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Abstract

Introduction—Women >45 years of age with persistent HPV infections have distinct peripheral
circulating immune profiles. Few studies have comprehensively evaluated the cervical
immunologic microenvironment in HPV-positive and HPV-negative perimenopausal women.

Methods—We collected cervical secretion specimens from 34 high risk HPV (HR-HPV) positive
and 44 HR-HPV negative women enrolled in an ongoing prospective cohort assessing the natural
history of HPV across the menopausal transition. We used these specimens to quantify
concentrations of 27 different immune markers using multiplexed bead-based immunoassays.

Results—HR-HPV positive women had significantly higher median concentrations of I1L-5 (0.11
NY/MYiotal protein VS- 0.08 NG/MYtotal protein), 1L-9 (2.7 Ng/MGiotal protein VS- 2.1 NG/MYtotal protein),
IL-13 (2.1 ng/MGiotal protein VS- 0.9 NG/MYiotal protein), 1L-17 (2.9 ng/MYiotal protein VS 1.1 ng/

MGiotal protein): EOTAXIN (4.1 ng/MGiotal protein VS- 1.1 NG/MGiotal protein), GM-CSF (4.3 ng/

MGiotal protein V8- 3.3 NG/MYiotal protein), and MIP-1a (3.5 ng/MGiotal protein VS- 1.9 NG/MYtotal protein)
compared to HR-HPV negative women. A shift in the correlation of T-cell and pro-inflammatory
cytokines (IFN-y, IL-5, IL-9, IL-10, IL-12, IL-13, IL-15, and TNF-a) from IL-2 to EOTAXIN was
observed between HR-HPV negative and positive women.

Conclusions—Higher local concentrations of anti-inflammatory and allergy associated markers,
with a shift in T-cell associated cytokine correlation from IL-2 to EOTAXIN, are associated with
HPV infection among older women.
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1. Introduction

Anogenital human papillomavirus (HPV), the causative agent in cervical carcinoma,
originates as a benign, localized infection of the cervical epithelium that is primarily
transmitted through sexual contact [1]. The prevalence of HPV reaches a primary peak
around the age of sexual debut. A second peak prevalence has been reported in certain
geographic regions among women at or around the age of menopause [2]. This second peak
in prevalence may be driven by a variety of factors such as birth cohort effects, increased
sexual activity at older ages, and/or menopause-induced immunologic or physiological
alterations leading to reactivation of latent HPV infection.

Some evidence has emerged to suggest that HPV-positive peri- and post-menopausal women
may have altered immune responses. Resolution of an active HPV infection is mediated by a
robust CD8+ cytotoxic T lymphocyte response that is characterized by elevated
concentration of IL-2 and IFN-y [3]. However, older women with persistent HPV infection
were found to demonstrate reduced in vitro lymphoproliferative responses to common
mitogens, as well as decreased release of pro-inflammatory markers such as IL-8 and TNF-a
[4,5]. These same women had higher plasma concentrations of these and other pro-
inflammatory cytokines such as IL-6, IL-1a and I1L-1p as well as chemokines GM-CSF and
MIP-1a. It is unclear, however, how representative these peripheral immune markers are to
an epithelial localized HPV infection.

The few studies that compared local and peripheral measures of cervical cytokine and
antibody concentration related to HPV infection have reported a wide variability in
correlation [6,7]. A single study conducted among women >25 years of age enrolled in an
on-going prospective study of the natural history of HPV reported no association between
cervical IL-10 or IL-12 concentrations and HPV status [8]. Similar studies looking at
mucosal immune markers related to HPV infection among older women have not been
conducted.

The goal of this study is to describe local cervical concentrations of pro- and anti-
inflammatory cytokine and chemokines in HR-HPV positive and negative women at or
around the age of menopause.

2. Methods

2.1. Study population and specimen collection

Women included in this study are enrolled in an ongoing prospective cohort study assessing
the natural history of HPV during the perimenopausal transition. Briefly, women aged 35—
60 years, attending outpatient OBGYN clinics for routine examination at one of four clinic
sites in Baltimore, MD, were approached for assessment of eligibility and recruitment.
Women were eligible for enroliment if they were English speaking, had an intact uterus,
were willing to provide primary locator information and able to provide informed consent.
Women who were currently pregnant or planning to become pregnant during the 2 years of
the study, and women with a history of organ transplant or known HIV infection were
excluded from participation.

Women were enrolled at a baseline study visit, and were followed every six months for 2
years. Data reported here are from the baseline visit only. At this visit, an interviewer-
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administered questionnaire collected detailed information on demographics, reproductive
and menstrual history, medication use, exogenous hormone use history, current and past
sexual behaviors, general medical history, and tobacco and alcohol use. Weight, height, and
waist circumference was measured. During a speculum-assisted cervical exam, the
following specimens were collected (in order): cervical secretion specimens, liquid-based
Pap smear, and cervical swab (Digene HPV sampler kit) for HPV testing. Cervical
secretions were collected using a Merocel ophthalmic sponge (Medronix) which was placed
at the 6 o'clock of the cervical os for 30 s. Afterwards, the sponge with the collected sample
was placed in an empty cryovial and stored at 4 °C for <24 h before transfer to long term
storage at —80 °C.

For this analysis, we selected all women who were HR-HPV positive at enrollment as of
January 2010. A sample of HR-HPV negative frequency matched on menopausal stage was
selected for comparison. Menopausal stage was determined based on day of last menstrual
cycle and self-reported cycle length variability in the past 12 months. Women were
classified as premenopausal if they had a menstrual period in the past 12 months and
reported no menstrual cycle variability. Currently menstruating women who reported
menstrual cycle variability were considered perimenopausal, and women without a
menstrual cycle in the past 12 months were considered post-menopausal.

All study procedures were approved by the Johns Hopkins Bloomberg School of Public
Health Institutional Review Board.

2.2. HPV detection and genotyping

All HPV DNA testing was performed on cervical cell samples stored in STM (Digene,
Columbia, MD) at the Johns Hopkins University, Baltimore, MD. DNA was extracted using
the QlAamp DNA Blood Kit (Qiagen, Courtaboeuf, France) according to manufacturer's
instructions with modification. After extraction, 8 ul of DNA (4% of total volume of
extracted DNA) was tested using the Roche HPV Linear Array© PCR assay (Roche
Diagnostics, Indianapolis, IN). The HPV Linear Array®© is based on the PGMY09/11 primer
system that allows for high efficiency amplification of >40 types of HPV [9,10]. The quality
and validity of the extracted DNA specimen was assessed by inclusion of 3-globin gene-
specific primers in the PCR reaction. Only specimens with detectable B-globin were used in
this analysis.

HPV types considered to be high risk (HR-HPV) for this analysis included types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68.

2.3. Specimen processing and cytokine measurement

Protein for cytokine analysis was extracted from the ophthalmic sponges using previously
described methods [11]. Briefly, sponges were thawed at room temperature for 10 min and
then weighed. Sponges were then inserted into a microcentrifuge tube containing a 0.2 um
filter (SpinX, Costar), equilibrated by adding 300 ul of extraction buffer (10 mg/ml aprotinin
in phosphate buffered saline with 10% sodium azide) and incubated for 30 min at 4 °C,
followed by centrifugation at 4 °C for 30 min at 14,000 rpm. After centrifugation, specimens
were stored at —20 °C until the time of immune marker measurement.

The following cytokines, chemokines, and growth factors were measured using a
polystyrene non-magnetic bead-based multiplex assay according to the manufacturer's
protocol (Bio-Rad, Hercules, CA): BASICFGF, EOTAXIN, granulocyte colony stimulating
factor (GCSF), granulocyte macrophage colony stimulating factor (GMCSF), interferon-y
(IFN-y), interleukin-1p (IL-1), interleukin-1 receptor antagonist (IL-1ra), interleukin-2
(IL-2), interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-7 (IL-7),
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interleukin-8 (1L-8), interleukin-9 (IL-9), interleukin-10 (IL-10), interleukin-12p70
(IL-12p70), interleukin-13 (1L-13), interleukin-15 (IL-15), interleukin-17 (IL-17),
inflammatory protein-10 (IP-10), monocyte chemotactic protein (MCP-1), macrophage
inflammatory protein-1a (MIP-1a), macrophage inflammatory protein-1  (MIP-1 f),
platelet derived growth factor BB (PDGF-BB), regulated upon activation, normal T-cell
expressed and secreted (RANTES), tumor necrosis factor a (TNF-a), and vascular
endothelial growth factor (VEGF). Plates were read using a Luminex instrument (Bio-Rad,
Hercules, CA). An eight point standard curve was created and fit using a five parameter
logistic model. All specimens were tested on a single plate to control for observed inter-
assay variability. This assay has a reported lower limit of detection of 1-20 pg/ml depending
on the cytokine target with an intra-assay coefficient of variation <20% for all markers
measured [12].

In order to control for inter-individual variability in immune marker measured due to
differences in the amount of specimen collected, the total concentration of protein was
measured in each specimen using a bicinchoninic acid (BCA) assay per manufacturer's
protocol (Pierce, Rockford, IL). This assay has a dynamic range of 20—20,000 pg/ml and has
a 14.7% mean coefficient of variance for repeat testing across 14 different human and non-
human purified protein targets. Specimens were diluted 1:10 and 1:100 in PBS and run in
duplicate. Colorimetric detection of test specimens was normalized to background
specimens that contain extraction buffer only. Total protein concentration was estimated
using an eight point standard curve and is expressed as pg/ml.

2.4. Statistical analysis

3. Results

Immune marker values that were below the limit of detection and completely outside the
dynamic range (therefore reported as undetectable by the Luminex instrument) were
assigned ¥ the lowest measured value in our sample [13]. Immune marker values that were
below the manufacturer's published limit of detection, but a concentration was estimated by
the instrument from the standard curve, were assigned that imputed value. The ratio of
immune marker concentration to total protein for each specimen was created to minimize
differences in collection across individuals and then this ratio was log-transformed to reduce
the effect of outliers and normalize the distribution of values. This normalization procedure
has been used in other settings involved in the measurement of local immune markers
related to other sexually transmitted diseases such as HIV-1 [14,15], and minimizes the
observed correlation of immune marker concentration and specimen weight (data not
shown). Therefore, immune marker concentrations are expressed as [ng of immune marker]/
[mg of total protein].

Differences in the median concentration of immune markers between HR-HPV positive and
negative women were initially assessed using Wilcoxon rank-sum tests. Differences in the
proportion of specimens that were determined to be completely undetectable by Luminex
assay were compared between HR-HPV positive and negative women using Fisher's exact
test. A p-value of <0.05 was considered statistically significant.

Spearman'’s rank correlation was estimated on each pair of immune markers in order to
identify patterns of co-expression. A p-value of <0.01, after Sidak’s correction for multiple
comparisons, was considered statistically significant [16].

3.1. Study population

Seventy-eight women were included in this study. Among this sample, 34 were determined
to be HR-HPV positive. The median age of the sample was 45 (IQR: 39, 51); 27 (36.5%), 29
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(39.2%), and 18 (24.3%) were identified as being pre-, peri-, and post-menopausal,
respectively. There was no difference in age or menopausal stage by HR-HPV infection
status.

3.2. HR-HPV positive women have higher concentrations of anti-inflammatory and allergy
related immune markers

Compared to HR-HPV negative women, HR-HPV positive women had higher
concentrations of IL-5 (p=0.03), IL-9 (p=0.04), IL-13 (p=0.01), IL-17 (p=0.003),
EOTAXIN (p=0.04), GM-CSF (p=0.01), and MIP-1a (p= 0.005) (Table 1). Additionally,
HR-HPV positive women had overall lower number of undetectable specimens for IL-17
(2.9% for HR-HPV positive vs. 25% for HR-HPV negative; p=0.01) and EOTAXIN
(32.4% for HR-HPV positive vs. 54.6% for HR-HPV negative; p=0.04) (Table 1).

3.3. Shifts in the correlation of cytokines with T-cell related markers suggest different
regulatory networks in HPV positive vs. HPV negative older women

The correlation results are presented in Fig. 1a and 1b. Several notable differences between
HR-HPV positive and negative women were observed. Among HR-HPV negative women,
regulatory cytokines IL-5, IL-7, IL-9, IL-12, IL-15, IFN-y, and TNF-a were significantly
positively correlated with IL-2 (Table 2 and Fig. 1a). Furthermore, GM-CSF and PDGBB,
which are related to monocyte function, were also significantly positively correlated with
IL-2. Among HR-HPV positive women, IFN-y, IL-7, IL-9, IL-12, IL-15, and TNF-a, were
correlated with EOTAXIN, with only GM-CSF and IFN-y remaining correlated with IL-2
(Table 2 and Fig. 1b). The immunoregulatory cytokines IL-10 and IL-13 were correlated
with EOTAXIN, but not IL-2, in both HPV-negative and HPV-positive women.
Furthermore, among HR-HPV negative women, IL-5 was significantly correlated with
BASICFGF, GM-CSF, IFN-y, IL-7, IL-9, IL-12 and TNF-a and GM-CSF was also
correlated with IL-9, IL-12 and IL-15 (Table 2 and Fig. 1b).

4. Discussion

We show a significant difference in the immunologic micro-environment in HPV-positive
vs. HPV-negative women aged 35-60 years. The immunoregulatory cytokine shift from
IL-2 to EOTAXIN suggests a novel relationship of HPV with the host immune response in
this group of women, with a possibly enhanced role of innate responses and a loss of
regulation of antigen-specific adaptive responses.

Older HR-HPV positive women showed higher concentrations of cytokine markers that are
prototypically associated with non-specific innate immunity seen in such instances as
responses to environmental allergens. I1L-5 and IL-13, which were elevated among the HR-
HPV positive women, are considered cytokines responsible for mediating responses to
airway pathogens through activation and control of eosinophils [17-19]. EOTAXIN is a
chemokine principally responsible for recruitment and regulation of eosinophils and
basophils. Eosinophils have also been explored as mediators of tumor immunity, and
eosinophilia has been explored as a potential prognostic marker in cancers of the oral cavity
[20]. Higher concentrations of IL-5-producing cells have also been detected in peripheral
blood mononuclear cells of HPV positive women with cervical cancer [21].

Granulocyte macrophage colony stimulating factor (GM-CSF) and macrophage
inflammatory protein-1 (MIP-1a) were also more highly expressed in the HR-HPV positive
women. These are chemokines produced by epithelial cells and macrophages, respectively,
and help recruit and stimulate granulocytes such as neutrophils, eosinophils and basophils
[22,23]. Higher concentrations of plasma GM-CSF and MIP-1a have been previously
associated with persistent HPV infection in older women, and GM-CSF has been tested as a
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potential therapeutic agent used to treat cervical low-grade squamous intraepithelial lesions
[5,24].

Interleukin-9 is produced primarily by T-cells of a recently characterized lineage known as
“Th9” that has been shown to mediate chronic allergic responses as well as protection
against helminth parasite challenge [25]. More recently, IL-9, along with IL-4, IL-5, and
IL-13, have been implicated as effector molecules of newly identified innate immune cells
responsible for the initiation of type-2 responses against various infectious agents such as
helminth parasites [26]. These same type-2 and anti-inflammatory T-cell responses are
associated with an increased risk of HPV viral persistence and development of pre-
cancerous lesions [27].

Interleukin-17, also increased in HR-HPV positive women, is a pro-inflammatory cytokine
of a separate T-cell lineage known as Th17, which is associated with localized tissue
inflammation that has been shown to play a role in response to bacterial and parasitic
challenge. IL-17 has also recently been linked to asthma and heightened responses to airway
allergens [28]. In addition to asthma, higher proportions of IL-17 producing CD4+ T-cells
were observed in the peripheral blood of women with cervical intraepithelial neoplasia [29].

A majority of the markers measured in the current study have been shown to be either co-
produced by the same immune cell subsets, or produced by cells that interact and regulate
one another in a highly dynamic state to produce a specific immunologic phenotype.
Correlation analysis offers a simple analytic technique to better explore the possible
interactions between the immunologic markers [30]. A key observation in this study was the
lack of correlation of IL-2, a key effector molecular of T-cell function, with other T-cell
lineage specific effector molecules such as IL-5, IL-7, IL-9, IL-12, IL-15 and their pro-
inflammatory downstream markers such as TNF-a in HPV positive women. Instead, these
regulatory cytokines were increased in significance and strength of correlation with
EOTAXIN in the HR-HPV positive women. It is tempting to speculate whether the shift
from 1L-2 to EOTAXIN is suggestive of the presence of a higher number of granulocytes,
specifically cells such as eosinophils, basophils, mast cells, and neutrophils in the cervix of
older, HR-HPV positive women, which may be mediating local T-cell responses. This
hypothesis is supported in the data by the correlation of GM-CSF with IL-5, IL-7, IL-9,
IL-12, and IL-15 in HPV negative women, which was not observed in HPV positive women.
Experimental models might be useful to determine whether the shift in correlation of these
T-cell markers with GM-CSF represents a loss of control in leukocyte production in favor of
granulocytic cell types, which in turn induce non-specific inflammatory responses in the
localized tissue.

Inferences regarding the temporal relationship of HPV and the host response are limited by
the cross-sectional design of this study. It is difficult to discern whether the differences
observed between HPV-negative and -positive women are caused by HPV infection, or
represent an immunologic microenvironment that leads to enhanced detection of HPV (i.e.,
reactivation). In addition, we are unable to determine if the immunologic associations
observed in the women in our study would be observed in younger women.

Some of the markers measured in this study were at the low end of the dynamic range of
detectability for this assay and had individual values that were either completely
undetectable or assigned by the luminex instrument. As a result, the assignment of % the
lowest value and the inclusion of estimated marker concentrations based on extrapolation of
the standard curve may inadvertently introduce bias leading to observed differences in
median marker concentration and correlations by HPV infection status. We approached this
limitation by first assessing differences in the proportion of completely undetectable marker
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values by HPV DNA status. Secondly, we performed a sensitivity analysis that excluded all
values that were either completely undetectable or outside the dynamic range of the assay.
We observed very little change in the magnitude of the difference in median marker
concentration by HPV status after exclusion other than a loss of statistical significance due
to reduced sample sizes. Furthermore, the observed differences in correlation of immune
markers by HPV status remained the same. However, additional work is currently underway
to validate these observations in a larger sample.

The higher cervical concentrations of specific immunologic markers in HR-HV positive
women, combined with global shifts in the correlation structure towards a phenotype
typically related to allergic inflammation, offer important new data relevant to our
understanding of HPV infections at older ages. Specifically, these data support a hypothesis
for a potential role of granulocyte populations and other non-antigen specific immune cells
in mediating HPV host response in older women that can be further explored in both
observational and experimental study designs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

a. Correlation of immune markers measured from cervical secretion specimens among HPV
negative women. Black squares indicate a p-value of <0.01 for the significance of the
correlation using Spearman's rank correlation adjusting for multiple comparisons.
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b. Correlation of immune markers measured from cervical secretion specimens among HPV
positive women. Black squares indicate a p-value of <0.01 for the significance of the
correlation between markers using Spearman's rank correlation adjusting for multiple
comparisons.
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