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Interleukins (IL)-8, IL-1at, IL-1B, and IL-1 receptor antagonist (IL-1RA) have emerged as indicators of vag-
inal inflammation and HIV-1 transmission risk. We provide values and factors of normal variation of
these immune mediators in premenopausal women to allow their wider clinical application as biomark-
ers of vaginal health. Cross-sectional analyzes (Kruskal-Wallis and Wilcoxon exact tests) of cytokine con-
centrations in relation to sociodemographic variables and Nugent score were performed on baseline
(prior to product) cervicovaginal lavage from two Phase I randomized microbicide trials. All women in
the analysis had regular menstrual cycles, 72 h abstinence, normal blood and Pap tests, and absence of
genitourinary infections, study-relevant allergies, antibiotics use and history of substance abuse. Cyto-
kine norms were defined as the values among those with Nugent score <4. Among women with normal
Nugent score (n=92), IL-8 and IL-1B were lowest in those using abstinence as compared to hormonal
contraceptives or male/female sterilization as their primary method for birth control. No difference
was found by age, prior pregnancy, or education, and also by race after controlling for contraceptive
method. Women with abnormal (>7) and borderline (4-6) Nugent scores had elevated IL-1o and/or IL-
1B although their IL-1RA-to-IL(o + B) ratio remained within the normal range due to higher IL-1RA.
Women with borderline Nugent scores had IL-8 levels above the normal range. IL-8 and the IL-1RA-to-
IL-1 ratio can be used as independent biomarkers of vaginal immune balance. More studies must deter-
mine the role of sexual activity, contraceptive method, and borderline Nugent scores, which normally are
not exclusion criteria for enrollment in microbicide trials but may affect product tolerability and HIV-1
risk due to the aberrant cytokine levels.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

mitted infections projected to occur in the next 10 years [2]. Thus
new modes of prevention are desperately needed and, after many

Despite improved access to prevention programs and effective
therapies and the global decline in HIV incidence since 1999, in
2009 there were still 2.6 million new HIV infections and 1.8 million
HIV-related deaths [1]. Globally, an estimated 31.4-35.3 million
people were living with HIV in 2009 (14.8-17.2 million women)
and the vast majority unaware of their status [1]. Recent estimates
suggest that scaling up currently available prevention methods
(condoms and abstinence) in 125 low- and middle-income coun-
tries would avert only half (28 million) of the new sexually trans-
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years of development efforts and recent promising results from the
tenofovir trial in Africa [3], vaginal/topical anti-HIV microbicides
are emerging as a viable and highly desired alternative.

To be effective, a topical microbicide must avoid mucosal
inflammation, a known risk factor for HIV-1 transmission, and pre-
serve the natural immune barrier against STIs [4-6]. Therefore vag-
inal cytokine mediators of inflammation have been proposed as
objective measures of mucosal safety of topical microbicides [6-8].

The proinflammatory interleukins IL-1a., IL-1p and IL-8 and the
antiinflammatory protein IL-1 receptor antagonist (RA) have
emerged as biomarkers of vaginal epithelial/mucosal damage and
inflammation with key roles in HIV-1 transmission [4,9-12].
Membrane-damaged epithelial cells release intracellular stores of
IL-1o0 and IL-1B [13], which weaken the natural anti-HIV mucosal
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barrier via inducing an inflammatory reaction, attracting and acti-
vating HIV-1-susceptible CD4 positive cells and enhancing the viral
replication in acutely or latently infected cells [9]. Both IL1a and
IL1B bind to and internalize the membrane receptor IL-1RI on vir-
tually any cell type leading to activation of NF-kB and other proin-
flammatory signal transduction pathways and consequently the
expression of a myriad of inflammatory genes [14]. However, upon
membrane damage epithelial cells also release IL-1RA [13], which
occupies the same IL-1RI but does not activate the cells and hence
attenuates the inflammatory response [15]. Therefore a lowered
vaginal mucosal ratio of IL-1RA/IL-1(o + B) has been considered
as an additional biomarker of risk of HIV infection [10,13,16,17].
IL-1B up-regulates IL-1RA synthesis under conditions of inflamma-
tion but it also augments its own production and the expression of
proinflammatory genes including IL-8 by the human vaginal and
cervical epithelial cells [13,15,18,19]. IL-8 recruits CD4 + HIV-1
host cells and neutrophils driving inflammatory tissue damage
[20,21]. IL-8 also stimulates HIV-1 replication in macrophages
and T cells [22]. Consistent with these biological functions, in-
creased levels of IL-1B and IL-8 have been associated with HIV-1
shedding in vaginal secretions [11,23,24].

A number of animal and human studies have produced evi-
dence that levels of IL-1q, IL-1B, IL-8, and IL-1RA in cervicovaginal
lavage (CVL) positively correlate with histopathology and clinical
signs of vaginal inflammation [4,13,25-28]. IL-1¢, IL-1B, IL-8 but
not IL-1RA increased and the IL-1RA-to-IL-1 ratio decreased in
CVLs after repeated vaginal use of Nonoxynol-9 (N-9)-based con-
traceptives and other irritating products [10,13]. These cytokine
findings were associated with NF-kB activation in the vaginal epi-
thelium which altogether may underlie the inflammatory damage
that has caused N-9 to fail as a microbicide candidate [5,13,29].

Furthermore, the interest in using IL-1o, IL-1B, IL-1RA, and IL-
8 as biomarkers of vaginal health has been supported by many
studies showing that they are reproducibly detectable in human
CVL by traditional ELISA [8,10,12,30-33] and remain stable in
the CVL matrix for at least 24 h at temperatures up to 37 °C
without addition of protease inhibitors [8]. Because of the strong
biologic rationale of using cytokines as biomarkers of HIV trans-
mission risk, steps have been taken toward establishing inter-
laboratory standards of their measurement in vaginal fluid
[34]. However, despite all these favorable reports, gaps and
weaknesses of data available about the normal variation of IL-
1o, IL-1B, IL-8, IL1-RA and the IL1RA/IL-1 ratio in the vaginal
secretions of healthy nonpregnant premenopausal women have
hampered their wider clinical application. Information on nu-
meric values of cytokine concentration ranges along with recom-
mended dilution within assay linearity and factors of physiologic
variation is needed for the establishment of valid normative
ranges of these biomarkers. Only one study on a small number
of healthy women (n = 10) has published numeric values of med-
ian and range of all five of these biomarkers in 10 ml saline CVL
(the most common mode of vaginal cytokine sampling to date)
along with information on sample dilution [13]. Several other
studies of healthy nonpregnant women have provided numeric
values of median and/or ranges of IL-1B (n=60, [35]) and IL-8
(n=24, [36] and n=60 [35]) in 10 ml CVL. Other studies pro-
vided baseline mean or mean/inter-quartile ranges or confidence
intervals for IL8, IL-1a or IL-1p in less common volumes of CVL
(3mL [37], 5mL [38] or 20 mL [39]). Only one study looked at
correlation of IL-1B and IL-8 with age in healthy women
(n=55), although the age range was not defined [31]. In all
these studies race and method of birth control remained unde-
fined as potential factors of normative variation. Moreover, most
published reports lack technical details, e.g. sample dilution, as-
say linearity and reproducibility, which are essential for estab-
lishing CLIA standards for cytokine evaluation.

To address some of these gaps we conducted a secondary anal-
ysis pooling baseline sociodemographic data and measurements of
IL-1o, IL-1B, IL-1RA, the IL-1RA-to-IL-1(o+ B) ratio, and IL-8,
collected under standardized operational procedures from two
14-day randomized Phase I studies of candidate microbicides, pro-
viding reference values for what we consider norm in these trials.

2. Methods
2.1. Clinical study protocols and population

The Phase I studies, reported in detail elsewhere [32,40], en-
rolled healthy female volunteers 18-50 years old, with regular
menstrual cycles, and not at risk for pregnancy, who provided
signed informed consent in five clinical centers: CONRAD Clinical
Research Center at the Eastern Virginia Medical School (Norfolk,
VA, USA), the Magee-Women’'s Hospital (Pittsburgh, PA, USA),
University of Cincinnati (Cincinnati, OH, USA), Johns Hopkins
(Baltimore, MD, USA), and PROFAMILIA (Santo Domingo, Domini-
can Republic). CVLs for cytokine assessments were collected at
the four US centers. The studies were IRB approved at each clin-
ical and laboratory site in accordance with the Declaration of
Helsinki. Volunteers were ineligible if they had a hysterectomy,
were breastfeeding or within 2 months of last pregnancy out-
come, were allergic to the study products, N-9 or latex or had
prior exposure to the study gel. Participants had to have no gen-
itourinary or sexually transmitted infection, including bacterial
vaginosis (BV) by Amsel criteria [41], normal blood counts and
blood chemistry (+/— 20%), no recent antibiotics use (within
2 weeks) and no drug or alcohol abuse. Samples for Nugent scor-
ing were collected at baseline, but results were not obtained
immediately and were not used to exclude women. Women
were excluded if they were diagnosed with BV based on clinical
(Amsel’s) criteria. All participants were instructed to abstain from
vaginal intercourse for 72 h prior to baseline collection. The 72 h
interval was part of the primary study design aimed at reducing
baseline variability due to presence of semen constituents, con-
servatively chosen based on data for vaginal clearance of semen
antigens within 24-48 h [42,43] or findings of vaginal trauma
after intercourse [44].

The secondary cytokine analysis, reported here, is based on all
participants for whom both Nugent score and cytokine data were
available at baseline (before product). For two women who partic-
ipated in both studies one set of baseline values was randomly re-
moved. The demographic characteristics of this population are
shown in Table 1.

To assess the effects of contraceptive method on the normal
vaginal cytokine baseline, participants were grouped based on
self-reported contraceptive method used for at least 2 weeks prior
to study enrollment: (1) protected from pregnancy by sexual absti-
nence only, (2) hormonal contraceptives or (3) male/female steril-
ization. Three subjects were excluded from this part of the analysis
because their method could not be categorized into one of these
groups.

2.2. Sample collection and processing

All baseline CVLs were collected between day 5 and 13 of the
menstrual cycle. Following placement of a speculum, the vaginal
walls and cervix were washed with 10 ml of normal non-buffered
saline, using a syringe. Special care was taken to avoid trauma to
the epithelium and to direct the stream of saline away from the
cervical os. The fluid was collected in conical polypropylene tubes
and centrifuged for 10 min at 1000g to remove cells and debris. The
supernatant was frozen at —70 °C and transported to the Labora-
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Table 1
Demographics of study population (all healthy participants with baseline cytokine
and Nugent score (n = 109)).

Demographics
Age (in years) Mean (SD) 28.7 (7.2)
Median (Range) 28.0 (18.0-
49.0)
Education: school years Mean (SD) 14.7 (2.6)
completed Median (Range) 14.0 (9.0-22.0)
Ethnicity [n (%)] Hispanic/Latina 1(0.9)
Not Hispanic/Latina 108 (99.1)
Race [n (%)] Black 23 (21.1)
White 84 (77.1)
Mixed Race 2(1.8)
Partner status [n (%)] Living with partner 60 (55.0)
Not living with 29 (26.6)
partner
No partner 20 (18.3)
Nugent score [n (%)] Normal (<4) 92 (84.4)
Borderline (4-6) 7 (6.4)
Abnormal (>7) 10(9.2)

tory of Genital Tract Biology at Brigham and Women’s Hospital for
cytokine analysis.

A vaginal smear was obtained for Gram stain from the vaginal
wall, air dried on a glass slide and transported to the Magee-
Women’s Research Institute according to standard procedures for
Nugent scoring [45]. The “Nugent score” is an accepted scoring sys-
tem using microscopic examination of a Gram stained vaginal
smear for determining BV. A score of 4-6 is considered an interme-
diate score and 7-10 is consistent with BV. The positive clinical
diagnosis of BV was defined as the presence of three of the four fol-
lowing Amsel’s criteria: (1) characteristic discharge, (2) whiff test
positive, (3) vaginal pH exceeding 4.5, (4) presence of clue cells
on wet mount (greater than 20% of vaginal epithelial cells).

2.3. Cytokine measurement

Standardized preanalytic, analytic and postanalytic procedures
were developed for the measurement of cytokines in CVL by ELISA
and carried out in the Brigham and Women’s Laboratory of Genital
Tract Biology, which is accredited for this type of analysis by the
College of American Pathologists. Before cytokine analysis each

sample was thawed once for aliquoting. The bench time for CVL
processing at room temperature was controlled and did not exceed
1.5 h. Aliquots were kept in sealed Micronic microtubes (USA
Scientific Inc., Ocala, FL) to improve storage stability and allow
quick multi-channel processing during immunoassays. Each cyto-
kine was analyzed in individual previously non-thawed aliquots.
Chemiluminescence-based QuantiGlo IL-1p and photometric
Quantikine IL-1RA ELISA kits were purchased from R&D Systems,
Minneapolis, MN. Photometric Endogen IL-1a and IL-8 ELISA kits
were obtained from Pierce, now part of Thermo Scientific (Rock-
ford, IL). Relative luminescence units (RLU) or optical densities
(OD) were read using a Multilabel Microplate Counter Victor 2
(Perkin Elmer Life Sciences, Boston, MA). The readings were con-
verted to concentrations by linear interpolation from calibrator
curves using WorkOut Version 1.5 Wallace Software (DAZDAQ
Ltd.).

It is important to note that IL-1a and IL-1B are synthesized as
larger precursors, which are processed to mature fragments; how-
ever, while IL-1B requires enzymatic cleavage to become biologi-
cally active, both the precursor and the mature IL-1o forms are
biologically active [15]. The ELISA assays used in this study mea-
sured both IL-1o forms and the active IL-1B form (manufacturer
information).

The IL-1a, IL-B and IL-8 assays were manufacturer-calibrated
against WHO/NSBC standards with the following conversion in-
dexes: 1 pg Endogen Pierce IL-1a. = 0.25 NIBSC 86/632 Units; 1 pg
QuantiGlo IL18 = 0.1128 NIBSC 86/680 Units; 1 pg Endogen Pierce
IL-8 = 0.0013 NIBSC 89/520 Units. The Quantikine IL-1RA assay
has been calibrated against highly purified E. coli-expressed recom-
binant IL-1RA.

All CVL samples were tested in duplicates. A quality control CVL
pool was generated and split samples from the same pool were
tested in each plate to assess inter-assay variability by calculating
coefficients of variation (CV%) =100 x standard deviation/average
of all plate runs of each cytokine. The following precision parame-
ters and cut-off levels were established for reproducibly quantifi-
able CVL cytokine levels: IL-1o>20.48 pg/ml (CV <20%), IL-
18> 10pg/ml (CV<10%, dilution factor 2), IL-8>256 pg/ml
(CV < 22%, dilution factor 10), and IL-1RA > 4690 pg/ml (CV < 13%,
dilution factor 100). These cut-off levels are consistent with biolog-
ically significant EDsq values established for each cytokine in vitro.
To measure the homeostatic balance between the antagonist and

Table 2

Baseline cytokine data by categorized baseline Nugent scores (n = 109).
Characteristic Normal (<4) Borderline (4-6) Abnormal (>=7) p-Values®
IL-10° (pg/ml) 0.0800
Mean (SD) 30.0 (36.0) 58.3 (66.4) 92.07(110.0)
Median (Range) 18.1 (0.0-267.1) 20.5 (10.4-171.1) 31.7 (13.9-306.4)
IL-1p° (pg/ml) 0.0022
Mean (SD) 68.3 (261.0) 98.3f(95.3) 298.31(558.6)
Median (Range) 18.7 (0.0-2423.0) 62.6 (4.9-287.3) 113.0(6.1-1847.8)
IL-1RAY (ng/ml) 0.0010
Mean (SD) 133767(129737) 2322741139531) 3018801(232995)
Median (Range) 108013 (853-1046382) 193541 (108674-520643) 226749 (78052-756466)
IL-8¢ (pg/ml) 0.0645
Mean (SD) 890.2 (1289.1) 2845.0 (2891.1) 1531.7 (2131.6)
Median (Range) 460.0 (0.0-7591.0) 1994.5 (193.0-8159.5) 589.2 (21.3-6420.4)
IL-1RA:IL-1(o + B) ratio 0.6121

Mean (SD)
Median (Range)
Participants [n]

3898 (5232)
2191 (50-28300)
92

2518 (1932)
2013 (574-5225)
7

2592 (3073)
1654 (271-10681)
10

a
b
c
d
e

f Significantly different from normal by above criteria.

Two-tailed p-values based on Monte Carlo estimates for the Kruskal-Wallis exact test.
p-Values: normal vs. borderline 0.2919; normal vs. abnormal 0.0351;
p-Values: normal vs. borderline 0.0220; normal vs. abnormal 0.0053;
p-Values: normal vs. borderline 0.0130; normal vs. abnormal 0.0030;
p-Values: normal vs. borderline 0.0202; normal vs. abnormal 0.5340;

abnormal vs. borderline 0.6618.
abnormal vs. borderline 0.5947.
abnormal vs. borderline 0.6618.
abnormal vs. borderline 0.2278.
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Table 3

Baseline cytokine data by primary contraceptive method used for at least 2 weeks prior to enrollment by participants with normal baseline Nugent scores (n = 89)".
Characteristic Hormonal Male/female sterilization Abstinence as only method p-Value®
IL-1 o pg/ml 0.8833
Mean (SD) 29.9 (38.1) 28.7 (26.4) 26.0 (22.0)
Median (Range) 19.0 (3.9-267.1) 17.7 (2.8-108.8) 18.2 (0.0-76.8)
IL-1 B¢ pg/ml 0.0063
Mean (SD) 103.2 (337.1) 26.6 (22.9) 13.0 (17.4)
Median (Range) 22.0 (0.0-2423.00 20.7 (0.0-79.1) 7.3 (0.0-64.5)
IL-1RA pg/ml 0.1865
Mean (SD) 154905 (156942) 107556 (62098) 97739 (76663)
Median (Range) 117399 (14568-1046382) 108013 (853-267509) 62128 (16758-274022)
IL-8¢ pg/ml 0.0003
Mean (SD) 1052.0 (1509.8) 1143.3 (974.4) 334.2 (584.1)
Median (Range) 547.7 (22.2-7591.0) 836.0 (0.0-3702.2) 159 (0.0-2632.6)
IL-1RA:IL-1(oL + B) 0.5724

Mean (SD) 3514 (4412)
Median (Range) 2191 (50-28300)
Participants [n] 54 16

2488 (2240)
1912 (305-9122)

5275 (7024)
2933 (346-27930)
19

2 One participant enrolled as “abstinence” but used oral contraceptive up until time of study is re-categorized as hormonal group; one participant using no method and two

participants using condoms are excluded from this analysis.

b Two-tailed p-values based on Monte Carlo estimates for the Kruskal-Wallis exact test.
¢ p-Values: hormonal vs. male/female sterilization 0.6255; hormonal vs. abstinence as only method 0.0015; abstinence as only method vs. male/female sterilization 0.0311.
4 p-Values: hormonal vs. male/female sterilization 0.1870; hormonal vs. abstinence as only method 0.0006; abstinence as only method vs. male/female sterilization 0.0002.

agonists of the IL-1 receptor we calculated the ratio of IL-1RA: IL-1
(sum of IL-1o and IL-1B).

2.4. Statistical analysis

Nonparametric methods were chosen because cytokine levels
were not normally distributed. Initial analysis compared levels
measured in baseline CVLs from all participants in the two studies
and then assessed associations between Nugent score and each
cytokine (n = 109). Analysis of factors affecting the normal baseline
was performed only on data from women with normal baseline
Nugent scores (n = 92). Wilcoxon (two levels in baseline character-
istics) and Kruskal-Wallis (more than two levels) exact tests were
applied using Monte Carlo estimates (two-tailed p-values). If tests
among three or more levels showed a p-value <=0.10 (two-tailed),
then pair-wise comparisons were performed to isolate the sources
of differences. In addition, two-way Analyzes of Variance (ANO-
VAs) were conducted on log-transformed cytokine values (to nor-
malize the distribution) to assess the effect of race controlling for
contraceptive method and vice versa. Given the exploratory nature
of this study (secondary analysis not powered to detect specific
differences) statistical tests should be considered hypothesis-

generating; no adjustments to alpha levels were made for multiple
analysis. All analyzes were conducted using The SAS® System v.
9.2.

3. Results

No differences in the baseline cytokine concentrations were
found between the two Phase I studies, supporting the decision
to pool the data (not shown). Analyzes did not control for center
to avoid obscuring associations with demographic characteristics
of interest.

The categorized Nugent score was associated with significant
differences in cytokine levels (Table 2). Compared to those with
normal Nugent scores (<4), women with abnormal (>7) Nugent
scores showed higher levels of IL-1o, IL-18 and IL-1RA
(p <0.0351, 0.0053 and 0.0030, respectively), and women with
borderline (4-6) Nugent scores showed higher levels of IL-1B, IL-
1RA, and IL-8 (p = 0.0220, 0.0130, and 0.0202, respectively). The
IL-1RA:IL1(o + B) ratio showed no significant differences between
these groups. To characterize factors affecting the normal cytokine

Table 4

Baseline cytokine data by race in all healthy participants with normal baseline Nugent scores (n = 92).
Characteristic White Black/mixed race p-Value® p-Value®
IL-1o pg/ml 0.1032 0.6085
Mean (SD) 31.1 (37.6) 25.4 (28.9)
Median (Range) 20.1 (0.0-267.1) 13.6 (2.3-108.8)
IL-1B pg/ml 0.0113 0.0627
Mean (SD) 81.8 (289.7) 12.5(12.5)
Median (Range) 20.4 (0.0-2423.0) 8.4 (0.0-43.1)
IL-1RA pg/ml 0.6464 0.3327
Mean (SD) 139814 (140212) 108922 (69760)
Median (Range) 108013 (14569-1046382) 113680 (853-270031)
IL-8 pg/ml 0.0100 0.0980
Mean (SD) 1030.2 (1397.9) 315.1 (262.5)
Median (Range) 533.9 (0.0-7591.0) 272.8 (0.0-871.8)
IL-1RA:IL-1(o + B) 0.2522 0.7630

Mean (SD) 3736 (5188)
Median (Range) 2068 (50-28300)
Participants [n] 74

4565 (5510)
3036 (305-24139)
18

¢ Two-tailed p-values based on Monte Carlo estimates for the Wilcoxon two-sample exact test.
b Two-tailed p-values based on two-way ANOVA on log-transformed cytokine values controlling for contraceptive method prior to enrollment.
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Table 5
Correlation of baseline cytokine concentrations with age in all healthy participants
with normal baseline Nugent scores (n = 92).

Characteristic Spearman correlation coefficient p-Values?®
IL-10 0.0354 0.7375
IL-18 0.0022 0.9833
IL-1RA —-.0338 0.7491
IL-8 0.0258 0.8072
IL-1RA:IL-1(o + B) ratio —.0943 03714

2 Two-tailed p-values computed by treating t=((sqrt(n—2)) x corr)/
(sqrt(1—corr x corr)) as coming from a t distribution with n—2 degree of freedom,
where n is sample size and corr is the Spearman correlation.

baseline among healthy individuals, the remaining analyzes were
conducted only on women with normal Nugent scores.

The three groups classified by contraceptive method showed
significant differences in IL-1B and IL-8, with lowest values in the
abstinence group (Table 3). IL-1B was significantly lower in the
abstinence group as compared to both the sterilization
(p=0.0311) and hormonal contraception groups (p = 0.0015). The
significance was even stronger for IL-8 values (p =0.0002 and
0.0006, respectively). Controlling for race to address confounding
between race and contraception method did not change these re-
sults. No association was found between IL-1RA-to-IL-1(o + B) ratio
and contraceptive method.

Baseline levels of IL-1p and IL-8 were lower in Black/mixed race
women as compared to White women by initial analysis; however,
these differences were eliminated after statistically controlling for
contraceptive method (Table 4).

No associations were found between cytokine baselines and age
(Table 5) or education (<=high school versus > high school) and
prior pregnancy (data not shown).

4. Discussion

Our study provides normative ranges for levels of IL1a, IL-18, IL-
1RA, the ratio of IL-1RA to cumulative IL-1o and B, and IL-8 in vag-
inal secretions sampled between days 5-13 of the menstrual cycle
in healthy non-menopausal non-pregnant women sexually absti-
nent for at least 72 h. No linear correlation with age was found
in the range of 18-49 years. This finding was in agreement with
the only previous report on age as a factor of vaginal cytokine var-
iation [31]. The inter-quartile or 95% confidence intervals reported
previously for these biomarkers in 10 ml CVL from healthy non-
pregnant women [13,35,36] coincide with the normal ranges
determined in our study (Table 2). Although numerous other stud-
ies have measured cytokines in cervicovaginal lavage secretions to
assess the immune status of pregnant women or women with BV,
HIV, and other STIs, not all are cited here because they were not de-
signed to establish the physiologic variation of cytokines in healthy
nonpregnant individuals or did not provide baseline numeric val-
ues that could be used as a basis for comparison with the ranges
established in our study. Our investigation showed that among
the factors typically recorded and studied in healthy participants
of microbicide safety trials, Nugent score and mode of contracep-
tion had a significant effect on the cytokine baseline.

Our study participants were bacterial vaginosis (BV) negative by
Amsel criteria and had no clinical signs of vaginitis or vaginosis
such as discharge, odor, pain, clue cells etc. although 16% had
abnormal or borderline Nugent scores at enrollment. Both the
abnormal and borderline Nugent scores were associated with high-
er IL-1B; however, abnormal Nugent score was also associated with
higher IL-1o0 while borderline Nugent score was also associated
with higher IL-8 levels. Despite the fact that in our study the num-
ber of women with Nugent score >4 was small, our findings sup-

port previously published data and underscore the importance of
assessing borderline Nugent score and associated intermediary
vaginal flora as independent factors of microbicide trial outcome
and HIV infection risk. In a nested case-control study, women with
borderline Nugent score were slightly more likely to seroconvert
than participants with normal Nugent score [46]. Moreover, a re-
cent study showed that clinically diagnosed BV and intermediate
flora were independently associated with HIV acquisition after
controlling for demographic and behavioral covariates and other
reproductive tract infections [47]. Our findings of higher IL-1B
and IL-8 baseline in association with borderline Nugent scores in
the absence of clinical vaginitis and vaginosis suggest a plausible
mechanism facilitating HIV acquisition in women with intermedi-
ate flora via upregulation of cytokine-driven HIV replication. The
potential impact of borderline Nugent scores on the mucosal re-
sponses to vaginal microbicides warrants further studies.

In our study, abnormal and borderline Nugent scores in other-
wise healthy women were also associated with an increase of
anti-inflammatory IL-1RA, which may be a physiologic response
to increased IL-1 aimed at maintaining a balanced IL-RA-to-IL-
1(o+ B) ratio. Interestingly, IL-8 was significantly elevated in
women with borderline Nugent score despite the fact that their
IL-1RA-to-IL-1(o + B) ratios were within the normal baseline range
(Table 2). Since none of the women in our study had clinically diag-
nosed vaginitis or vaginosis (only women negative for BV by Amsel
criteria were enrolled in the study), it is possible that an elevated
IL-8 combined with a compensated IL-1RA-to-IL1 ratio may
represent an early sign of subclinical bacterial imbalance while a
clinically significant BV may better correlate with an imbalanced
IL-1RA-to-IL1 ratio as suggested by a study in pregnant women
[48]. Because our study only enrolled women negative for BV by
Amsel criteria and hence the number of women with abnormal
and intermediary Nugent scores was relatively low (Table 1), fu-
ture studies focusing on women with clinical BV should address
the importance of the IL-1ra-to-IL-1 ratio as a biomarker of BV.
Similarly to the effect of subclinical abnormal microflora, contra-
ceptive method affected IL-18 and IL-8 but not IL-1RA and the IL-
1RA-to-IL-1 ratio in the healthy population of women (Table 3).
These findings suggest that IL-8 and the IL-1RA:IL-1(a + B) ratio
may be independent variables of cytokine imbalance in the vaginal
environment and that IL-8 may be increased independently from
the IL-1 cytokine family in the absence of clinically significant
symptoms. The normal IL-1RA/IL1(o + B) baseline measured in
our study showed wide (several log) margins of variation, which
may reflect physiologic conditions or genetic polymorphisms
known to regulate levels of IL-1RA and other members of the IL-
1 family [49]. On the other hand, other studies have shown that
a significant decrease in the anti-inflammatory IL-1RA to IL-
1(ou + B) ratio was induced by Nonoxynol-9 in vaginal epithelial
cells [13,50,51] and in CVLs after vaginal application of N-9 or irri-
tating doses of lime juice and those changes were accompanied by
significantly higher IL-8 and inflammatory cell influx [10,13]. Thus,
a significant drop of the IL-1RA-to-IL-1(a + B) ratio from its sub-
ject-specific baseline might be indicative of symptomatic inflam-
matory conditions or advanced mucosal damage. Future clinical
studies should explore the value of this ratio as a biomarker of vag-
inal health.

Our analysis of cytokine baseline also brings up the importance
of sexual abstinence versus other contraceptive methods as factors
with a significant impact on the vaginal immune balance. Our data
showed significantly lowered proinflammatory cytokines in wo-
men abstaining from intercourse for at least 2 weeks as compared
to those relying on hormonal contraceptives or surgical steriliza-
tion as a primary birth control method. These data support the
hypothesis that sexual intercourse and/or method of contraception
may predispose to mucosal damage and increased HIV risk by
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modifying the physiologic baseline of proinflammatory cytokines,
e.g. IL-1B and IL-8. The hypothesis needs to be addressed by future
studies. Unplanned exploratory analyzes from the Nigerian arm of
the cellulose sulfate (CS) trial showed that CS might have lowered
risk for gonorrhea and chlamydial infection in women who had
above median coital frequency at baseline and above median aver-
age of number partners during follow-up [52]. Thus it has been
proposed that it may be beneficial for effectiveness trials to have
two cohorts of women with one being less sexually active [52,53].

Unfortunately, most microbicide safety trials like ours and most
effectiveness trials assess sexual activity via participant self-report
rather than via objective measures of semen exposure [54]. The
prostate specific antigen (PSA) test has been recommended as a
sensitive method for assessing recent unprotected intercourse
(within 24 h) but it is cleared quickly from the vaginal secretions
following intercourse and on the other hand ectopic prostatic tis-
sue has been reported in human uterine cervix and vagina [55-
57] and therefore should be interpreted with caution. Also, semen
biomarkers cannot be used to ascertain lack of condom-protected
intercourse. Substantial discrepancies have been reported between
self-reported sexual abstinence and positive results from PSA mea-
surement in vaginal swab elutions [42]. Our data demonstrating a
significant difference in proinflammatory cytokine levels between
subjects who reported sexual abstinence versus alternative meth-
ods of contraception stress the importance of improved monitoring
of the frequency of sexual intercourse and method of contraception
in future microbicide trials using objectively measurable
biomarkers.

Another plausible explanation for baseline differences attribut-
able to method of contraception could be interference of hormonal
level fluctuations with pathways that regulate vaginal mucosal
cytokines. Our study lacks data in this respect as the baseline sam-
pling occurred between menstrual cycle days 5 and 13 (to allow for
product application prior to menses) thus avoiding the menstrual
phases previously linked to spikes in proinflammatory cytokines
in cervical mucus or vaginal lavage [23,58]. Future studies need
to address the effects of physiologic and pharmacologic hormonal
fluctuations on the vaginal cytokine baseline.

Level of education and past pregnancy had also no significant
effect on the cytokine values of healthy non-pregnant recently
abstinent women of reproductive age. Our study found also no dif-
ferences by race after controlling for method of contraception,
although it has to be noted that no Asian women were represented
and the effect of Hispanic ethnicity could not be evaluated (Table
1). The role of genetic, racial and geographic factors in the cytokine
homeostasis has been studied mostly in pregnant women [59-63].
A recent study in pregnant women concluded that cervical IL-1a
and IL-6 levels were significantly different between black and
white women without BV but not with BV [61]. Allelic polymor-
phisms have been linked to increased production of IL-1, IL-1RA
and other cytokines and cytokine receptors with possible implica-
tions for HIV infection and transmission risk [17]. Our study found
differences between black and white women, which however were
not present after controlling for differences in contraceptive meth-
od, thus suggesting that some racial differences may be behavioral
(e.g. contraceptive choice) rather than genetic. Socio-economic sta-
tus may also underlie interracial and interethnic differences in im-
mune mediator levels through impact of stress, malnutrition, and
obesity [64]. These factors remain to be studied in relation to the
vaginal cytokine network.

Neuroendocrine mechanisms related to pregnancy, lactation,
menopause, circadian cycle, and physical exercise may influence
the cytokine baseline in healthy women [8]. Most of these factors
have not been studied with respect to normal cytokine variation
in the vaginal mucosal environment. Pregnancy, lactation and
menopause were exclusion criteria in the Phase I studies used here

so they could not be addressed in our analysis. More studies are
needed to elucidate the role of these factors in the cytokine net-
work in relation to the effectiveness of topical microbicides and
the female genital tract susceptibility to HIV infection.

Disclosure statement

None of the authors have any conflict of interest with this
study.

Acknowledgments

The work reported here has been carried out in accordance with
The Code of Ethics of the World Medical Association (Declaration of
Helsinki) following informed consent and Institutional Review
Board approval for human subject research at each participating
institution. The cytokine testing at the Laboratory of Genital Tract
Biology was supported by grant MSA-02-304 (RF) from CONRAD
(Eastern Virginia Medical School), under a Cooperative Agreement
with the US Agency for International Development (USAID). The
views expressed by the authors do not necessarily reflect those
of USAID. The CONRAD studies and the data management and sta-
tistical analysis carried out by FHI were supported by the Global
Microbicide Project (GMP), a program of CONRAD. The authors
thank the student intern at the Fichorova lab Robert Jablonowski
from Lund University, Sweden, for technical help with the manu-
script and the Endnote library. All authors have contributed to
study design and have reviewed and approved the final version
of this manuscript.

References

[1] UNAIDS. in: http://www.unaids.org/globalreport/Global_report.htm; 2010.

[2] UNAIDS, UNAIDS Global Facts and Figures 2006. in: 2006 (http://www.
data.unaids.org/pub/GlobalReport/2006/200605-FS_globalfactsfigures_en.pdf).

[3] Abdool Karim Q, Abdool Karim SS, Frohlich JA, Grobler AC, Baxter C, Mansoor
LE, et al. Effectiveness and safety of tenofovir gel, an antiretroviral microbicide,
for the prevention of HIV infection in women. Science 329:1168-1174.

[4] Fichorova RN, Bajpai M, Chandra N, Hsiu JG, Spangler M, Ratnam V, et al.
Interleukin (IL)-1, IL-6, and IL-8 predict mucosal toxicity of vaginal
microbicidal contraceptives. Biol Reprod 2004;71:761-9.

[5] Hillier SL, Moench T, Shattock R, Black R, Reichelderfer P, Veronese F. In vitro
and in vivo: the story of nonoxynol 9. J Acquir Immune Defic Syndr
2005;39:1-8.

[6] Lard-Whiteford SL, Matecka D, O'Rear JJ, Yuen IS, Litterst C, Reichelderfer P.
Recommendations for the nonclinical development of topical microbicides for
prevention of HIV transmission: an update. ] Acquir Immune Defic Syndr
2004;36:541-52.

[7] Cutler B, Justman ]. Vaginal microbicides and the prevention of HIV
transmission. Lancet Infect Dis 2008;8:685-97.

[8] Fichorova RN. Guiding the vaginal microbicide trials with biomarkers of
inflammation. J Acquir Immune Defic Syndr 2004;37(Suppl. 3):184-93.

[9] Alfano M, Poli G. Role of cytokines and chemokines in the regulation of innate
immunity and HIV infection. Mol Immunol 2005;42:161-82.

[10] Mauck CK, Ballagh SA, Creinin MD, Weiner DH, Doncel GF, Fichorova RN, et al.
Six-day randomized safety trial of intravaginal lime juice. ] Acquir Immune
Defic Syndr 2008;49:243-50.

[11] Cummins JE, Christensen L, Lennox JL, Bush TJ, Wu Z, Malamud D, et al.
Mucosal innate immune factors in the female genital tract are associated with
vaginal HIV-1 shedding independent of plasma viral load. AIDS Res Hum
Retroviruses 2006;22:788-95.

[12] Spear GT, Sha BE, Saarloos MN, Benson CA, Rydman R, Massad LS, et al.
Chemokines are present in the genital tract of HIV-seropositive and HIV-
seronegative women: correlation with other immune mediators. J Acquir
Immune Defic Syndr Hum Retrovirol 1998;18:454-9.

[13] Fichorova RN, Tucker LD, Anderson DJ. The molecular basis of nonoxynol-9-
induced vaginal inflammation and its possible relevance to human
immunodeficiency virus type 1 transmission. ] Infect Dis 2001;184:418-28.

[14] O'Neil LA, Greene C. Signal transduction pathways activated by the IL-1
receptor family: ancient signaling machinery in mammals, insects and plants. ]
Leuko Biol 1998;63:650-7.

[15] Arend WP. The balance between IL-1 and IL-1Ra in disease. Cytokine Growth
Factor Rev 2002;13:323-40.

[16] Goletti D, Kinter AL, Hardy EC, Poli G, Fauci AS. Modulation of endogenous IL-1
beta and IL-1 receptor antagonist results in opposing effects on HIV expression
in chronically infected monocytic cells. ] Immunol 1996;156:3501-8.

Please cite this article in press as: Fichorova RN et al. Baseline variation and associations between subject characteristics and five cytokine biomarkers of
vaginal safety among healthy non-pregnant women in microbicide trials. Cytokine (2011), doi:10.1016/j.cyt0.2011.03.016



http://www.unaids.org
http://www.data.unaids.org
http://www.data.unaids.org
http://dx.doi.org/10.1016/j.cyto.2011.03.016

R.N. Fichorova et al./Cytokine xxx (2011) XxX—Xxx 7

[17] Witkin SS, Linhares IM, Gerber S, Caetano ME, Segurado AC. Interleukin-1
receptor antagonist gene polymorphism and circulating levels of human
immunodeficiency virus type 1 RNA in Brazilian women. ] Virol
2001;75:6242-4.

[18] Fichorova RN, Anderson DJ. Differential expression of immunobiological
mediators by immortalized human cervical and vaginal epithelial cells. Biol
Reprod 1999;60:508-14.

[19] Gabay C, Smith MF, Eidlen D, Arend WP. Interleukin 1 receptor antagonist (IL-
1Ra) is an acute-phase protein. ] Clin Invest 1997;99:2930-40.

[20] Mukaida N. Interleukin-8: an expanding universe beyond neutrophil
chemotaxis and activation. Int ] Hematol 2000;72:391-8.

[21] Spear GT, Zariffard MR, Cohen MH, Sha BE. Vaginal IL-8 levels are positively
associated with Candida albicans and inversely with lactobacilli in HIV-infected
women. ] Reprod Immunol 2008;78:76-9.

[22] Narimatsu R, Wolday D, Patterson BK. IL-8 increases transmission of HIV type
1 in cervical explant tissue. AIDS Res Hum Retroviruses 2005;21:228-33.

[23] Al-Harthi L, Kovacs A, Coombs RW, Reichelderfer PS, Wright DJ, Cohen MH,
et al. A menstrual cycle pattern for cytokine levels exists in HIV-positive
women: implication for HIV vaginal and plasma shedding. AIDS
2001;15:1535-43.

[24] Gumbi PP, Nkwanyana NN, Bere A, Burgers WA, Gray CM, Williamson A-L,
et al. Impact of mucosal inflammation on cervical human immunodeficiency
virus (HIV-1)-specific CD8 T-cell responses in the female genital tract during
chronic HIV infection. 2008; 82: 8529-8536.

[25] Cone RA, Hoen T, Wong X, Abusuwwa R, Anderson D], Moench TR. Vaginal
microbicides: detecting toxicities in vivo that paradoxically increase pathogen
transmission. BMC Infect Dis 2006;6:90.

[26] D'Cruz O], Uckun FM. Preclinical evaluation of a dual-acting microbicidal
prodrug WHI-07 in combination with vanadocene dithiocarbamate in the
female reproductive tract of rabbit, pig, and cat. Toxicol Pathol
2007;35:910-27.

[27] Galen BT, Martin AP, Hazrati E, Garin A, Guzman E, Wilson SS, et al. A
comprehensive murine model to evaluate topical vaginal microbicides:
mucosal inflammation and susceptibility to genital herpes as surrogate
markers of safety. ] Infect Dis 2007;195:1332-9.

[28] Petricevic L, Unger FM, Viernstein H, Kiss H. Randomized, double-blind,
placebo-controlled study of oral lactobacilli to improve the vaginal flora of
postmenopausal women. Eur ] Obstet Gynecol Reprod Biol 2008;141:54-7.

[29] Van Damme L, Ramjee G, Alary M, Vuylsteke B, Chandeying V, Rees H, et al.
Effectiveness of COL-1492, a nonoxynol-9 vaginal gel, on HIV-1 transmission
in female sex workers: a randomised controlled trial. Lancet 2002;360:971-7.

[30] Anton G, Rid ], Mylonas [, Friese K, Weissenbacher ER. Evidence of a TH1-shift
of local vaginal inflammatory response during bacterial vaginosis. Infection
2008;36:147-52.

[31] Bollen LJ, Blanchard K, Kilmarx PH, Chaikummao S, Connolly C, Wasinrapee P,
et al. No increase in cervicovaginal proinflammatory cytokines after
Carraguard use in a placebo-controlled randomized clinical trial. ] Acquir
Immune Defic Syndr 2008;47:253-7.

[32] Schwartz JL, Mauck C, Lai J], Creinin MD, Brache V, Ballagh SA, et al. Fourteen-
day safety and acceptability study of 6% cellulose sulfate gel: a randomized
double-blind Phase I safety study. Contraception 2006;74:133-40.

[33] Cummins Jr JE, Doncel GF. Biomarkers of cervicovaginal inflammation for the
assessment of microbicide safety. Sex Transm Dis 2009;36:584-91.

[34] Fichorova RN, Richardson-Harman N, Alfano M, Belec L, Carbonneil C, Chen S,
et al. Biological and technical variables affecting immunoassay recovery of
cytokines from human serum and simulated vaginal fluid: a multicenter study.
Anal Chem 2008;80:4741-51.

[35] Cauci S, Guaschino S, De Aloysio D, Driussi S, De Santo D, Penacchioni P, et al.
Interrelationships of interleukin-8 with interleukin-1beta and neutrophils in
vaginal fluid of healthy and bacterial vaginosis positive women. Mol Hum
Reprod 2003;9:53-8.

[36] Keller MJ, Guzman E, Hazrati E, Kasowitz A, Cheshenko N, Wallenstein S, et al.
Elicits a decline in genital tract immune mediators without compromising
intrinsic antimicrobial activity. AIDS 2000;2007(21):467-76.

[37] Belec L, Gherardi R, Payan C, Prazuck T, Malkin JE, Tevi-Benissan C, et al.
Proinflammatory cytokine expression in cervicovaginal secretions of normal
and HIV-infected women. Cytokine 1995;7:568-74.

[38] Anderson DJ, Williams DL, Ballagh SA, Barnhart K, Creinin MD, Newman DR,
et al. Safety analysis of the diaphragm in combination with lubricant or
acidifying microbicide gels: effects on markers of inflammation and innate
immunity in cervicovaginal fluid. Am J Reprod Immunol 2009;61:121-9.

[39] Tjiong MY, van der Vange N, ter Schegget JS, Burger MP, ten Kate FW, Out TA.
Cytokines in cervicovaginal washing fluid from patients with cervical
neoplasia. Cytokine 2001;14:357-60.

[40] Schwartz JL, Lai JJ, Creinin M, Bradley L, Thomas M, Mauck C, et al. A
randomized Phase I safety study. In: Microbicides 2006. South Africa: Cape
Town; 2006.

[41] Amsel R, Totten PA, Spiegel CA, Chen KC, Eschenbach D, Holmes KK.
Nonspecific vaginitis. Diagnostic criteria and microbial and epidemiologic
associations. Am ] Med 1983;74:14-22.

[42] Gallo MF, Behets FM, Steiner M], Hobbs MM, Hoke TH, Van Damme K, et al.
Prostate-specific antigen to ascertain reliability of self-reported coital
exposure to semen. Sex Transm Dis 2006;33:476-9.

[43] Haimovici F, Anderson DJ. Detection of semen in cervicovaginal secretions. ]
Acquir Immune Defic Syndr Hum Retrovirol 1995;8:236-8.

[44] Fraser IS, Lahteenmaki P, Elomaa K, Lacarra M, Mishell Jr DR, Alvarez F, et al.
Variations in vaginal epithelial surface appearance determined by colposcopic
inspection in healthy, sexually active women. Hum Reprod 1999;14:1974-8.

[45] Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis is
improved by a standardized method of gram stain interpretation. J Clin
Microbiol 1991;29:297-301.

[46] Myer L, Denny L, Telerant R, Souza M, Wright Jr TC, Kuhn L. Bacterial vaginosis
and susceptibility to HIV infection in South African women: a nested case-
control study. ] Infect Dis 2005;192:1372-80.

[47] van de Wijgert JH, Morrison CS, Brown ], Kwok C, Van Der Pol B, Chipato T,
et al. Disentangling contributions of reproductive tract infections to HIV
acquisition in African Women. Sex Transm Dis 2009;36:357-64.

[48] Genc MR, Witkin SS, Delaney ML, Paraskevas LR, Tuomala RE, Norwitz ER, et al.
A disproportionate increase in IL-1beta over IL-1ra in the cervicovaginal
secretions of pregnant women with altered vaginal microflora correlates with
preterm birth. Am ] Obstet Gynecol 2004;190:1191-7.

[49] Genc MR, Onderdonk AB, Vardhana S, Delaney ML, Norwitz ER, Tuomala RE,
et al. Polymorphism in intron 2 of the interleukin-1 receptor antagonist gene,
local midtrimester cytokine response to vaginal flora, and subsequent preterm
birth. Am ] Obstet Gynecol 2004;191:1324-30.

[50] Fichorova RN, Zhou F, Ratnam V, Atanassova V, Jiang S, Strick N, et al. Anti-
human immunodeficiency virus type 1 microbicide cellulose acetate 1,2-
benzenedicarboxylate in a human in vitro model of vaginal inflammation.
Antimicrob Agents Chemother 2005;49:323-35.

[51] Trifonova RT, Pasicznyk JM, Fichorova RN. Biocompatibility of solid-dosage
forms of anti-human immunodeficiency virus type 1 microbicides with the
human cervicovaginal mucosa modeled ex vivo. Antimicrob Agents
Chemother 2006;50:4005-10.

[52] Van Damme L, Govinden R, Mirembe FM, Guedou F, Solomon S, Becker ML,
et al. Lack of effectiveness of cellulose sulfate gel for the prevention of vaginal
HIV transmission. N Engl ] Med 2008;359:463-72.

[53] Halpern V, Ogunsola F, Obunge O, Wang C-H, Onyejepu N, Oduyebo O, et al.
PLoS ONE 2008;3:e3784.

[54] Mauck CK, Doncel GF. Biomarkers of semen in the vagina: applications in
clinical trials of contraception and prevention of sexually transmitted
pathogens including HIV. Contraception 2007;75:407-19.

[55] McCluggage WG, Ganesan R, Hirschowitz L, Miller K, Rollason TP. Ectopic
prostatic tissue in the uterine cervix and vagina: report of a series with a
detailed immunohistochemical analysis. Am ] Surg Pathol 2006;30:209-15.

[56] Nucci MR, Ferry JA, Young RH. Ectopic prostatic tissue in the uterine cervix: a
report of four cases and review of ectopic prostatic tissue. Am ] Surg Pathol
2000;24:1224-30.

[57] Wallace C, Creager AJ, Cappellari JO, Bergman S. Ectopic prostatic tissue in the
uterine cerrix. Am ] Surg Pathol 2001;25:1215-6.

[58] Gargiulo AR, Fichorova RN, Politch JA, Hill JA, Anderson DJ. Detection of
implantation-related cytokines in cervicovaginal secretions and peripheral
blood of fertile women during ovulatory menstrual cycles. Fertil Steril
2004;82(Suppl. 3):1226-34.

[59] Ryckman KK, Simhan HN, Krohn MA, Williams SM. Cervical cytokine network
patterns during pregnancy: the role of bacterial vaginosis and geographic
ancestry. ] Reprod Immunol 2009;79:174-82.

[60] Ryckman KK, Simhan HN, Krohn MA, Williams SM. Predicting risk of bacterial
vaginosis: the role of race, smoking and corticotropin-releasing hormone-
related genes. Mol Hum Reprod 2009;15:131-7.

[61] Ryckman KK, Williams SM, Krohn MA, Simhan HN. Racial differences in
cervical cytokine concentrations between pregnant women with and without
bacterial vaginosis. ] Reprod Immunol 2008;78:166-71.

[62] Simhan HN, Ryckman KK, Williams SM, Krohn MA. Genetic regulation of
cervical antiinflammatory cytokine concentrations during pregnancy. Am ]
Obstet Gynecol 2008;199: 163 e161-163 e111.

[63] Goepfert AR, Varner M, Ward K, Macpherson C, Klebanoff M, Goldenberg RL,
et al. Differences in inflammatory cytokine and Toll-like receptor genes and
bacterial vaginosis in pregnancy. Am ] Obstet Gynecol 2005;193:1478-85.

[64] Brydon L, Wright CE, O’'Donnell K, Zachary I, Wardle ], Steptoe A. Stress-
induced cytokine responses and central adiposity in young women. Int ] Obes
(London) 2008;32:443-50.

Please cite this article in press as: Fichorova RN et al. Baseline variation and associations between subject characteristics and five cytokine biomarkers of
vaginal safety among healthy non-pregnant women in microbicide trials. Cytokine (2011), doi:10.1016/j.cyto.2011.03.016



http://dx.doi.org/10.1016/j.cyto.2011.03.016

	Baseline variation and associations between subject characteristics and five  cytokine biomarkers of vaginal safety among healthy non-pregnant women  in microbicide trials
	Introduction
	Methods
	Clinical study protocols and population
	Sample collection and processing
	Cytokine measurement
	Statistical analysis

	Results
	Discussion
	Disclosure statement
	Acknowledgments
	References


