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Abstract

Background: The objective of this study was to investigate the expression of human papilloma
virus (HPV) LI capsid protein in abnormal cervical cytology with HPV 16 infection and analyze its
association with cervical histopathology in Korean women.

Material and Methods: We performed immunocytochemistry for HPV LI in 475 abnormal
cervical cytology samples from patients with HPV16 infections using the Cytoactiv® HPV LI
screening set. We investigated the expression of HPV L1 in cervical cytology samples and com-
pared it with the results of histopathological examination of surgical specimens.

Results: Of a total of 475 cases, 188 (39.6%) were immunocytochemically positive and 287
(60.4%) negative for HPV LI. The immunocytochemical expression rates of HPV LI in atypical
squamous cells of unknown significance (ASCUS), low-grade squamous intraepithelial lesions
(LSIL), high-grade squamous intraepithelial lesions (HSIL), and cancer were 21.8%, 59.7%, 19.1%,
and 0.0%, respectively. LSIL exhibited the highest rate of HPV LI positivity. Of a total of 475 cases,
the multiple-type HPV infection rate, including HPV 16, in HPV L1-negative cytology samples was
27.5%, which was significantly higher than that in HPV LI-positive cytology samples (p = 0.037).
The absence of HPV LI expression in ASCUS and LSIL was significantly associated with high-grade
(2cervical intraepithelial neoplasia [CIN] 2) than low-grade (SCINI) histopathology diagnoses (p <
0.05), but was not significantly different between HPV | 6 single and multiple-type HPV infections (p
> 0.05). On the other hand, among 188 HPV LI-positive cases, 30.6% of multiple-type HPV in-
fections showed high-grade histopathology diagnoses (2CIN3), significantly higher than the per-
centage of HPV 6 single infections (8.6%) (p = 0.0004)

Conclusions: Our study demonstrates that the expression of HPV LI is low in advanced dys-
plasia. Furthermore, the absence of HPV LI in HPV|6-positive low-grade cytology (i.e., ASCUS
and LSIL) is strongly associated with high-grade histopathology diagnoses. The multiplicity of HPV
infections may have an important role in high-grade histopathology diagnoses (2CIN3) in HPV
L|-positive cases.

Key words: cervical cancer, cervical intraepithelial neoplasia, human papillomavirus, immunocy-
tochemistry, cervical cytology
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Introduction

Cervical cancer is the second most common type
of cancer in women worldwide [1] and the fourth
most common female malignancy in Korea [2, 3].
Human papillomavirus (HPV) infection is a
well-known prerequisite for the development of cer-
vical cancer. Moreover, the integration of high-risk
HPV is a key step in cervical neoplastic progression
[4]. HPV type 16 (HPV16) is regarded as the most
oncogenic in cervical carcinogenesis and is detectable
in more than 50% of cervical cancers [5, 6]. HPV test-
ing in addition to a Papanicolaou smear has helped
reduce the development of grade 2 and 3 cervical in-
traepithelial neoplasia (CIN) and cancer [7]. Fur-
thermore, the epidemiological and biological effects of
multiple-type HPV infections in the presence of
high-risk HPV infections have been documented with
the increasing administration of HPV vaccines [8].

HPV L1 capsid protein comprises 90% of HPV
viral surface proteins and is typically expressed dur-
ing the late phase of viral replication [9]. Thus far,
most immunocytochemical studies on the HPV L1
capsid protein have investigated the predictive role of
the protein in low-grade squamous intraepithelial
lesions (LSIL) and atypical squamous cells of un-
known significance (ASCUS) [10-12]. Unfortunately,
few comprehensive studies have investigated HPV L1
protein immunoreactivity in abnormal cytology, in-
cluding high-grade squamous intraepithelial lesions
(HSIL) and cancer according to the multiplicity of
HPV infections in the presence of HPV16.

This study investigated the expression of HPV
L1 in abnormal cervical cytology with HPV16 infec-
tion and analyzed its association with HPV multiplic-
ity and cervical histopathology diagnoses in Korean
women.

Materials and methods

Patient selection

We analyzed 475 abnormal cervical cytology
samples from patients with HPV16 infection con-
firmed by HPV DNA genotyping at Seoul St. Mary’s
Hospital, The Catholic University of Korea, Seoul,
Korea, from January 2007 to December 2012. The cer-
vical cytology samples were gently scraped from the
exocervix and endocervix with a cervical brush. Cy-
tological diagnosis was carried out according to the
2001 Bethesda reporting system [13], and HPV type
was determined by a DNA genotyping polymerase
chain reaction-based DNA microarray system
(Mygene, Seoul, Korea) that detected 16 types of
high-risk HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 54,
56, 58, 59, 66, and 68) and 8 types of low-risk HPV (6,

11, 34, 40, 42, 43, 44, and 70) [14]. The results of tissue
diagnosis were obtained from records of patients who
underwent colposcopic biopsy, loop electrosurgical
excision procedures, or total hysterectomy. The fol-
lowing parameters were collected from medical rec-
ords: age, cervical cytology, HPV infection type, and
results of cervical histopathology of surgical speci-
mens.

The study design, data collection, and analysis
followed the principles of the Declaration of Helsinki.
This study was approved by the Institutional Review
Board of The Catholic University of Korea.

Immunocytochemistry

The immunocytochemical reaction for HPV L1
capsid protein in abnormal cervical cytology was
performed using the Cytoactiv® HPV L1 screening set
(Cytoimmun Diagnostics GmbH, Pirmasens, Germa-
ny) according to the manufacturer’s protocols. In
brief, the coverslip and mounting medium of Papan-
icolaou-stained cervical smear slides in xylene were
separated, and the slides were washed using absolute
alcohol to eliminate the remaining xylene. To retrieve
the antigen, 0.01 mol/L citrate buffer (pH 6.0) was
used, and the sample was heated in a microwave
vacuum histoprocessor (RHS-1; Milestone, Bergamo,
Italy) at a controlled final temperature of 121°C for 15
minutes. The slides were kept at room temperature
for 10 minutes to cool down. Afterwards, one droplet
of HPV L1 capsid antibody was applied to the cervical
smear slides, and the slides were incubated for 1 hour
at room temperature. A drop of detection reagent
(ready to use) was applied and incubated for 10
minutes. Next, a drop of chromogen solution
(3-amino-9-ethylcarbazole, ready to use) was applied
to the slide for 5 minutes. Finally, Mayer’s hematoxy-
lin counterstaining was applied to the samples. We
included at least 1 positive control slide supplied by
the manufacturer in each batch. The slides were ex-
amined by 2 pathologists (T] Kim and AW Lee) and
scored using a 3-step algorithm [15]: (1) the adequacy
of the specimen was determined according to the cer-
vical cytology criteria of the 2001 Bethesda System; (2)
whether there was red nuclear staining in the squa-
mous cells was determined; and (3) whether the
stained cells showed abnormalities that conformed to
the diagnostic criteria was determined.

Statistical analysis

We investigated the expression of HPV L1 in
cervical cytology and compared it with that of cervical
histopathology. Analysis of variance, Pearson’s x?2,
and Fisher’s exact tests were used to determine the
associations between the immunocytochemical ex-
pression of HPV L1 capsid and other variables. All
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calculations were performed using SAS version 8.0
(SAS institute Inc., Cary, NC, USA). The level of sig-
nificance was set at p < 0.05.

Results

The immunocytochemical expression of the HPV
L1 capsid protein was observed mainly in the nuclei
of cervical cells (Fig.1). Of a total of 475 cases, 188
(39.6%) were immunocytochemically positive and 287
(60.4%) negative for HPV L1. Three hundred sixty
(75.8%) patients were infected with only HPV16,
whereas 115 (24.2%) patients exhibited multiple-type
HPV infections, including HPV16. Further, the pa-
tients comprising the cancer group were older (mean
age: 56.6 years) than those of any other groups, with a
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Fig. 1. The immunocytochemical expression of HPV LI capsid protein in the nuclei of cervical cells.

statistically significant difference (p < 0.0001) (Table
1).

The immunocytochemical expression rates of
HPV L1 in ASCUS, LSIL, HSIL, and cancer were
21.8%, 59.7%, 19.1%, and 0.0%, respectively. LSIL ex-
hibited the highest rate of HPV L1 positivity among
the 4 groups (p < 0.0001). Although the expression of
L1 tended to be negatively associated with the cytol-
ogy grades, a high percentage (78.2%) of samples
without L1 were observed in cases of ASCUS (Table
1). HSIL showed the highest rate (38.3%) of HPV16
multiple infections, and cancer cytology expressed the
lowest rate (7.3%) of multiple-type HPV infections (p
<0.0001) (Table 1).

(c) HSIL

Table I. Clinicopathological parameters and HPV LI protein expression of HPV |6-positive abnormal cervical cytology (N =475).

Total ASCUSt LSIL* HSILs Cancer
(N = 475) (n=287) (n = 253) (n=94) (n=41)
number (%) number (%) number (%) number (%) number (%) pf

HPV* L1 capsid immunocytochemistry
Negative 287 (604) 68 (78.2) 102 (40.3) 76 (80.9) 41 (100.0)  <0.0001
Positive 188 (39.6) 19 (21.8) 151 (59.7) 18 (19.1) 0 (0)

HPV 16 infection
Single 360 (75.8) 60 (69.0%) 204 (80.6%) 58 (61.7%) 38 (92.7%)  <0.0001
Multiple 115 (242) 27 (31.0%) 49 (194%) 36 (38.3%) 3 (7.3%)

Age (years)

Mean age 38.7 35.6 36.6 39.5 56.6 <0.0001
20-29 129 (26.6) 23 (26. 83 (32.8) 23 (24.5) 0 0) <0.0001
30-39 163 (33.6) 40 (46. 83 (32.8) 34 (36.2) 6 (14.6)

40-49 123 (254) 23 (26.4) 68 (26.9) 20 (21.3) 12 (29.3)
>50 60 (124) 1 (1.2 19 (7.5) 17 (18.0) 23 (56.1)

* HPV: human papillomavirus

TASCUS: atypical squamous cells of undetermined significance
$LSIL: low-grade squamous intraepithelial lesion

§HSIL: high-grade squamous intraepithelial lesion

1 Evaluated by Fisher’s Exact Test and f-test
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Among 87 cases of ASCUS, 23 (26.4%) cases were
>CIN2 and 10 (11.5%) cases were 2CIN3. Further, 64
cases (73.6%) of ASCUS showed low-grade histo-
pathology results. Cervical cancer was absent in the
ASCUS cases. In 87 cases of ASCUS, HPV L1-negative
cases showed a significantly higher trend towards
>CIN2 progression than did HPV L1-positive cases (p
= 0.002; OR: 20.1; 95% confidence interval (CI): 1.1 to
348.8). Among 253 cases of LSIL, 70 (27.7%) cases were
>CIN2 and 32 (12.6%) were =CIN3. In 253 cases of
LSIL, HPV Ll-negative cases showed a significant
association with >CIN2 than did HPV Ll-positive
cases (p = 0.001; OR: 4.8; 95% CI: 2.6 to 8.6). Moreover,
25 HPV Ll-negative cases (56.9%) showed a signifi-
cant relationship with >CIN3 compared to HPV
L1-positive cases (p = 0.001; OR: 6.7, 95% CI: 2.7 to
16.1). Among 94 cases of HSIL, 91 (96.8%) cases were
>CIN2 and 85 (90.4%) cases were >CIN3. In HSIL,
HPV L1 expression was not associated with a ten-
dency of progression to high-grade pathology. All 41
cancer cases (100%) showed HPV L1 negativity and
>CIN3 in cervical pathology (Table 2).

Of a total of 475 cases, the rate of multiple infec-
tions with HPV16 in HPV Ll-negative cytology was
27.5%, which was significantly higher than that in
HPV L1-positive cytology (p = 0.037) (Fig. 2).

Table 3 illustrates the relationship between HPV
L1 expression and histopathology according to the
multiplicity of HPV16 infections. With regard to 287
HPV Ll-negative cases, the multiplicity of HPV16
infections did not exhibit a significant role in dis-
criminating between higher- and lower-grade histo-
pathology results (=CIN2 versus <CIN1, p = 0.7663;
2CIN3 versus <CIN2, p = 0.0926). However, among
188 HPV L1-positive cases, multiple-type HPV infec-
tions showed a significant association with
high-grade histopathology results (=CIN3) (p = 0.0004;
OR:4.7;95% CI: 1.7 to 12.8) (Table 3).

*
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Fig. 2. The association between multiplicity of HPV 16 infection
in abnormal cervical cytology and HPV LI capsid protein ex-
pression. *: HPV Ll-negative cytology showed a significant relationship
with multiple infections including HPV type 16 (p = 0.037).

Table 2. Association of HPV LI capsid protein expression in HPV16-positive cytology and cervical histopathology (N = 475).

HPV* L1 capsid in cytology HPV L1 capsid in cytology
(N =475) (N = 475)
Positive Negative Positive Negative
(n =188) (n =287) (n=188) (n =287)
Cytology Number Histo- Number (%) Number Number p1 Histo- Number (%) Number Number pf
pathology pathology
ASCUSt 87 <CIN1 64 (73.6) 19 45 0.002  <CIN2 77 (885) 19 58 0.109
>CIN2 23 (264) 0 23 >CIN3 10 (115) 0 10
LSIL# 253 <CIN1 183 (72.3) 128 55 <0.001 <CIN2 221 (87.4) 144 77 <0.001
>CIN2 70 277) 23 47 >CIN3 32 (12.6) 7 25
HSILs 94 <CIN1 3 (3.2) 1 2 0475  <CIN2 9 9.6) 1 8 1.000
>CIN2 91 96.8) 17 74 >CIN3 85 (904) 17 68
Cancer 41 <CIN1 0 (0) 0 0 NAIl  <CIN2 0 (0) 0 0 NA
>CIN2 41 (100) 0 41 >CIN3 0 (100) 0 41

“HPV: human papillomavirus

tASCUS: atypical squamous cells of undetermined significance
#LSIL: low-grade squamous intraepithelial lesions

SHSIL: high-grade squamous intraepithelial lesions

IINA: not available, 1 Evaluated by Fisher’s Exact Test

Table 3. Association of HPV LI capsid protein expression with underlying histopathology according to multiplicity of HPV infection in

HPV [ 6-positive abnormal cervical cytology (N = 475).

Histopathology Histopathology
<CIN1 > CIN2 < CIN2 > CIN3
HPV'L1  Number (%) HPV type Number (%) Number (%) Number (%) pt Number (%) Number (%) pt
Negative 287 (60.4)  Single 208 (72.5) 75 (36.1) 133 (63.9) 07663 98 47.1) 110 (52.9) 0.0926
Multiple 79 (275) 27 (342) 52 (65.8) 46 (58.2) 33 (41.8)
Positive 188 (39.6) Single 152 (80.9) 123 (80.9) 29 (19.1) 0.1303 139 914) 13 (8.6)  0.0004
Multiple 36 (19.1) 25 (694) 11 (30.6) 25 (694) 11 (30.6)

“HPV: human papillomavirus
tEvaluated by x2 test
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Discussion

Our immunocytochemistry study showed that
the expression of the HPV L1 capsid protein was
higher in LSIL than ASCUS, HSIL, and cancer. Inter-
estingly, all cancer cases tested negative for HPV L1.
In addition, the absence of HPV L1 in low-grade cy-
tology such as ASCUS and LSIL was significantly
related to high-grade cervical pathology (=CIN2)
compared to cases of HPV L1 positivity.

In low-grade (CIN1) cervical tissue, HPV usually
exists in an episomal state in the host nucleus and
proceeds into the productive cycle. The productive
cycle is composed of HPV infection of the basement
membrane and transcription, translation, and assem-
bly of the L1 capsomere in the epithelium [16]. Finally,
it produces L1 in the superficial layers of the cervical
epithelium [17, 18]. On the other hand, in cases with
high-grade pathology such as CIN2 and CIN3, the E2
open reading frame of HPV DNA is frequently dis-
rupted and integrated into the human genome [19,
20]. The loss of E2 inhibitory function on the E6 and
E7 open reading frames selectively produces E6 and
E7 oncoproteins and interrupts normal cell cycles by
suppression of the tumor suppressor proteins p53 and
Rb. In abortive HPV cycles of high-grade lesions, HPV

L1 cannot be immunocytochemically detected at the
superficial epithelium [21] (Fig. 3).

Reports on the correlation between cytology and
cervical histopathology results have indicated that
90% of LSIL cases exhibited CIN1 and cervicitis, and
10% of LSIL cases exhibited >CIN2 histopathology
[22]. Regarding the patterns of HPV L1 capsid im-
munocytochemistry, HPV L1 expression tended to
decrease with higher cytological grade even though
the positive rates were variable [19, 22-24]. For HPV
L1 immunocytochemistry, we showed that HPV
Ll-negative LSILs exhibited a higher prevalence of
>CIN2 pathology than did HPV Ll-positive LSIL
cases. Among the 151 HPV L1-positive LSIL cases, 128
(84.7%) had CIN1 and cervicitis and 23 cases had
(15.3%) =CIN2 histopathology. Meanwhile, among
102 HPV L1-negative LSIL cases, 55 (53.9%) had CIN1
and cervicitis and 47 (46.1%) had >CIN2 pathology.
These patterns were similar to those observed in pre-
vious studies [22]. On the other hand, regarding
HSILs and cancer cytology, the correlation between
cytology and histopathology results were not signifi-
cantly different with respect to HPV L1 immunocy-
tochemical reactivity.

P HPV L1 protein
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Fig. 3. The comparison of HPV LI capsid protein expression between low-grade and high-grade severity of cervical epithelium. The
productive cycle is observed in low-grade lesion and abortive cycle of HPV can be seen in high-grade pathology. HPV LI capsid protein is more frequently
produced in the superficial epithelium of LSIL than HSIL. HPV integration into host genome can be identified in high-grade lesion of cervix.
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In this study, we wanted to explore the rate of
HPV L1 expression in ASCUS cytology. Because
ASCUS has shown a wide spectrum of histopathology
from reactive change to carcinoma, it was also very
difficult to understand the characteristics of ASCUS.
Usually 70% of ASCUS cases show low-grade pa-
thology such as CIN1 after HPV infection. Although
HPV Ll-negative cases tend to correlate with the cy-
tology grade, a relatively low HPV L1 expression rate
was observed in cases of ASCUS. Interestingly, all 23
cases with 2=CIN2 histopathology were HPV
Ll-negative on immunocytochemical analysis. Un-
gureanu et al. reported that the HPV L1 positivity
rates in ASCUS, LSIL, HSIL, and cancer cytology were
33.3%, 50.0%, 18.5%, and 0%, respectively [23]. Those
results were very similar to ours. HPV L1 negativity is
associated with low amounts of HPV L1 production,
which could imply 2 different conditions of HPV in-
fection in ASCUS. We postulated that these conditions
could be observed during (1) viral entry or persistence
before viral synthesis in the HPV life cycle and (2)
HPV DNA integration in the human genome [24]. The
characteristics of HPV L1 expression in ASCUS may
be slightly different from that of LSIL, although
ASCUS and LSIL have been generally regarded as
minor abnormalities in the Bethesda cytology system.
Further translational research will be necessary to
identify the nature of HPV L1 negativity more clearly
in ASCUS.

In the natural history of cervical cytology, 80%
of LSIL cases spontaneously regress within 24 months
[25]. However, 40% of LSILs infected with HPV16
progress to CIN3 or cancer [26]. In our study, among
253 patients with HPV16-positive LSILs, 32 cases
(12.6%) were =CIN3. Similarly, Matsumoto et al. [27]
reported that infection with high-risk HPV types, in-
cluding 16, 18, 31, 33, 35, 52, and 58, confers a higher
risk for 2CIN3 pathology in LSIL than infection with
the other high-risk HPV types. Hosaka et al. [28] re-
ported that the incidence of CIN3 according to HPV
status is 19.1% in cases of infection with high-risk
HPV including HPV 16, 18, and 33, but just 4.2% in
cases of infection with other high-risk HPV types,
including 31, 35, 52, and 58. Kahn et al. [29] reported
that HPV16 and HPV18 infection observed in nega-
tive, equivocal, and mildly abnormal cytology is as-
sociated with a higher risk for incidence of >CIN3
pathology. Accordingly, we collected samples with
abnormal cervical cytology with HPV16 infection and
investigated their histopathology results according to
HPV L1 immunocytochemistry reactivity. Yoshida et
al. [21] reported HPV L1 positivity in 30% of LSIL and
12% of HSIL cases, a trend similar to that observed in
the present study. These results suggested that HPV
L1 positivity in LSILs with HPV16 infection might be

attributable to the effect of the L1 protein on
keratinocytes infected with other high-risk HPV types
[23, 29].

HPV16 is a member of the human alphapapil-
lomavirus-9 group [30] and has shown to confer a
significantly higher risk of developing high-grade
CIN lesions or invasive cancers in combination with
other HPV types [31]. Interestingly, the rate of HPV
L1 expression in higher-grade histopathology (=CIN2
versus <CIN1 and >CIN3 versus <CIN2) was not sig-
nificantly different between HPV16 single infections
and multiple-type HPV infections in the presence of
HPV16 infection. However, cases that were HPV
L1-positive with multiple-type HPV infections were
significantly associated with high-grade histopathol-
ogy (=CINB3) results. HPV L1-positive cases with mul-
tiple-type HPV infections comprised 30.6% of >CIN3
cases, while HPV L1-positive cases with HPV16 single
infections accounted for only 8.6% of >=CIN3 cases.
Multiple-type HPV infections seemed to play an im-
portant role in progression to high-grade cervical le-
sions in HPV L1-positive cases.

From an immunological perspective, HPV L1 is
immunogenic to CD8* and CD4* T cells, which play
important roles in cellular immunity [32]. HPV
L1-negative LSIL is reportedly more likely to demon-
strate disease progression than L1-positive cases are;
this suggests that HPV L1 has a beneficial immuno-
logical role in the prevention of disease progression
[33]. Therefore, the absence of HPV L1 after HPV in-
tegration into the host genome could be associated
with immunologic evasion in higher-grade lesions
[32, 34]. The presence of HPV L1 could be an indicator
of a defense status in HPV infection [35]. Cervical
cytology usually performed on the superficial layer of
the cervix in a cancer screening test has shown high
rates of false negativity and requires an adjuvant test
for an accurate result. Therefore, HPV L1 tests that
reflect the HPV productive cycle and the relationship
between HPV integration and host genome in cervical
epithelium will be more informative to understand
cervical immunology.

The present study had some limitations. First,
this was a retrospective cross-sectional study; there-
fore, the relationship between the HPV lifecycle and
cervical neoplasia could not be fully understood
solely on the basis of HPV L1 expression in the su-
perficial layer. Second, this study did not include the
effect of low-risk HPV on HPV L1 immunocytochem-
istry; future studies on low-risk HPV might be nec-
essary. Third, in cases of low-grade cervical cytology
with high-grade histopathology results, misclassifica-
tion or sampling error of cytology specimens might be
a cause for misinterpretation of immunocytochemis-
try results. Despite these limitations, to the best of our
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knowledge, this is the first study to examine the im-
munocytochemistry of HPV L1 according to
HPV16-positive cytology, as well as the association
between cervical cytology and histopathology ac-
cording to the multiplicity of HPV16 infections.

In summary, our study demonstrated that the
expression of HPV L1 was low in cases of advanced
dysplasia. Furthermore, the absence of HPV L1 in
HPV16-positive samples with low-grade cytology
(i.e., ASCUS and LSIL) was strongly associated with
high-grade histopathology results. This trend was not
significantly different between the HPV16 single in-
fection group and the multiple-type HPV infection
group. On the other hand, multiple-type HPV infec-
tions were significantly associated with >CIN3 histo-
pathology in HPV Ll-positive patients. In future
translational research, investigation of the association
between HPV L1 and HPV integration according to
the severity of cervical pathology and the multiplicity
of HPV infection might be useful to understand
clearly the mechanism of HPV productive and abor-
tive cycles in cervical epithelium.
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