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Abstract

Background: High-risk human papillomavirus (HR-HPV) is the main aetiological factor for the development of cervi-
cal cancer. While nearly 70% of HR-HPV infections are cleared within 12 months, in the remainder of women they per-
sist and can progress into cervical cancer. Oestradiol and progesterone have been shown to be involved in the devel-
opment and progression of cervical cancer. The objective of this study was to investigate, for the first time, whether
diurnal oestradiol and progesterone are also involved in HR-HPV persistence — before cervical cancer develops.

Methods: A total of N=39 women between 18 and 31 years of age were investigated. All were nulliparous and regu-
lar users of combined oral contraceptives. Presence of HR-HPV was determined by cervical swabs. Salivary oestradiol
and progesterone were measured upon awakening and at 11am, 2pm, and 5 pm. All HR-HPV positive women were
re-tested in terms of HR-HPV status 12 months later.

Results: HR-HPV positive women had significantly higher morning (p=.007, partial eta’=.221) and daily oestradiol

ing cervical cancer.

levels (p <.001, partial eta’ = 442) when compared to HR-HPV negative women. In addition, those with persistent
HR-HPV 12 months later had significantly elevated morning (p=.005, partial eta’=.534) and daily (p=.027, partial
eta’ = .346) oestradiol. Progesterone was found to be unrelated to HR-HPV.

Conclusions: Oestradiol was positively linked to HR-HPV presence and persistence. Provided that these findings are
replicated, regular monitoring of cestradiol levels may prove useful in identifying women who are at risk of develop-
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Background

Cervical cancer is the fourth most common cancer and
cause of cancer death in women worldwide [1], with an
incidence of over 500’000 cases per year [2]. Its develop-
ment has strong aetiological links to the infection of cer-
vical mucosa cells with high-risk human papillomavirus
(HR-HPV) types, in particular HPV16 and HPV18. While
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around 50% of HR-HPYV infections are cleared within 6
months and nearly 70% within 12 months, the infection
persists in the remainder of women, in whom it can pro-
gress into cervical intra-epithelial neoplasia (CIN) and
— ultimately — cervical cancer [3, 4]. Given that HR-HPV
persistence is the first stage in cervical cancer develop-
ment, it is vital to learn more about the conditions under
which such infections persist.

One of the most promising candidate mechanisms for
viral persistence is a synergistic interaction between HR-
HPV infection and sex hormones, that is, oestrogens and
progestogens. Indirect evidence to support this notion
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comes from epidemiological studies, which have shown
that the intake of hormonal contraceptives and mul-
tiparity enhance the risk of developing cervical cancer in
HPV-infected women [5]. As for the underlying mecha-
nisms, it is currently assumed that upon integration of
HR-HPV into the host genome, oestrogens and pro-
gestogens facilitate the expression of the oncoproteins E6
and E7 [6]. While E6 inactivates the tumour suppression
protein p53, a process which results in the inhibition of
apoptosis, E7 inactivates the tumour suppression protein
Rb, thus stopping cell-cycle arrest. These effects are likely
to be initiated via oestrogen and progesterone responsive
elements within viral oncogenes. Evidence to support
this hypothesis stems from in vivo experiments in mice
transgenic for E6 and E7, which developed cervical can-
cer when oestrogens were administered [7]. In addition,
clinical studies in humans have shown that progesterone
levels are predictive of cervical cancer prognosis. How-
ever, as yet, no research has tested whether gonadal ster-
oids are linked to HR-HPV persistence — before CIN and
cervical cancer have developed.

The aim of the present study was to investigate, for the
first time, whether endogenous oestradiol and progester-
one concentrations predict HR-HPV persistence over the
course of 12 months in otherwise healthy women. First,
we hypothesized that HR-HPV positive women would
exhibit higher gonadal hormone levels than HR-HPV
negative women. In addition, we assumed that the higher
the gonadal hormone levels at baseline, the greater the
likelihood of HR-HPV persistence 12 months later.

Methods

Participants

This study was part of a larger study examining the influ-
ence of psychobiological factors on the course of HR-
HPV (see [8] for a participant flow chart). For its main
analyses, a power analyses yielded a sample size of N=90
participants to detect medium-sized effects (see [8]). For
the present analyses, we included all women who were
regular users of combined oral contraceptives, which
resulted in a total of N=39 participants aged between
18 and 31years. This sample size is similar to previous
research on oestradiol/progesterone in HPV in young
women [9] and was large enough to detect large-sized
effects regarding the group comparisons according to a
power analysis (a=.05, 1-f=.80).

All women were recruited via collaborating physicians
and by various advertisements. The following exclusion
criteria were applied: virginity, current or past pregnancy,
acute or chronic immunological diseases (e.g., autoim-
mune disorders, HIV, current infectious diseases), HPV
vaccination, confirmed HPV infection or cervical abnor-
malities in the last year, and last gynaecological check-up
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more than 2 years ago. At baseline, #=17 women tested
HR-HPV negative and n=22 tested HR-HPV posi-
tive. All participants who were HR-HPV positive were
re-assessed 12months later. At follow-up, #=6 women
were still HR-HPV positive, while the virus had cleared
in n=14 participants. Two women dropped out of the
study.

Protocol

The study consisted of three parts. First, an online screen-
ing was conducted. The women were informed about the
study purpose and procedures, provided informed con-
sent, and were asked to complete questionnaires regard-
ing sociodemographic and psychosocial information to
determine eligibility.

Second, eligible participants were sent written instruc-
tions and cervical swabs to test HR-HPV status (DNA-
Pap™ Cervical Sampler, Qiagen Gaithersburg, Inc.,
Maryland, USA). They were asked to take the instruc-
tions and swabs to an examination with their gynae-
cologist (routine check-up), which they had to schedule
within 2 weeks. Participants were instructed not to use
vaginal cream, lubricants or spermicides and to refrain
from sexual intercourse for 3 days prior to the exami-
nation. During the examination, cervical cells were col-
lected with the DNAPap"" Cervical Sampler. All samples
were sent, on the same day, to a commercial laboratory
specialised in HR-HPV screening, and analysed using the
Hybrid Capture 2 High-Risk HPV DNA Test® (QIAGEN,
Gaithersburg, Inc., Maryland, USA). This method allows
for the detection of 13 HR-HPV types, namely HPV16,
HPV18, HPV31, HPV33, HPV35, HPV39, HPV45,
HPV51, HPV52, HPV56, HPV58, HPV59, and HPV6S.

Third, participants were sent Salivettes® (Sarstedt,
Sevelen, Switzerland) in order to collect saliva for the
determination of oestradiol and progesterone. Saliva
sampling had to take place within 2 weeks after the
gynaecological examination and over the course of one
regular workday. Measurement time points were imme-
diately upon awakening, at 11am, 2pm, and 5pm. To
account for possible confounders concerning salivary
hormone determination, participants were asked to
strictly adhere to the following guidelines: no intense
physical activity or alcoholic drinks for 24h prior to
collection of the first sample, no smoking on the day of
saliva collection, and no teeth brushing, eating, or drink-
ing for 20min before the collection of each subsequent
sample. All samples were sent to the biochemical labo-
ratory of the Institute of Psychology at the University of
Zurich, where they were stored at —20°C.

A follow-up investigation took place 12months after
the initial assessment. Only HR-HPV positive women
were re-assessed. All women were contacted 1 month
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in advance in order to schedule the second gynaecologi-
cal examination, where they were re-tested in terms of
their HR-HPYV following the same procedures as outlined
above. All participants were reimbursed with 120 CHE.
The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and approved by the
Ethics Committee of the Faculty of Arts of the University
of Zurich, Switzerland.

Biochemical analyses

All samples were thawed, centrifuged, and analysed using
commercial saliva luminescence immunoassays (IBL
International GmbH, Hamburg, Germany). The inter-
and intra-coefficients of variance (CVs) for oestradiol
were below 14.8 and 13.3%, respectively. For progester-
one, the CVs were below 18.8 and 6.0%, respectively.

Statistical analyses

All data were tested in terms of normal distribution and
homogeneity of variance. Non-normally distributed val-
ues were log-transformed. Univariate ANOVAs were
conducted to compare HR-HPV negative and HR-HPV
positive cases in terms of morning (awakening sample)
and daily (mean of the 11am, 2pm, and 5pm samples)
oestradiol and progesterone. Further ANOVAs were
conducted to compare cleared vs. persistent HR-HPV
cases in terms of baseline oestradiol and progesterone.
All analyses were controlled for age, body mass index
(BMI), smoking, age at first sexual intercourse, and the
number of lifetime sexual partners. The level of statistical
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significance was set at a=0.05. The Statistical Package
for the Social Sciences (SPSS, version 22) was used for
statistical analysis.

Results

Descriptive statistics

Patient characteristics are presented in Table 1. The
mean age of the total sample was 24+ 3years and the
mean body mass index (BMI) was 214 3kg/m?% More
than a third (36%) of the women were smokers. Nearly
half (49%) of the women held a university degree and a
further 90% had completed at least higher-track school-
leaving examinations. The average age of first sexual
intercourse was 17 £2. The average number of lifetime
sexual partners was 7=+5. The vast majority of the
women took ethinyloestradiol (0.02-0.03mg) in com-
bination with different progestogens (dosages between
0.075 and 3 mg). Two women took a combination of 2mg
of oestradiol valerate and 3 mg of dienogest.

Gonadal hormones and HR-HPV presence

When controlling for age, BMI, smoking, age at first
sexual intercourse and number of lifetime sexual part-
ners, women who were HR-HPV positive had signifi-
cantly higher morning (F (1, 30)=8.49, p=.007, partial
eta?=.221) and daily oestradiol concentrations (F (1,
29)=23.01, p<.001, partial eta’?=.442) as compared
to women who were HR-HPV negative. These find-
ings are illustrated in Fig. 1. By contrast, HR-HPV posi-
tive and negative women did not differ in morning (F (1,

Table 1 Participant characteristics according to the presence/absence of HR-HPV at baseline and follow-up. Medians and interquartile
ranges (interquartile range in brackets), means and standard deviations (standard deviations preceded by “+") as well as absolute and
relative frequencies (relative frequencies indicated by “%") are presented. Group comparisons between negative/positive individuals at
baseline and negative/positive individuals at follow-up were conducted using Mann Whitney U tests, independent t tests, Chi-squared

tests, and Fisher's exact tests

All participants -

HR-HPV negative -

HR-HPV positive -  HR-HPV negative-  HR-HPV positive

baseline (n=39) baseline (n=17) baseline (n=22) follow-up (n=14) - follow-up
(n=6)

Age (years) 23 (4 24 (4) 23 (5) 23.5(5.8) 23(3)
Body mass index (kg/mz) 20.3 (3.6) 20.8 (3.6) 19.8 (3.6) 19.7 (3.6) 19.5(2.2)
Smoking (yes) 14 (36%) 4 (24%) 10 (46%) 7 (50%) 2 (33%)
Educational status

Vocational training 3 (8%) 2 (12%) 1 (5%) 1 (7%) 0 (0%)

Higher school leaving exam 16 (41%) 5 (29%) 11 (50%) 5 (36%) 4(67%)

University degree 19 (49%) 10 (59%) 9 (41%) 7 (50%) 2 (33%)

Other 1 (2%) 0 (0%) 1 (4%) 1 (7%) 0 (0%)
Age at first intercourse 165+£1.7 164+14 166+£1.8 164+£2 1714
Number of lifetime sexual partners 6 (7) 337 85 (10° 9.5 (10) 5(09.3)

HR-HPV high-risk human papillomavirus

@ Women who were HR-HPV negative at baseline had a significantly lower number of lifetime sexual partners when compared to women who were HR-HPV positive at

baseline; no other significant group differences emerged
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Fig. 1 Baseline oestradiol levels in high-risk human papillomavirus (HR-HPV) negative (n=17) vs. positive cases (n =22). Morning oestradiol
refers to the sample collected immediately upon awakening whereas daily oestradiol represents the mean of the 11am, 2pm, and 5 pm samples;
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Fig. 2 Baseline oestradiol levels in cleared (n=14) vs. persistent (n =6) high-risk human papillomavirus (HR-HPV) cases (12-month follow-up).
Morning oestradiol refers to the sample collected immediately upon awakening whereas daily oestradiol represents the mean of the 11am, 2pm,

and 5pm samples; *p <.05, **p<.01

T
Daily oestradiol

30) =0.56, p = .462, partial eta® =.018) or daily progester-
one levels (F (1, 29) =3.03, p=.092, partial eta®=.095).

Gonadal hormones and HR-HPV persistence

When controlling for age, BMI, smoking, age at first
sexual intercourse and number of lifetime sexual part-
ners, women with persistent HR-HPV infection at the

12-month follow-up had significantly elevated morn-
ing (F (1, 11)=12.60, p=.005, partial eta’=.534) and
daily oestradiol levels (F (1, 12)=6.36, p=.027, par-
tial eta®=.346) as compared to those with cleared HR-
HPYV infections. These findings are depicted in Fig. 2. By
contrast, no differences between the two groups were
found in terms of morning (F (1, 11)=0.54, p=.478,
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partial eta®=.047) or daily progesterone (F (1, 12) =2.97,
p=.111, partial eta®=.198).

Discussion

The present study yielded three findings. First, HR-HPV
positive women had higher morning and daily oestradiol
levels when compared to HR-HPV negative women (large
effect sizes). Second, higher morning and daily oestradiol
predicted the persistence of HR-HPV over the course of
12months (large effect sizes). Third, progesterone levels
were found to be unrelated to either the presence or per-
sistence of HR-HPV infection.

The first finding is in line with epidemiological
research, which has repeatedly demonstrated that both
the intake of oral contraceptives and multiparity consti-
tute risk factors for the development of cervical cancer in
HR-HPV positive women [5]. The present study extends
these observations by showing, for the first time, that
endogenous oestradiol is associated with the presence
of HR-HPV infection — before CIN and cervical cancer
have developed. This stands in contrast to another study,
which did not find any relationship between oestra-
diol and HR-HPV presence [10]. However, this study
only looked at participants with abnormally low or high
oestradiol levels, thus failing to examine any potential
associations between oestradiol and HR-HPV as they
occur in the normal endocrine range. In accordance with
our findings, research in younger women has shown that
high-oestradiol states, such as during the ovulatory phase
of the menstrual cycle [9] and the pre- versus post-par-
tum period [11], are linked to higher levels of HR-HPV.
Moreover, one study provided evidence for a positive
association between oestrogen receptor transcripts at the
cervix and HR-HPYV infection [12]. One explanation for
these findings may be that oestrogens impact the prolif-
eration and maturation of cervical epithelial cells and/
or viral replication, resulting in a greater number of viral
DNA copies and thus enhancing the probability of a posi-
tive cervical swab test result.

The second finding complements the first finding by
providing initial evidence that oestradiol may predict
HR-HPV persistence. As a potential explanation, oestra-
diol may compromise innate and acquired immune
responses, thus contributing to the maintenance of high
levels of HR-HPV. Indeed, a seminal study in healthy
women demonstrated that in vitro stimulation with
HPV16 virus-like particles combined with an exogenous
administration of oestradiol and progesterone decreased
lympho-proliferation and pro-inflammatory cytokine
production while increasing anti-inflammatory cytokines
and transcriptional regulators of regulatory T cells [13].
This notion echoes the results of a previous report by
our group, which found that chronic stress and the stress
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hormone cortisol, an important modulator of immune
responses, were linked to HR-HPV status at baseline and
follow-up [8].

The third finding, which is of a lack of any associa-
tion between progesterone and HR-HPV infection and
persistence thereof, is in line with a previous study in
middle-aged women, which did not find women with
abnormally low or high progesterone levels to have
a higher risk of concomitant HR-HPV infection [10].
Notably, epidemiological research has not provided
convincing evidence that progestogenic contraceptives
enhance the risk of cervical cancer, whereas animal stud-
ies and studies on human cell lines are supportive of its
role as a co-factor in cervical cancer development and
progression [7]. In sum, the jury is still out on whether
progesterone plays a role in cervical cancer, and further
research in healthy women is necessary to illuminate its
role in HR-HPV persistence.

The present study encompasses several strengths.
First, to the best of our knowledge, it is the first prospec-
tive examination of sex hormones and HR-HPV persis-
tence. Second, we investigated a homogenous sample of
healthy, nulliparous young women, and were careful to
eliminate or control for any potential confounders of our
results (e.g., other ongoing infections, smoking). Third,
we employed a repeated sampling schedule to assess sex
hormones, thus enhancing the reliability of our findings.
However, a number of limitations are equally worthy
of mention. First, this was a pilot study and our sample
size was small, which limits the representativeness of
our findings. Furthermore, this study was likely under-
powered to detect any significant effects regarding pro-
gesterone. An independent replication of our findings is
thus warranted, preferably in a large, more representa-
tive cohort of women. Second, and related to this, as our
study was confined to young women on combined oral
contraceptives, the present findings cannot be general-
ised to naturally cycling and post-menopausal women.
Finally, we were unable to differentiate between different
subtypes of HR-HPV, which may interact differently with
sex hormones.

When taken together, these findings suggest that
higher levels of oestradiol may already be detrimental at
the time of HR-HPYV infection — before CIN and cervical
cancer have developed. These findings may be relevant to
the prevention of HR-HPYV infection, insofar as the moni-
toring of endogenous oestradiol levels and the choice of
appropriate contraception could help to enhance vac-
cine efficacy. However, further research on the role of sex
hormones in the acquisition and persistence of HR-HPV
in different age groups is necessary in order to develop
strategies that are tailored to the needs of the individual
woman.
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