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Abstract The association between the CD8+ T-cell
responses to human papillomavirus type 16 (HPV-16) E6
protein and a favorable clinical trend has been demonstrated
previously. The roles of human papillomavirus (HPV)-spe-
ciWc CD4+ T-cell responses and of regulatory T-cells (Tregs)
were examined. Subjects with a recent history of abnormal
Papanicolaou smear were eligible, and colposcopy-guided
biopsy was performed at enrollment. Interferon-� enzyme-
linked immunospot assay and Xuorescent-activated cell
sorter analysis to measure the frequencies of Tregs were per-
formed. Subjects with histological diagnoses of cervical
intraepithelial neoplasia 1, 2, or 3 were considered to have
short-term persistence of cervical abnormality and were
called “persistors” (n = 51) while those of normal histology
were designated to be “regressors” (n = 33). A signiWcantly
higher percentage CD4+ T-cell response was detected in the

regressors (15/33 or 45.5%) compared with the persistors
(10/51 or 19.6%) (P = .015) for the E6 peptides but not for
the E7 peptides. The CD4+ responses to certain E6 regions
[E6(16–40), E6(91–115), E6(106–130), and E6(136–158)]
were also signiWcantly higher in the regressors. Although
there was no diVerence in the frequencies of Tregs between
the two groups, low frequencies of Tregs were signiWcantly
associated with positive CD4+ T-cell responses within
certain E6 regions [E6(16–40), E6(31–55), E6(76–100),
E6(91–115), and E6(106–130)]. The CD4+ and CD8+ T-cell
responses to the HPV-16 E6 protein are associated with a
favorable clinical trend. The HPV-16 E6 protein should be
incorporated in the design of an HPV therapeutic vaccine.

Keywords Human papillomavirus · CD4 T-cell · 
Regulatory T-cell · Vaccine

Introduction

Cervical cancer is the second most common cancer in
women worldwide and accounts for almost 12% of all can-
cers in women [1]. Globally, it is estimated that cervical
cancer aVects approximately 500,000 women each year, of
whom, 80% live in developing countries [2]. In the United
States, approximately 12,200 women are diagnosed with
invasive cervical cancer and about 4,210 deaths from the
disease are reported each year [3]. There is clear a molecu-
lar epidemiologic evidence that links human papillomavi-
rus (HPV) to invasive cervical cancer [4, 5], and HPV is
found in 99.7% of cervical cancer cases [5].

The lifetime risk of acquiring high-risk HPV is 50% and
that of developing precursor lesions of cervical cancer requir-
ing treatment is 10% [6]. Precursor lesions are abnormal
growths of squamous cells of the cervix and are graded as
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either low-grade squamous intraepithelial lesions [LSILs or
cervical intraepithelial neoplasia 1 (CIN1)] or high-grade
squamous intraepithelial lesions [HSILs or cervical intraepi-
thelial neoplasia 2 (CIN2)–cervical intraepithelial neoplasia 3
(CIN3)]. Most LSILs regress spontaneously, and therefore,
patients with LSILs are observed closely [7, 8]. However,
some LSILs do progress to HSILs. As LSILs progress to
HSILs, viral DNA integration takes place and initiates trans-
formation events mediated by two oncogenic proteins: E6
and E7 [9]. Approximately two-thirds of HSILs are expected
to persist, and the likelihood of untreated HSILs, particularly
CIN 3, progressing to invasive cancer is greater than 12%
[9–11]. Women with HSILs are therefore typically treated
with loop electrosurgical excision procedure.

Cell-mediated immune responses involving CD4+ and
CD8+ T-cells are thought to be responsible for eradicating
established HPV infections resulting in spontaneous regres-
sion of approximately 50–90% of CIN 1, 40% of CIN 2,
and 30% of CIN 3 [9, 12, 13]. SpeciWcally, immune
responses against E6 and E7 may play a role in modulating
HPV infection and HPV-associated disease [14]. Cytotoxic
CD8+ T-cell responses to human papillomavirus type 16
(HPV-16) E6 or E7 protein have been detected in HPV-16-
positive women without CIN lesions more commonly than
in HPV-16-positive women with CIN, suggesting that
CD8+ T cells have a protective role against disease [15].
Moreover, CD8+ T-cell responses to the HPV-16 E6 pro-
tein, but not the E7 protein, have been shown to be signiW-
cantly associated with viral clearance of HPV-16 in women
with no evidence of squamous intraepithelial lesion (SIL)
[16]. In our most recent work, we evaluated women with
cervical abnormalities and demonstrated that a favorable
clinical outcome is signiWcantly associated with CD8+
T-cell responses to HPV-16 E6 protein, but not E7 protein
[17]. Surprisingly, these responses were detected not only
in women with HPV-16 infection, but also in women with
other high-risk HPV types, raising a possibility that these
responses may be cross-reactive among high-risk HPV
types. Regulatory T cells (Tregs), well known for their role
in the modulation of immune responses, have also been
shown to inXuence HPV pathogenesis [18, 19]. The goals
of the current study were to examine the roles of CD4+
T-cell responses to the HPV-16 E6 and E7 proteins and of
Tregs in the outcomes of subjects being studied for abnor-
mal Papanicolaou (Pap) smear results.

Materials and methods

Study design and subjects

The study protocol was approved by the institutional review
board of the University of Arkansas for Medical Sciences

(UAMS). Patients were recruited from the Obstetrics and
Gynecology clinics at UAMS. Informed consent was obtained
from all participants. Eighty-eight patients were enrolled for
having a recent history of abnormal Pap test results which had
not been treated. Colposcopy-guided biopsy was performed at
the enrollment visit. The exclusion criteria were pregnancy,
immunodeWciency, and inability to give consent. On the day
of enrollment, cervical cytology specimens were collected in a
ThinPrep® liquid PAP vial (Cytyc Corp., Boxborough, MA)
for HPV-DNA testing. In addition, 60 ml of heparinized
whole blood was collected to perform interferon-� (IFN-�)
enzyme-linked immunospot (ELISPOT) assay, and Xuores-
cence-activated cell sorting (FACS) analysis of Tregs. Sub-
jects were classiWed as “regressors” (n = 33) if the histologic
evaluation on the day of enrollment showed negative results,
or as “persistors” (n = 51) of short-term cervical abnormalities
if the histologic diagnosis was CIN 1, 2, or 3. Other subjects
who did not meet the criteria for either group due to inade-
quate sample collection or equivocal diagnosis were classiWed
as “indeterminates” (n = 4).

HPV-DNA testing

HPV-DNA testing was performed using the Linear Array
HPV Genotyping Test (Roche Diagnostics, Indianapolis, IN)
according to manufacturer’s instructions. This test detects 37
anogenital HPV types: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40,
42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68,
69, 70, 71, 72, 73 [MM9], 81, 82 [MM4], 83 [MM7], 84
[MM8], IS39, and CP6108. The human �-globin signal was
also assayed as a positive control for sample adequacy of
DNA content. Subjects were categorized for being positive
for HPV-16, HPV-16-related types (16, 31, 33, 35, 52, 58,
and 67) [20], and/or high-risk HPV types (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 68, 73, and 82) [21].

Establishing CD4+ T-cell lines

An in vitro stimulation protocol previously developed for
establishing CD8+ T-cell lines was modiWed [22]. Periphe-
ral blood mononuclear cells (PBMC) were isolated from
heparinized whole blood. CD14+ monocytes were magneti-
cally selected from PBMC using a commercially available
kit (CD14 MicroBeads, Miltenyi Biotec, Auburn, CA).
CD14+ monocytes, CD14-depleted PBMC, and PBMC (for
Treg analyses) were cryopreserved. Autologous immature
dendritic cells (DCs) were established by growing thawed
monocytes in the presence of granulocyte–macrophage col-
ony-stimulating factor (50 ng/ml) and recombinant inter-
leukin-4 (100 U/ml) for 5 days. They were matured by 48-h
culture in wells containing irradiated mouse L cells
expressing CD40 ligands and containing exogenous E6-GST
and E7-GST proteins (5 �g/ml each) [15]. CD4+ T cells
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were selected from thawed CD14-depleted PBMC using a
commercially available magnetic kit (CD4 T-cell Isolation
Kit, Miltenyi Biotec). CD4+ T-cell lines were established
by combining the CD4+ T cells with the autologous mature
DCs pulsed with the recombinant E6-GST and E7-GST
proteins. After 7 days, another round of in vitro stimulation
was repeated for additional 7 days.

IFN-� ELISPOT assay

IFN-� ELISPOT assay was performed as previously
described [22]. Each peptide pool or region contained three
15-mer peptides overlapping by 10 central amino acids; for
example, pool E6(1–25) contained 15-mer peptides E6(1–
15), E6 (6–20), and E6 (11–25). The following were the
regions covered by the E6 and E7 peptide pools: E6(1–25),
E6(16–40), E6(31–55), E6(46–70), E6(61–85), E6(76–100),
E6(91–115), E6(106–130), E6(121–145), E6(136–158),
E7(1–25), E7(16–40), E7(31–55), E7(46–70), E7(61–85),
and E7(76–98). Spot-forming units (SFUs) formed by IFN-
�-secreting cells were counted with an automated ELISPOT
analyzer (Cell Technology Inc., Jessup, MD). Immune
response was expressed as the ratio of the averaged number
of SFUs in peptide wells divided by the averaged number
of SFUs in no-peptide medium wells. A peptide region was
considered to be positive if the ratio was equal to or greater
than 2 [23].

Treg staining and analysis

Thawed PBMC were stained with relevant isotype controls
and the following monoclonal antibodies: Xuorescein
isothiocyanate-labeled anti-human CD4 (clone RPA-T4),
PerCP-Cy5.5-labeled anti-human CD25 (clone BC96), allo-
phycocyanin-labeled anti-human Foxp3 (clone PCH101),
and phycoerythrin-labeled anti-human CTLA-4 (clone 14D3).
All of the antibodies were purchased from eBiosciences (San
Diego, CA). PBMC were Wrst stained with antibodies for sur-
face markers CD4 and CD25. Intracellular Foxp3 and
CTLA-4 staining was performed using the Foxp3 staining kit
according to the manufacturer’s instructions (eBiosciences).
Flow cytometric analysis was performed with a FACSCali-
bur using a CellQuest software (Becton–Dickinson Biosci-
ences, San Jose, CA). Ten thousand events were analyzed per
sample. Tregs were deWned as CD4+CD25+Foxp3+ or
CD4+CD25+Foxp3+CTLA-4+, and the frequency was
expressed as a percentage of CD4+CD25+Foxp3+/CD4+ or
CD4+CD25+Foxp3+CTLA-4+/CD4+.

Statistical analysis

Comparisons of demographic characteristics between the
regressors and the persistors were made by the Wilcoxon

rank-sum test on age, Fisher’s exact test on race and ethnic-
ity, and Kruskal–Wallis test on the median number of days
between the prior Pap test cytological diagnosis visit and
the histologic diagnosis visit (enrollment visit). A compari-
son of any positive immune responses to HPV-16 E6 pro-
tein or E7 protein between the regressors and the persistors
was conducted using the Fisher’s exact test in order to
determine whether the CD4+ T-cell immune responses
were associated with a favorable clinical outcome. The
comparisons were repeated for subgroups of subjects based
on the HPV-DNA results, i.e., high-risk HPV positive,
HPV-16-related positive, and HPV-16 positive. Further
comparisons were made for each of the regions covered by
the E6 or E7 peptide pools. The relationship between the
numbers of positive E6 or E7 regions and clinical trend was
also evaluated using the Fisher’s exact test. To examine
whether the positive CD4+ T-cell responses to HPV-16 E6
or E7 peptides may be attributed to cross-reactivity to other
HPV types, HPV-16 infected subjects were removed in the
analysis of CD4+ T-cell responses (non-HPV-16-positive
subjects). In the non-HPV-16-positive group, a comparison
of positive E6 or E7 CD4+ T-cell responses between the
regressors and the persistors was conducted using the
Fisher’s exact test.

With regard to frequencies of circulating Tregs, the
regressors and the persistors were compared using the
unpaired two-tailed Student’s t test. The comparisons were
repeated for subgroups of subjects based on the HPV-DNA
typing results. Furthermore, comparisons of mean Treg fre-
quencies between those subjects with positive immune
responses (E6 overall, each of the E6 regions, E7 overall, or
each of the E7 regions) and those subjects with negative
immune response to E6 overall or E7 overall were made
using the unpaired two-tailed Student’s t test.

An analogous study, examining the CD8+ T-cell
responses to HPV-16 E6 and E7 peptides in the same patient
population, has been described [17]. Comparisons between
CD4+ and CD8+ T-cell responses were made among regres-
sors or persistors who were evaluated using Pap test prior to
the enrollment and using biopsy on the day of enrollment.
The Fisher’s exact test was performed. SigniWcance was
determined as P < 0.05. All of the analyses were performed
with SAS 9.2 (SAS Institute Inc., Cary, NC).

Results

Patient characteristics

A summary of demographic characteristics of the regres-
sors and the persistors is shown in Table 1. There were no
signiWcant diVerences for all characteristics including the
median number of days between the prior Pap test cytological
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diagnosis (“previous” visit) and the histologic diagnosis
(“enrollment” visit), which was 84 days [interquartile range
(IQR) 60–119 days] for the regressors and 64 days (IQR
50–119 days) for the persistors.

HPV-DNA typing

HPV-DNA typing was performed on ThinPrep specimens
collected on the day of enrollment from all 88 subjects. One
sample had inadequate DNA for typing. Overall, at least 1
type of HPV-DNA was detected in 83 (95.4%) of 87 sub-
jects. HPV-16 was the most commonly detected type
(n = 22, 25.3%) followed by HPV-39 (n = 17, 19.5%),
HPV-54 (n = 15, 17.2%), HPV-51 (n = 14, 16.1%), and
HPV-35 (n = 13, 14.9%). In regard to the number of HPV
types detected, 28 (32.2%) of 87 subjects had a single
detectable HPV type; 2 HPV types were detected in 14
(16.1%) subjects; 3 HPV types in 14 (16.1%) subjects; and
4 or more types in 27 (31.0%) subjects. Fifty subjects
(57.5%) were positive for at least 1 HPV-16-related types
and 72 (82.8%) for high-risk HPV types.

CD4+ T-cell responses to HPV-16 E6 and E7

The CD4+ T-cell responses to HPV-16 E6 peptides were
signiWcantly higher in the regressors (15/33 or 45.5%)

compared with the persistors (10/51 or 19.6%) (P = .015).
Although the percentage in the CD4+ T-cell responses to
HPV-16 E7 antigens was also higher in the regressor
group (5/33 or 15.2%) compared with the persistor group
(3/51 or 5.9%), the diVerence was not statistically signiW-
cant (P = .25). Additional comparisons were made for
subgroups of subjects based on HPV-DNA detected
(Table 2).

Further comparisons were made for each of the ten E6
regions or six E7 regions. The comparisons reached statisti-
cal signiWcance for the following regions between the
regressors and the persistors: E6(16–40) (24% vs. 2%,
P = .0020), E6(31–55) (21% vs. 6%, P = .044), E6(61–85)
(12% vs. 0%, P = .021), and E6(91–115) (18% vs. 2%,
P = .013). Among the subjects who were high-risk HPV-
positive, the comparisons reached statistical signiWcance
for the following regions: E6(1–25) (18% vs. 2%,
P = .035), E6(16–40) (23% vs. 2%, P = .012), E6(61–85)
(14% vs. 0%, P = .031), E6(91–115) (23% vs. 2%,
P = .012), E6(106–130) (27% vs. 4%, P = .012), and
E6(136–158) (18% vs. 2%, P = .035). Among subjects who
were positive for HPV-16 related types, the comparisons
were signiWcant for E6(1–25) (17% vs. 0%, P = .047),
E6(16–40) (22% vs. 0%, P = .016), E6(61–85) (17% vs.
0%, P = .047), E6(91–115) (22% vs. 0%, P = .016),
E6(106–130) (28% vs. 3%, P = .023), and E6 (136–158)
(17% vs. 0%, P = .047). No comparisons were signiWcant
among the HPV-16 positive subjects.

Overall, 27 (32.1%) of 84 subjects demonstrated at least
1 positive peptide region within E6 and/or E7. Fourteen
subjects (16.7%) were positive for 1 region; 3 subjects
(3.6%) for 2 regions; 2 subjects (2.4%) for 3 regions; 3 sub-
jects (3.6%) for 4 regions; 1 subject (1.2%) for 6 regions; 1
subject (1.2%) for 7 regions; 1 subject (1.2%) for 8 regions;
1 subject (1.2%) for 10 regions; and 1 subject (1.2%) for 12
regions. Additionally, the numbers of positive peptide
regions within E6 or E7 were compared, and the regressors
were more likely to have 2 or more E6-positive (P = .0035)
or E7-positive (P = .042) peptide regions as compared with
the persistors (Table 3).

To examine whether the positive CD4+ T-cell responses
to HPV-16 E6 and E7 peptides may be attributed to cross-
reactivity to other HPV types, HPV-16 infected subjects

Table 1 Demographic characteristics

Characteristic Regressors 
(n = 33)

Persistors 
(n = 51)

Age (year)

Median 23.1 23.7

Range 18.1–47.9 19.7–56.4

Race, no. (%)

Black 14 (42.4) 20 (39.2)

White 19 (57.6) 28 (54.9)

Native Hawaiian 1 (2.0)

More than one race 2 (3.9)

Ethnicity, no. (%)

Hispanic or Latino 1 (3.0) 3 (5.9)

Not Hispanic or Latino 32 (97.0) 48 (94.1)

Table 2 HPV-16 E6- or 
E7-speciWc IFN-� ELISPOT 
assay results based on clinical 
trend

StratiWcation 
by HPV types

E6-positive, no. (%) E7-positive, no. (%)

Regressors Persistors P Regressors Persistors P

All 15/33 (45) 10/51 (20) .015 5/33 (15) 3/51 (6) .25

High-risk HPV 8/22 (36) 9/46 (20) .15 2/22 (9) 3/46 (7) .66

HPV-16-related 6/18 (33) 5/30 (17) .29 2/18 (11) 1/30 (3) .55

HPV-16 3/10 (30) 3/11 (27) .64 0/10 (0) 1/11 (9) 1.0Bold value is statistically 
signiWcant (P < 0.05)
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were removed in the analysis of CD4+ T-cell responses
(non-HPV-16-positive subjects). Overall, positive CD4+
T-cell responses were detected against the HPV-16 E6 pro-
tein (20/63 or 31.7%) or the E7 protein (7/63 or 11.1%) in
subjects without detectable HPV-16 infection. When the
results were evaluated based on clinical trends, the CD4+
T-cell responses to the HPV-16 E6 peptides were detected
in 12 of 23 regressors and 8 of 40 persistors (52.2% vs.
20.0%, P = .012). The responses to the HPV-16 E7 pep-
tides were positive in 5 of 23 regressors and 2 of 40 persis-
tors (21.7% vs. 5.0%, P = .089).

Frequencies of circulating Tregs

The frequencies of CD4+CD25+Foxp3+ or CD4+CD25+
Foxp3+CTLA-4+ Tregs were analyzed in PBMC samples
available from 75 subjects. The mean percentage of
CD4+CD25+Foxp3+ Tregs was 3.01% (standard error of the
mean [SEM] 0.21%) for the regressors (n = 30) and
2.96% (SEM 0.15%) for the persistors (n = 45, P = .86)

(Table 4A). The results comparing the mean percentages of
CD4+CD25+Foxp3+CTLA-4+ Tregs were similar (P = .83)
(Table 4B). Additional comparisons in subgroups of subjects
based on HPV status did not reveal any signiWcant diVerences.

Whether the CD4+ T-cell immune responses against E6 or
E7 peptides are associated with the low frequencies of circu-
lating Tregs was examined. Mean percentage of CD4+
CD25+Foxp3+ Tregs among subjects with positive CD4+
T-cell responses to E6 overall or to each of the E6 regions
were compared with the Treg percentage in subjects with no
E6 response (Fig. 1a). SigniWcant associations were
found for E6(16–40), E6(31–55), E6(76–100), E6(91–115),
and E6(106–130) regions. In high-risk HPV-positive subjects,
mean percentage of Tregs was signiWcantly lower in subjects
with positive responses to E6 overall (P = .0016) and to mul-
tiple E6 regions (Fig. 1b). In HPV-16-related-positive sub-
jects, mean percentage of Tregs was signiWcantly lower in
subjects with positive responses to E6 overall (P = .024) and
the E6(76–100) region (P = .023) (data not shown). In HPV-
16-positive patients, no E6 region was signiWcant (data not
shown). No signiWcant comparisons were found for any of the
analyses for E7 (data not shown). The results were similar
when mean percentages of CD4+CD25+Foxp3+CTLA-4+
were examined (data not shown).

Comparisons of CD4+ and CD8+ T-cell immune responses

Previously, we used the same sets of HPV-16 E6 and E7
peptides to assess CD8+ T-cell responses in subjects who
were recruited from the same clinics [17]. Comparisons
between the CD4+ and CD8+ responses among the regres-
sors or persistors (Fig. 2) revealed no signiWcant diVerence
except for the HPV-16 E7(46–70) region. Among the per-
sistors, 3 of 21 subjects (14%) demonstrated CD8+
response to this region while none of 51 (0%) demonstrated
CD4+ responses (P = .028).

Table 3 Comparison between regressors and persistors in the number
of positive CD4+ T-cell peptide region(s) in E6 or E7

Number of positive 
peptide region(s)

0 1 ¸2 Total

E6-positive

Regressor, no. 18 5 10 33

Persistor, no. 41 8 2 51

Total 59 13 12 84

E7-positive

Regressor, no. 28 1 4 33

Persistor, no. 48 3 0 51

Total 76 4 4 84

Table 4 Comparison of the mean percentage of circulating Tregs in CD4+ T-cell population between regressors and persistors stratiWed by HPV
status

(A) CD4+CD25+Foxp3+Tregs and (B) CD4+CD25+Foxp3+CTLA-4+ Tregs

HPV types Regressor (%) Persistor (%) DiVerence (%) P

(A) Mean percentage of CD4+CD25+Foxp3+Tregs in CD4+T-cell population

All (n = 75) 3.01 (SEM 0.21, n = 30) 2.96 (SEM 0.15, n = 45) 0.05 .86

High-risk HPV (n = 60) 2.75 (SEM 0.20, n = 20) 2.96 (SEM 0.16, n = 40) ¡0.20 .46

HPV-16-related (n = 43) 2.74 (SEM 0.20, n = 16) 2.95 (SEM 0.19, n = 27) ¡0.21 .47

HPV-16 (n = 20) 2.66 (SEM 0.27, n = 10) 2.96 (SEM 0.32, n = 10) ¡0.30 .49

(B) Mean percentage of CD4+CD25+Foxp3+CTLA-4+ Tregs in CD4+ T-cell population

All (n = 75) 1.58 (SEM 0.12, n = 30) 1.55 (SEM 0.10, n = 45) 0.03 .83

High-risk HPV (n = 60) 1.48 (SEM 0.14, n = 20) 1.53 (SEM 0.09, n = 40) ¡0.05 .74

HPV-16-related (n = 43) 1.47 (SEM 0.11, n = 16) 1.53 (SEM 0.10, n = 27) ¡0.06 .70

HPV-16 (n = 20) 1.47 (SEM 0.17, n = 10) 1.55 (SEM 0.11, n = 10) ¡0.08 .72
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Discussion

Our group has previously demonstrated that the CD8+ T-
cell immune responses against the HPV-16 E6 protein but
not the E7 protein were signiWcantly associated with a
favorable clinical trend in subjects being followed for cer-
vical abnormalities [17]. The goals of the current study
were to examine the roles of the CD4+ T-cell immune
responses and the Tregs in the outcomes of the patients
from the same clinics. For the CD4+ T-cell responses, not

only were the responses to E6 overall (Table 2) associated
with a favorable clinical outcome, but also to a number of
regions within the E6 protein. Furthermore, the regressors
were more likely to have 2 or more E6-positive or E7-posi-
tive peptide regions as compared with the persistors
(P = .0035 or P = .042, respectively) (Table 3).

Other studies have also examined cell-mediated immu-
nity against HPV-16 E6 and E7 antigens but did not reach
the same conclusions. A study by Kadish et al. [24] evalu-
ated cell-mediated immune response to HPV-16 E6 and E7
peptides in women with biopsy-conWrmed CIN 1 and 2.
Positive lymphoproliferative responses to E7(37–54) pep-
tide were signiWcantly associated with regression of cervi-
cal disease and viral clearance; however, they did not Wnd a
signiWcant association between proliferative responses to
the E6 peptides. Possible reasons for the diVerent conclu-
sions reached by us and by Kadish et al. include the diVer-
ent methods used for measuring the T-cell responses to
HPV-16 E6 and E7 antigens, and the diVerent manners by
which the subjects were characterized. A study by Steele
et al. [25] observed a high percentage (78%) of T-cell
responses against HPV-16 antigens (E6, E7, E4, L1, and
L2) in women with a spectrum of cervical diseases. In

Fig. 1 a Comparison of the mean CD4+CD25+Foxp3+ Treg frequen-
cies of patients (n = 75) with positive CD4+ T-cell responses to HPV-
16 E6 or to diVerent regions within E6 to those with no E6 response.
b Comparison of the mean CD4+CD25+Foxp3+ Treg frequencies of
high-risk HPV-positive patients (n = 60) with positive CD4+ T-cell
responses to HPV-16 E6 or to diVerent regions within E6 with those
with no E6 response. *SigniWcance was determined as P < 0.05. The
bars represent the SEM

Fig. 2 a Comparisons of CD4+ (n = 33) and CD8+ (n = 24) T-cell
responses among regressors. b Comparisons of CD4+ (n = 51) and
CD8+ (n = 21) T-cell responses among persistors. *SigniWcance was
determined as P < 0.05. Filled bars represent CD4+ and empty bars
represent CD8+ responses
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particular, CD8+ T-cell responses to the E6 peptides were
frequently detected across all disease levels including cer-
vical carcinoma. Therefore, the authors concluded that the
E6-speciWc CD8+ T cells were not important in disease
clearance. On the other hand, the overall CD4+ T-cell
responses were less frequent among those with progressive
disease, namely CIN 1, CIN 2, and CIN 3, possibly indicat-
ing the association between the lack of CD4+ T-cell
response and disease progression. They concluded that the
CD4+ T cells were important in controlling cervical dis-
ease. This was a cross-sectional study, and the subjects’
clinical status was not evaluated over time. Therefore, it is
diYcult to make a comparison with our study. Trimble
et al. [26] reported that HPV-16 E6- and E7-speciWc
responses measured in the peripheral blood by IFN-� ELI-
SPOT assay were detectable but did not correlate with
spontaneous regression of lesions in patients with HPV-16
infection and CIN2/3 disease. This was in spite of the fact
that one in four HPV-16+ CIN2/3 lesions underwent com-
plete histologic regression within a 15-week period. Their
in vitro stimulation protocol that involved incubating
PBMC with HPV peptides and recombinant interleukin-2
for 9 days may not have been robust enough to expand
suYcient numbers of memory HPV-speciWc T cells.

To determine whether the positive CD4+ T-cell
responses to HPV-16 E6 or E7 peptides may be attributed
to cross-reactivity to other HPV types, HPV-16 infected
subjects were removed from the analysis of all subjects. In
this non-HPV-16-positive group, positive CD4+ T-cell
responses were detected against both HPV-16 E6 and E7.
Moreover, a favorable clinical outcome remained signiW-
cantly associated with positive responses to regions within
the HPV-16 E6 protein. Since the sequences of these pep-
tides were based on HPV-16, positive responses detected in
the subjects with non-HPV-16 HPV types may be due
either to memory HPV-16 E6-speciWc T cells from previ-
ous HPV-16 infection or to cross-recognition of HPV-16
E6 peptides by CD4+ T-cell-speciWc for homologous pep-
tides of other HPV types. Kadish et al. [24] reported a simi-
lar Wnding in that they detected proliferative responses to
HPV-16 E7(37–54) peptide in subjects infected with types
other than HPV-16. We have previously demonstrated
examples of cross-recognition of homologous E6 antigens
of high-risk HPV types (HPV-35, -39, -45, -51, and -73) by
a CD8+ T-cell clone speciWc for the HPV-16 E6(52–61)
epitope [27].

In this study, we did not Wnd correlations between the
low frequencies of Tregs and the favorable clinical trend.
However, signiWcant correlations were uncovered between
the low frequencies of Tregs and the CD4+ T-cell
responses. The lack of association between the frequencies
of Tregs and clinical trend could be due to the fact that

Tregs are not directly responsible for the progression of
lesions, but they are one of several contributors to the clini-
cal outcome. Tregs contribute by suppressing and modulat-
ing other key immune cells, such as eVector T-cells that are
thought to be directly involved in the elimination of lesions.
Therefore, the correlations between the low frequencies of
Tregs with HPV-16 E6-speciWc CD4+ T-cell responses
may have been more easily demonstrated than the correla-
tion between the low frequencies of Tregs with clinical
outcome. Interestingly, a signiWcant association between
HPV-speciWc Tregs and HPV-speciWc T-cell proliferative
responses has been reported in a study of cervical cancer
patients, but the authors did not report associations between
Treg levels and clinical outcomes [28].

The prevalence of Tregs in circulation and in the tumor
microenvironment of cancer subjects has been implicated
in worse disease outcome. It is thought that cancers are
associated with recruitment and expansion of Tregs that
suppress tumor-speciWc immune responses [29]. In this
study, we investigated whether lower frequencies of Tregs
in the peripheral blood of patients with pre-malignant cervi-
cal disease are associated with favorable disease outcome.
The limitation of our study was that we evaluated Treg fre-
quency by sampling circulating Tregs in the peripheral
blood, which is an indirect measurement of Tregs in the
cervical lesion microenvironment.

The comparisons of CD4+ and CD8+ T-cell responses did
not reveal signiWcant diVerences among the regressors or per-
sistors except in the E7(47–70) region among the persistors.
To our knowledge, this is the Wrst side by side comparisons
of immune responses to regions within the HPV-16 E6 and
E7 proteins. While performing both CD4+ and CD8+ analy-
ses on the same individuals would have been preferable,
which would not have been feasible since 60 ml of whole
blood is required for each analysis. Given that the E7 protein
overall is much less immunogenic than the E6 protein, the
signiWcance of more frequent CD8+ T-cell responses to the
E7(47–70) region among persistors is unclear.

In summary, we have demonstrated that the CD4+ T-cell
immune responses to HPV-16 E6 antigens, but not to E7
antigens, are signiWcantly associated with a favorable clini-
cal trend. In addition, CD4+ T-cell responses to speciWc
regions within the HPV-16 E6 protein were signiWcantly
associated with a favorable outcome. Also, signiWcantly
lower percentages of circulating Tregs were detected in
subjects with positive CD4+ T-cell immune responses
against a number of E6 regions compared with subjects
with no E6 response. Our results suggest that the CD4+ and
CD8+ T-cell responses to the HPV-16 E6 antigens are asso-
ciated with a favorable clinical trend and that they should
be incorporated into a therapeutic vaccine for prevention of
cervical cancer.
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