blood samples

In accordance with the Ethics Committee of Cochin hospi-
tal, 150 ml blood samples were collected the day of entry in
the study in every patient after informed consent. In most
cases, blood samples were collected further every 6 months
for 12 or 18 months. Peripheral blood mononuclear cells
(PBMC) were isolated by centrifugation through lympho-
cyte separation medium (Pharmacia, Uppsala, Sweden) and
either used immediately or frozen with 10% dimethylsul-
phoxide (DMSO) and stored at -180°C in liquid nitrogen.

HPV-16 typing

HPV-16 typing was performed by polymerase chain reaction
(PCR) with DNA extracted from keratinocytes followed by
restriction mapping of the amplified products. Multiplex
PCR was performed using specific E6 HPV-16 and HPV-18
primers, as described previously [25]. HeLa and SiHa cell
lines were used as negative and positive controls, respectively.
After 40 cycles of amplification, products were analysed
on 5% polyacrylamide gels. When a HPV DNA band was
detected, the amplified product was digested with restriction
enzymes. The appropriate restriction pattern of amplified
products, together with its size, confers virtually 100% speci-
ficity on the PCR reaction.
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Synthetic peptides

Eighteen overlapping peptides (15-mer to 24-mer) spanning
the entire length of the E6 and E7 proteins (Table 2) were
synthesized by Neosystem (Strasbourg, France). Twelve short
peptides (8–10 amino acids) included into E6/2 (14–34) and
E6/4 (45–68) large peptides selected on the basis of the
presence of known motifs of binding to different HLA
class I molecules were synthesized by Chiron Mimotopes
(Emeryville, CA, USA).

T cell proliferation assay

PBMC (2 ¥ 105/200 ml) were cultured in 96-well round-
bottomed microtitre plates in complete medium with indi-
vidual antigenic peptides in triplicate. After 5 days of culture,
1 mCi of [3H]-TdR (NEN, Paris, France) was added to each
well for 18 h. Cells were harvested using an automatic cell
harvester (Skatron, Sterling, VA, USA) and [3H]-thymidine

incorporation was quantified by scintillation counting. Pro-
liferative responses with a stimulation index [SI = counts per
minute (cpm) in the presence of antigen/cpm in control
media which must be higher than 500 cpm] above 3 were
scored as positive.

Ex vivo ELISPOT assay for single cell IFN-g release

ELISPOT–IFN-g assays were performed as described previ-
ously [26]. Briefly, nitrocellulose plates (Multi-Screen HA;
Millipore, Bedford, MA, USA) were coated overnight at +4°C
with 0·1 mg of mouse anti-human IFN-g monoclonal anti-
body (mAb) (Genzyme, Russelheim, Germany). Plates were
washed with phosphate-buffered saline (PBS) and blocked
with RPMI-1640–glutamax medium (GibcoBRL, Paisley,
Scotland, UK) supplemented with penicillin (100 UI/ml),
streptomycin (100 mg/ml), non-essential amino acids (1%),
HEPES buffer (10 mM) (GibcoBRL), sodium pyruvate
(1 mM) (ICN, Costa Mesa, CA, USA) and 10% heat-

Table 1. Clinical and laboratory data at time of inclusion in the study.

Patient

Age

(years) HLA

HIV

status

Time elapsed

from classic

VIN clinical onset

Previous

treatments

Previous cervical

HPV disease

Size of

vulvar

lesions

1 23 A2/33,B7/55 Negative 6 months None None known 10 cm2

DR1501/1601

2 28 A2/32, B7/44 Negative 37 months Cryotherapy High grade CIN 1 cm2

DR1501/0801

3 67 A2/29, B44 Negative 13 months Surgery None known 0

DR1501/0701

4 64 A25/66, B7/55 Negative 8 months Surgery None known 0

DR1501/1501

5 41 A1/2, B7/44 Negative 160 months Efudix, interferon High grade CIN 0·5 cm2

DR1501/0404 or 0423

6 34 A3/28, B7/8 Negative 54 months Electrocoagulation High grade CIN 0

DR1501/0311

7 37 A28/29, B44/51 Negative 7 months None None known 2 cm2

DR1301/1101

8 53 A2/23, B35/62 Negative 11 months Electrocoagulation None known 0

DR0701/0701

9 34 A2/9, B13/15 Negative 6 months None None known 0·5 cm2

DR0701/0701

10 39 A2/9, B17/40 Negative 19 months Laser vaporization None known 4·09 cm2

DR0701/0411

11 50 A2/29, B7/37 Negative 18 months None High grade CIN 4·5 cm2

DR0701/1101

12 27 A1/2, B8 Negative 4 months None Low grade CIN 3 cm2

DR1501/0301

13 34 A1/2, B13/51 Negative 168 months Laser vaporization High grade CIN 20 cm2

DR0701/1101 Interferon, 5-FU

14 42 A3/29, B7/38 Negative 6 months Laser vaporization None known 2 cm2

DR1001/1101

15 38 A9/35, B44 Positive 18 months Imiquimod Low grade CIN 1 cm2

DR0301/1101

16 49 A11/19, B13/22 Negative 54 months Laser vaporization None known 0·5 cm2

DR0301/0701 Surgery

HLA, human leucocyte antigen; HIV, human immunodeficiency virus; HPV, human papillomavirus; VIN, vulvar intra-epithelial neoplasia.
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inactivated human antibody serum (complete medium)
for 2 h at 37°C. PBMC (4 ¥ 105 cells/well in 100 ml) were
incubated in duplicate with 5 mM of each peptide
in complete medium with 50 UI/ml interleukin (IL)-2
(Boehringer, Mannheim, Germany) for 48 h. Plates were
washed and 100 ml of polyclonal rabbit anti-human IFN-g
antibodies (Genzyme) diluted 1:250 were added. After over-
night incubation at +4°C, plates were washed and 100 ml of
polyclonal biotin-conjugated goat anti-rabbit IgG antibodies
(Boehringer) diluted 1:500 were added for 2 h at 37°C.
The plates were washed and incubated with alkaline
phosphatase-labelled extravidin (diluted 1/5000; Sigma-
Aldrich Chimie SARL, Lyon, France) for 1 h. Chromogenic
alkaline phosphatase substrate (Bio-Rad Laboratories, Her-
cules, CA, USA) was added to the wells to develop spots. Blue
spots were counted with an automatic microscope (Zeiss
Apparatus; Carl Zeiss, Göttingen, Germany). Negative con-
trols were PBMC incubated in complete medium alone.
Positive controls were obtained by activating PBMC with
50 ng/ml phorbol myristate acetate and 500 ng/ml ionomy-
cin (Sigma-Aldrich Chimie SARL) (2000 cells/well). Only
large spots with fuzzy borders were scored as IFN-g-spot-
forming cells (SFC). Responses were considered significant
when the mean number of SFC by 106 cells in two experi-
mental wells was superior to the highest either mean number
of SFC in the negative control (PBMC alone) plus 3 standard
deviations or number of SFC in the negative control (PBMC
alone) plus 25 SFC/106 cells.

HLA class I and peptide interactions

HLA molecules were purified from human Epstein–Barr
virus (EBV)-transformed cell lines by using affinity columns

coupled to various immunoglobulins (Igs), as described
previously [27,28]. After denaturation in urea plus NaOH,
HLA heavy chains and b2m were separated from endogenous
peptides then incubated with different concentrations of
exogenous peptides (10-4–10-10 M) and b2m. Reassembled
HLA/peptide complexes were trapped in microtitration plate
wells coated with anti-HLA monoclonal Igs, as described in
Bourgault et al. [27]. Correctly folded HLA complexes were
revealed with alkaline phosphatase-coupled antib2m Igs
(M28) with 4-methyl-umbelliferyl phosphate as a substrate
(M-8883; Sigma-Aldrich Chimie SARL). Fluorescence was
measured at 360/460 nm in a Microfluor reader (Victor
1420; Wallac, Turku, Finland). Results were expressed as the
lowest peptide concentrations yielding a significant binding
(20% of maximal fluorescence).

HLA-DR-specific binding assays

Purification of HLA-DR molecules and peptide binding
assays were performed as described previously [29,30].
These assays are specific for the HLA-DR molecules pre-
dominant in the European and North American popula-
tions, which are also frequent globally. Briefly, HLA-DR
molecules purified from EBV homozygous cell lines by affin-
ity chromatography were incubated with various concentra-
tions of the competitor peptides and an appropriate
biotinylated reference peptide. Unlabelled forms of the bioti-
nylated peptides were used as reference peptides to assess the
validity of each experiment. Their sequences and inhibitory
concentration (IC50) values were as follows: HA 306–318
(PKYVKQNTLKLAT) for DRB1*0101 (6 nM); DRB1*0401
(30 nM), DRB1*1101 (17 nM) and DRB5*0101 (8 nM), YKL
(AAYAAAKAAALAA) for DRB1*0701 (42 nM); A3152–166
(EAEQLRAYLDGTGVE) for DRB1*1501 (28 nM); MT 2–16
(AKTIAYDEEARRGLE) for DRB1*0301 (660 nM); B1 21–
36 (TERVRLVTRHIYNREE) for DRB1*1301 (268 nM); LOL
191–210 (ESWGAVWRIDTPDKLTGPFT) for DRB3*0101
(9 nM); and E2/E168 (AGDLLAIETDKATI) for DRB4*0101
(3 nM). The peptide concentration that prevented binding
of 50% of the labelled peptide (IC50) was evaluated. Data
were expressed as relative affinity: ratios of the IC50 of the
peptide by the IC50 of the reference peptide, which binds the
HLA II molecule strongly.

Results

T cell proliferative responses

Proliferation assays using E6 and E7 large peptides covering
both whole proteins performed at entry into the study
showed that blood T lymphocytes from 10 patients (nos 1, 2,
3, 4, 6, 8, 9, 11, 13, 14) proliferated in the presence of one to
10 peptides (Fig. 1). The strongest responses in eight patients
(nos 3, 4, 6, 8, 9, 11, 13, 14) were directed against both

Table 2. Synthetic large peptides from human papillomavirus-16 E6

and E7 proteins.

E6/1 (1–22) MGQKRTAMFQDPQERPRKLPQL

E6/2 (14–34) ERPRKLPQLCTELQTTIHDII

E6/3 (30–50) IHDIILECVYCKQQLLRREVY

E6/4 (45–68) LRREVYDFAFRDLCIVYRDGNPYA

E6/5 (61–80) YRDGNPYAVCDKCLKFYSKI

E6/6 (76–95) FYSKISEYRHYCYRLYGTTL

E6/7 (91–110) YGTTLEQQYNKPLCDLLIRC

E6/8 (105–126) DLLIRCINCQKPLCPEEKQRHL

E6/9 (121–140) EKQRHLDKKQRFHNIRGRWT

E6/10 (135–158) IRGRWTGRCMSCCRSSRTRRETQL

E7/1 (1–20) MGGDTPTLHEYMLDLQPETT

E7/2 (7–27) TLHEYMLDLQPETTDLYCYEQ

E7/3 (21–40) DLYCYEQLNDSSEEEDEIDG

E7/4 (35–55) EDEIDGPAGQAEPDRAHYNIV

E7/5 (43–57) GQAEPDRAHYNIVTF

E7/6 (60–74) KCDSTLRLCVQSTHV

E7/7 (65–87) LRLCVQSTHVDIRTLEDLLMGTL

E7/8 (78–98) TLEDLLMGTLGIVCPICSQKP

I. Bourgault Villada et al.
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peptides E6/2 (aa 14–34) and E6/4 (aa 45–68), whereas T
cells in patient 1 proliferated against peptide E6/4 and in
patient 2 against E6/2 only, respectively (Fig. 1). SI of these
strongest proliferative responses ranged from 3·1–22.
Peptide E6/7 (aa 91–110) stimulated blood T lymphocytes
from two patients (nos 2 and 6, SI = 3·8 and 4·3,
respectively). One patient each displayed responses against
peptide E6/5 (aa 61–80) (patient no. 6), peptide E6/8 (aa
105–126) (patient no. 6) and peptide E6/9 (aa 121–140)
(patient no. 11). Finally, no response could be detected
against peptides E6/1, E6/3, E6/6 and E6/10.

Only two patients (nos 2 and 6) had proliferative
responses against E7 peptides. E7/7 (aa 65–87) was the
better immunogenic peptide, recognized by two patients
(with SI of 4 and 6), peptides E7/2 (7–27), E7/3 (21–40),
E7/4 (35–55) and E7/8 (78–98) being recognized by only
one patient. Peptides E7/1, E7/5 and E7/6 yielded no
detectable response.

Ex vivo ELISPOT–IFN-g assays

This assay was performed with E6 and E7 large peptides at
entry into the study (Fig. 2). Numerous blood cells from
patient 1 recognized three HPV-16 long peptides: E6/4, E7/2
and E7/3 with mean 270, 65 and 430 SFC/106 PBMCs. In
patient 13 the recognized peptides were E6/7, E6/8, E7/1,
E7/2, E7/3 and E7/8, with a mean of 43, 50, 38, 34, 33 and 30
SFC/106 PBMCs. These two patients both had large lesions
(10 and 20 cm2, respectively). Nevertheless, their clinical
outcome was different. The first patient experienced a com-
plete and durable disappearance of the lesions 2 months after
entry into the study following the electrocoagulation of less
than 50% of the classic VIN lesion, whereas chronic and
extensive lesions persisted in the second patient despite laser
surgery.

With regard to the other women tested with smaller or no
detectable lesions, a single patient (no. 3, without lesion) had

Fig. 2. Ex vivo enzyme-linked

immunospot–interferon-g (ELISPOT–IFN-g)

responses in the three responder patients. Ex

vivo ELISPOT–IFN-g was performed as

described in Materials and methods using

peripheral blood mononuclear cells (PBMC)

(4·105 cells/well) incubated with different

peptides from E6 and E7 proteins (Table 2). The

number of spots was calculated per million of

PBMC.
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weak blood T cell responses against peptide E6/2, with mean
28 specific SFC/106 PBMCs. All three patients with a positive
ELISPOT–IFN-g assay exhibited proliferative responses
directed against the same or other E6 or E7 peptides.

Outcome of the proliferative responses

T cells from six (nos 1, 2, 3, 4, 6, 9) of the 10 patients with
initial proliferative responses still responded 12 months later,
one (no. 8) lost detectable responses and three patients (nos
11, 13, 14) were lost of sight (Fig. 3). In the six responder
patients, the recognized specificities were different from
those observed initially, with a broadening of peptide recog-
nition concomitant with a change on the recognition level of
some specificity. E6/2 (14–34) and E6/4 (45–68) peptides
were always the two that were recognized most strongly by
four (nos 1, 3, 6, 9) and three (nos 3, 4, 6) patients,
respectively. Four of these patients (nos 1, 3, 4, 9) received
destructive treatment and remained free of vulvar lesions 1
year later, patient 2 had persistent lesions without improve-
ment despite imiquimod therapy and patient 6 relapsed 12
months after the inclusion in the study.

Outcome of the ELISPOT–IFN-g responses

Patient 1, who had cleared more than 50% of her lesions
spontaneously, had no detectable ex-vivo blood T cell

effector cells 12 months later (data not shown). The two
patients with a low initial ex-vivo ELISPOT–IFN-g response
(nos 3 and 13) also had no detectable circulating effector
cells 12 months later, despite the persistence of the lesions in
patient 13 (data not shown).

Peptides E6/2 (14–34) and E6/4 (45–68) contain several
peptides that bind to HLA class II and class I molecules

In contrast to HLA class I molecules, class II molecules
accommodate peptides of various sizes. We therefore sub-
mitted the whole E6/2 and E6/4 peptides directly to HLA-
DR-specific binding assays, as these molecules are involved
frequently in T cell epitope presentation. E6/2 (14–34)
peptide bound to three of 10 HLA-DR molecules (Table 3).
At least one of these three HLA-DR molecules, DR3, DR7,
DR15, was shared by all except one responder studied. E6/4
(45–68) peptide bound to six of the 10 HLA class II mol-
ecules, DR1, DR4, DR7, DR11, DR15, DRB5, all shared by
our patients.

The HLA class I molecules binding of 12 short synthetic
peptides (8–10-mers) included into E6/2 (14–34) and E6/4
(45–68) large peptides was tested against seven supertypes of
HLA class I molecules (Table 4). Every short peptide was able
to bind to at least one HLA class I molecule. Binding affini-
ties ranged between 10-4 M (low HLA binders) and 10-9 M
(high binders).

Table 3. Human leucocyte antigen (HLA) class II molecule binding activity of E6/2 (14–34) and E6/4 (45–64) peptides.

Peptides

Relative binding activity Number

HLA IIDR1 DR3 DR4 DR7 DR11 DR13 DR15 DRB3 DRB4 DRB5

E6/2 (14–34) 632 8 > 333 5 > 577 > 30 71 169 1167 > 1208 3

E6/4 (45–68) 9 167 58 51 7 > 30 6 293 >3593 8 6

Peptide binding capacity was investigated by competitive enzyme-linked immunosorbent assays. Data are expressed as relative activity [ratio of the

inhibitory concentration (IC50) of the peptide by the IC50 of the reference peptide. which is a high binder to the HLA class II molecule]. Relative activities

inferior to 100 correspond to active peptides. Means were calculated from at least three independent experiments.

Table 4. Binding of human papillomavirus-16 short E6 peptides included into E6/2 (14–34) and E6/4 (45–68) to human leucocyte antigen (HLA) class

I molecules.

Peptides HLA molecule

Position Sequence A1/B18 A2 A3/11 A24 B7/35/51 B27 B44

15–22 RPRKLPQL 10-9

18–26 KLPQLCTEL 10-4

19–26 LPQLCTEL 10-5

21–30 QLCTELQTTI 10-5

24–33 TELQTTIHDI 10-5

26–34 LQTTIHDII 10-5

46–55 RREVYDFAFR 10-7

49–57 VYDFAFRDL 10-9

50–57 YDFAFRDL 10-6

52–60 FAFRDLCIV 10-4 10-6

54–61 FRDLCIVY 10-4 10-4 10-4

59–67 IVYRDGNPY 10-6

Binding capacities of peptides to immunopurified HLA class I molecules are expressed in M and have been evaluated from at least three independent

experiments.
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Discussion

Specific blood T CD8+ and CD4+ cells play an essential role
in the defence against HPV, as observed previously in
immunodeficient patients who are more susceptible to HPV
persistent infections [9]. The high frequency (62%) of pro-
liferative responses observed in classic VIN patients in the
present study is in accordance with previous reports of CIN3
[22]. In contrast, other groups found far fewer proliferative
responses (approximately 20%) in CIN3 [31–33]. These dis-
crepancies could be explained by the fact that some patients
with CIN3 show spontaneous regressions that might be asso-
ciated with strong proliferative responses, whereas in other
women the evolution towards invasive cancer is concomitant
with the loss of proliferative T lymphocyte activity [33]. The
high-level proliferative responses observed in our study
might reflect the fact that BP is an intra-epithelial vulvar and
perineal cutaneous and mucosal disease that progresses
exceptionally to invasive carcinoma. Indeed, the evolution of
BP towards invasive carcinoma is present in fewer than 3–4%
of patients [2,3], whereas CIN3 evolves towards invasion in
about 15% of cases [6].

Among 18 large peptides of the proteins E6 and E7, two
were recognized in proliferative assays as immunodominant
by T cells from 10 of 16 women (62%) at entry into the
present study, namely E6/2 (aa 14–34) and E6/4 (aa 45–68).
Four other peptides, E6/7 (aa 91–110), E7/2 (aa 7–27), E7/3
(aa 21–40) and E7/7 (aa 65–87), were recognized by only
12% of the women in proliferative or ELISPOT–IFN-g tests.
The E6 and E7 protein regions implicated in T cell recogni-
tion during HPV infection have not yet been well defined
because of the usually low frequency of anti-HPV blood T
cell responses and of the difficulties in studying them.

In protein E6, some peptides, including or overlapping
our peptides E6/2 (aa 14–34) and E6/4 (aa 45–68), have
already been described as recognized preferentially by CD4+

T cells. Among them, peptide E6 42–57, that is restricted by
the HLA-DR7 molecule, has already been identified [34].
Regions E6 1–31, 22–51 and 24–45 can be also immunogenic
for CD4+ T cells, as shown in CIN or sexually active healthy
women [35]. Region E6 42–71, which includes peptide E6/4
(aa 45–68), has also been described as a target of proliferative
responses in CIN patients [35]. Another E6111–158 region
was described previously as inducing proliferative responses
in infected asymptomatic subjects or in patients with CIN3
[33,35], as well as E6127–141 peptide in healthy young
women [36]. Similarly, peptides E7 43–77, E7 50–62 and E7
58–68, which are restricted by DR3, DR15 and DR17, respec-
tively, were defined as epitopic peptides for CD4+ T cells
[34,37,38], and E7 region 51–98, including our E7/7 (aa
65–87) peptide, is also very immunogenic for proliferating T
lymphocytes [22,23,31].

The characterization of E6 and E7 HPV-16 epitopes and
the HLA restriction of their recognition by CD8+ T lympho-
cytes are more precise: E6 29–38, E7 11–20, E7 82–90 and E7

86–93 epitopes are presented by HLA-A2 [39–41], E6 80–88
and E7 44–52 by HLA-B18 [27] and E6 49–57 by HLA-A24
[42]. In women who cleared HPV-16 infection, cytotoxic T
lymphocyte (CTL) responses are directed against epitopes
located preferentially in the N-terminal half of the E6
protein (region 16–40) [43]. In this fragment, the dominant
epitope E6 29–37 is restricted by HLA-B48, E6 31–38 by
HLA-B4002 and the subdominant epitope E6 52–61 by
HLA-B35 [44]. The same group had also shown that peptide
E6 33–42 61 is recognized by CD8+ T lymphocytes in asso-
ciation with HLA-A68, peptide E6 52–61 in association with
HLA-B57 and -B35, peptide E6 75–83 in association with
HLA-B62, peptide E7 7–15 in association with HLA-B48 and
peptide E7 79–87 in association with HLA-B60 [44–46]. In
addition, E7 7–15 is also able to bind HLA-A2 and -B8 to be
recognized by CTL [40,47].

From the latter results, two hot-spots of CD8+ T cell
epitopes in protein E6 may be located in the regions E6
29–38 and 52–61, and another in protein E7 (region E7
7–15) [44]. Nevertheless, poor immunogenicity of E7
protein has been observed in many studies during both
HPV-16 infection and after peptidic vaccination using long
peptides spanning both E6 and E7 [48–49], such as those
used in our study.

In this study we show that nearly the same regions of E6
protein (E6 14–34 and E6 45–68) are recognized by T lym-
phocytes from 10 of 16 patients presenting with classic VIN
(PB). We have not characterized fully the nature of prolifera-
tive effector cells by CD4+ or CD8+ depletion experiments,
except in patient 2, in whom the proliferative responses
involved CD4+ T lymphocytes (data not shown). These results
are consistent with CD4+ T cell responses, as large E6 peptides
are known to induce proliferative responses more than short
peptides. However, our previous study with short-term cul-
tures of patient 1’s lymphocytes showed a CD8+ epitope
included in peptide E6/4 (data not shown and [4]). Hence,
CD8+ T cells may also be involved in the proliferative
responses. In addition, we tested the binding of E6 and E7
short peptides included in E6/2 (aa 14–34) and E6/4 (aa
45–68) to seven different supertypes of HLA class I molecules
and we showed that regions E6 14–34 and E6 45–68 include
several peptides able to bind to several different HLA class I
molecules with a very high affinity (10-6–10-9 M).

Hence, the epitopes E6/2 14–34 and E6/4 45–68 could be
recognized strongly by CD4+ and/or CD8+ T lymphocytes
and could be particularly relevant in the design of a peptide
vaccination. It is worth noting that our patients had not
progressed towards invasive cancer of the vulva at their entry
into the study. We may hypothesize that the T cell responses
that we observed were able to contain the tumour cells in the
epithelium. Therefore, E6/2 14–34 and E6/4 45–68 peptides
could play a major role in protection against invasive cancer
by stimulating T lymphocytes.

Recently, Piersma et al. [50] have shown positive prolif-
erative responses of tumour-infiltrating lymphocytes against
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HPV-16 and HPV-18 E6 and E7 peptides in 23 of 54 patients
with invasive cervical cancer (42%) without preferential rec-
ognition of the immunodominant region. This observation
does not conflict with our data, the loss of the recognition of
immunodominant epitopes by invasive cancer infiltrating
T lymphocytes being able to reflect the development of
tumour cells which escape to the immune system.

We observed the preferential presence of certain HLA class
II DR molecules in our responding patients, HLA-DR15 and
HLA-DR7 in 50% of the responding women and DR11
in 30%. No such an association between HLA class II
molecules, T anti-HPV T cell responses and classic VIN has
been described previously. A significantly high frequency of
DRB1* 0901 or DQB1*03032 was observed in HPV-16-
positive CIN3/invasive cervical carcinoma patients in Japan
and China [51–53]. An increased risk of CIN3 has been
associated with DRB1*1501 or DQA1*0102 in New Mexico
[54]. Conversely, DRB1*1501 and DQB1*0602 haplotypes
were shown recently to be protective against CIN2+, espe-
cially in individuals infected with oncogenic HPV in Canada
[55]. In CIN1, DRB1*1301 was associated with an increased
probability of regression [56] and DR B1*11, DR B1*15, DR
B1*3 with persistence [57].

By studying the immunodominant E6 and E7 large pep-
tides in HLA-DR-specific binding assays, we observed that
E6/2 14–34 and E/4 45–68 peptides bound HLA-DR7, 11 and
15 (molecules shared by our patients) and to other HLA-DR
such as DR1, DR3, DR4, DRB5. Nevertheless, it remains to be
proven that HLA-DR molecules are the restricting element
for proliferative CD4+ T cells. Indeed, HLA-DQ and -DP
were described recently as proliferative response-restricting
elements during HPV-16 infection [58,59].

The present study shows that following the disappearance
of the lesions, either spontaneously or after destructive treat-
ment, proliferative responses can persist at least for 1 year
with a broadening of peptide recognition concomitant with
a loss of some specificities and acquisition of others. This
observation can be related to an immunospreading of the
cellular immune response following deliverance of new HPV
antigens in the blood after destruction of the lesions or to
recirculation of effector T lymphocytes from the epithelium
to the blood.

Using ELISPOT–IFN-g assay, ex-vivo frequencies of spe-
cific anti-E6 or E7 peptides T lymphocytes were stronger in
the present study in the two patients with large clinical
lesions of classic VIN compared to the patients with smaller
or no detectable lesions who had low blood T cell responses.
In a previous study, six of nine patients with classic VIN had
ex-vivo frequencies of specific anti-E6 or E7 peptides; CD8+

T lymphocytes comprised between 21 and 1360 SFC/106

CD4-depleted T lymphocytes [60]. However, no clinical cor-
relation was reported in the latter study. Our results may be
the consequence of better contact between T lymphocytes
and a large area of HPV-16-infected keratinocytes, generat-
ing better ex-vivo T cell responses. After treatment and

disappearance of the lesions in our patients, ex-vivo T cell
responses became undetectable by ELIPSPOT–IFN-g assay.

In conclusion, we have defined two immunodominant
regions in HPV-16 E6 protein. They were recognized by
blood effector T cells in 10 of 16 patients with classic VIN
and they contained epitopic peptides able to bind to 13 dif-
ferent HLA class I and class II molecules. These immun-
odominant regions could be included in a peptidic vaccine
in order to bypass the major histocompatibility complex
barrier restriction for building a therapeutic anti-HPV-16
vaccine usable in previously HPV-16-infected women.
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