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Abstract
This article discusses cytokine patterns as potential biomarkers of vaginal inflammation, which are
needed for the safety evaluation of topical microbicide products for the prevention of sexually
transmitted HIV-1 infection. In order to be effective, the vaginal anti-HIV-1 microbicides should
avoid proinflammatory responses that facilitate transepithelial viral penetration and replication. Pro-
inflammatory and anti-inflammatory cytokines play bi-directional roles in HIV-1 pathogenesis,
transmission, susceptibility and resistance. Previous research has shown that many of these key
mediators of mucosal barrier function (e.g. IL-1, IL-1 receptor antagonist, IL-6, TNF-α, TNF-
receptor II, transforming growth factor β, IL-10, IL-12, IL-8, macrophage inhibitory protein 1, etc.)
can be detected in the vaginal secretions of healthy or infected individuals using non-invasive
sampling techniques. As part of two microbicide trials, we measured IL-1α, IL-1β, IL-1 receptor
antagonist, TNF-α and IL-8 in 291 cervicovaginal lavage samples obtained before product use and
at the seventh and 14th day after product use. We showed that vaginal formulations, temperature and
matrix-specific factors in the vaginal fluids may interfere with cytokine detection, and therefore
specific protocols must be validated for various collection procedures and cytokine assays. Our
results suggest that combined patterns of cytokine dynamics rather than individual measurements
might distinguish proinflammatory product-related effects in microbicide safety trials. More research
is needed to establish cytokine mucosal baselines and modulation by genetic factors, sexual
intercourse, menstrual cycle, exercise, hormones, stress and infections before guidelines can be
established for clinical trial enrollment criteria, the prediction of side/adverse events and ultimately
microbicide benefit prognostication.
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Inflammatory Biomarkers in Drug Discovery: The Boost for Development
Objectively measured surrogate biochemical markers of normal function, pathological
processes or drug response have long been sought to substitute for or complement invasive or
subjective/descriptive clinical endpoints in the process of drug discovery to predict clinical
benefit or harm. A currently accepted classification of biomarkers includes: type 0, disease
markers to diagnose illness and suggest novel therapies; type I, drug effect markers to compare
pre- and post-dosing and drug versus placebo; and type II, drug efficacy markers to compare
responders versus non-responders, both pre- and post-dosing for benefit prognostication,
prediction of side/adverse events, patient stratification, enrollment criteria and label expansion.
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1 Ubiquitous standards and automated detection methods are available for classic blood and
urine type 0 and type I markers of cellular integrity and homeostasis, related to heart, liver,
neuroendocrine, respiratory, circulatory and muscle function. Recent advances in genomics,
proteomics and high throughput analysis techniques have expanded the list and facilitated the
use of type II biomarkers of autoimmunity, allergy, infection, cancer and inflammation.

The current biochemical markers of systemic and mucosal inflammatory disease are
particularly diverse. A better understanding of molecular crosstalk in inflammatory cascades
and the emergence of anticytokine therapies against chronic diseases associated with immune
dysregulation has facilitated the discovery of non-canonical inflammatory markers and
immune response modifiers.2–5 Proposed indices of systemic and mucosal inflammation
include endocrine/metabolic markers (arachidonic acids, nitric oxide, calcitonin precursors,
leptin), neuroendocrine markers (adrenomedulin, monocyte migration inhibitor factor),
cellular markers (heat shock proteins, nuclear factor kappa B, oxygen-free radicals) and
immune system markers (acute phase proteins, cytokines, leukocyte elastase, adhesion
molecules, kinins).6

Although numerous studies have characterized the levels of proinflammatory cytokines in
trauma patients and systemic disease, the cytokine equilibrium at most mucosal surfaces has
not been fully characterized under normal and pathological conditions. The rapid development
of the concept of mucosally applied microbicides for the prevention of HIV-1 infection and
other sexually transmitted disease (STD) has revitalized the field of mucosal immunology and
interest in the genital tract inflammatory paradigm.7–12 This article discusses the use of
inflammatory cytokines as type II biomarkers for the safety evaluation of vaginal anti-HIV-1
microbicides.

Cytokines for Microbicide Safety Evaluation: The Proof-of-Concept
Microbicides for vaginal application are currently regarded as a leading strategy against the
heterosexual spread of HIV-1 and other STDs.7–13 The fact that the healthy mucosal
environment provides an efficient natural barrier against HIV-1 and that these products are
being developed for over-the-counter frequent use by healthy as well as HIV-1-infected
individuals brings to the fore the need for adequate safety evaluation.

The sexual transmission of HIV-1 infection occurs via transepithelial viral penetration.14 It is
intuitively obvious that effective anti-HIV-1 microbicides must preserve the mucosal immune
function and their ability to ‘seal’ the cervicovaginal lumen from the subepithelial space. The
inflammatory cytokine response cannot only erode epithelial continuity, but even in the
absence of excessive lesions can cause macromolecular leaks and the migration of leukocytes
via paracellular pathways lasting as long as 20 h after insult.15 Moreover, proinflammatory
cytokines (e.g. IL-1, TNF-α, IL-6) can directly trigger HIV-1 replication in latently infected
cells and may underlie the increased risk of HIV-1 infection associated with non-ulcerative
inflammatory STDs.16–18 Cytokine activation of latent HIV-1 in mucosal reservoirs may
increase sexual transmission in discordant couples or vertical mother-to-child transmission.
19–22 Clinical and experimental evidence suggests that cytokine dysregulation after the
frequent use of nonoxynol-9-based products may hamper their clinical anti-HIV-1
effectiveness despite potent anti-HIV-1 activity in vitro.10,23 It is thus imperative that anti-
HIV-1 microbicides do not perturb the mucosal cytokine balance.

Various levels of proinflammatory and anti-inflammatory factors are physiologically present
at equilibrium in the vaginal secretions of healthy individuals.10,24,25 As demonstrated by
our nonoxynol-9 studies, vaginal products applied at the margin of cytotoxicity may cause an
excessive release of IL-1 stores from membrane compromised keratinocytes or the direct
activation of proinflammatory pathways that may turn pathogenic if they exceed the
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counterbalancing potential of the natural mucosal anti-inflammatory factors.10 On the other
hand, it can be hypothesized that the transient inflammatory response may facilitate tissue
repair and the adaptive immune function if the cytokine equilibrium is restored while the
microbicide product still exerts its protective anti-HIV-1 action (Figure 1). Appropriate
markers of vaginal inflammation and study designs need to be established that can distinguish
between protective and increased-risk cytokine responses.

The choice of cytokine markers of vaginal inflammation that can be monitored during clinical
trials requires a good understanding of the dynamics of cytokine production at the mucosal
site. Good candidates appear to be TNF-α, IL-1, IL-1 receptor agonist (RA), IL-6 and IL-8,
which have shown a positive correlation with HIV-1 viral load or disease status.12,24,26–28
TNF-α, one of the most powerful primary pro-inflammatory mediators and activators of HIV-1
replication, has a very short half-life (minutes in blood), and its synthesis lasts only a short
time (< 8 h) after initial stimulus.29 However, it may be stabilized by binding to soluble TNF
receptors (TNF-RI, II) that are present in the vaginal secretions and might be increased after
chemical insult.10,30 Clinical studies have shown correlation between TNFRII levels and the
HIV-1 viral load in vaginal fluids.26 The IL-1 family includes several soluble members that
can be found in the vaginal fluids: IL-1α (both precursor and mature forms are active), IL-1β
(mature form), a signal-transducing receptor (IL-1RI) and one decoy receptor (IL-1RII) and
endogenous IL-1RA.10,28,31 The initial burst of IL-1 after chemical insult can be partly
neutralized by the release of preformed endogenous antagonists (IL-1RA and soluble IL-1RII)
and their synthesis is upregulated by IL-1 in autocrine and paracrine fashion to balance the
proinflammatory effect.10,31 Unlike TNF-α and IL-1, the secondary proinflammatory
mediators IL-6 and IL-8 lack the tight self-regulatory feedback mechanism, and can thus
demonstrate long-lasting (72 h) production after initial stimulus.29 Based on these dynamic
patterns we postulate the possibility of lasting proinflammatory cytokine dysregulation in the
microbicide washout period, which may activate latent HIV-1 reservoirs in the absence of
protective microbicide, and thus pose an increased risk of HIV-1 infection and transmission
despite or regardless of the patient's compliance with the product use.

Markers of Vaginal Inflammation and Confounding Variables: The Plausibility
Clinical variables and physiological conditions can modify the effect or confound the
assessment of product-related cytokine dysregulation. Co-morbidity and genital tract infection
can increase significantly the background cytokine ‘noise’ in the cervicovaginal secretions.
Proinflammatory cytokines are abundantly present in the genital secretions of patients with
HIV-1 infection, bacterial vaginosis and vaginitis.24,27,28,32 Furthermore, IL-8 levels in
cervicovaginal lavages (CVLs) correlate with upper genital tract infections.33 More studies
are needed to elucidate the impact of asymptomatic infection or chronic illness such as diabetes
mellitus or other autoimmune diseases on the cytokine balance of genital tract mucosae.

More research is also needed to address the effect of endogenous and exogenous hormones
that can affect cytokine production and stability in the cervicovaginal compartment. Variations
of proinflammatory and anti-inflammatory cytokines (IL-1β, IL-6, IL-8, regulated upon
activation: normal T cell expressed/secreted, macrophage-inflammatory protein 1α and 1β,
transforming growth factor beta, IL-4, IL-10) in the cervical mucus or vaginal secretions have
been reported by a few studies utilizing cytobrush or CVL collection at defined stages of the
menstrual cycle of healthy subjects and HIV-1-infected individuals, as well as in cervical
mucus during pregnancy and oral contraceptive use.26,34–36 A comparison of the cervical
wick and CVL techniques showed a better reproducibility of cytokine results obtained with
the CVL technique.37 It should be recognized that most of these studies include small numbers
of subjects and different methodologies, which impairs the establishment of criteria for
homeostatic cytokine values in healthy individuals.
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The immunomodulatory impact of sexual intercourse and contact with semen constituents has
been suggested by human in vitro and animal studies. Despite the extremely high anti-
inflammatory properties of semen, epithelial cells elicit physiological proinflammatory
cytokine responses upon contact with semen constituents, which are thought to be beneficial
for the endometrial receptivity to embryo implantation.38 In vitro experiments have shown
that human seminal plasma can induce an increase in the IL-10 : IL-12 ratio, which may
interfere with natural killer and cytotoxic T lymphocyte responses to viral infection.39

Other factors that may contribute to the interindividual variation of baseline cytokine values
include the genotype of the responder, age, exercise, stress, and circadian cycle. Several
allotypes of human cytokine genes have been described recently that may be related to an
inheritable capacity to produce cytokines under defined conditions.40,41 Increased plasma
levels of IL-1β, IL-1RA, TNF-α, TNF-Rs, IL-8 and IL-10 and especially IL-6 have been
associated with aging and strenuous exercise.42,43 Interestingly, highly trained individuals
express higher baseline (pre-exercise) circulating IL-1 levels.42 Cytokine expression in the
local cervicovaginal pool may vary with age and sexual maturation.44 On the other hand,
monkey studies have shown that menopausal cytokine dysregulation may not be corrected by
hormone replacement therapy, reinforcing the aging hypothesis.45 Stress and the circadian
cycle have been associated with variations in cytokine expression by epithelial and immune
cells and concentrations in various body fluids.46–48

The complexity of the cytokine network in the dynamic mucosal environment requires the
establishment of clinically validated criteria for the separation of product-related changes from
individual background levels.

Validation of Assays: Technical Caveats
A variety of methods and commercial assays are currently available for the quantitation of
cytokines in body fluids, cellular exudates and biopsy specimens. These include bioassays and
enzyme-linked immunosorbent assays (ELISAs) for soluble mediators, flow cytometry,
enzyme-linked immunospot assays, and immunocytochemistry for detecting cytokines in the
context of cell phenotype and tissue architecture, in-situ hybridization for cytokine messenger
RNA in cells and tissues, and the microarray chip technologies for the simultaneous detection
of hundreds of drug-induced genes (toxicogenomics) or proteins (proteomics).2,47,49 The
choice of assays for the measurement of cytokines in body fluids is determined by the
specificity, sensitivity and dynamic range, reproducibility, precision and utility of the assay.
A number of pre- and post-sampling factors may interfere with cytokine detection and obscure
data interpretation. Most commercial ELISAs are standardized for comparisons against World
Health Organization accepted cytokine standards.50

Commercially available ELISAs often account for cytokine precursors, endogenous cytokine
‘trapping’ molecules such as a2-macroglobulin, autoantibodies, soluble receptors (sIL-1RII,
TNFRI and II, IL6R), crossreactivity with competing cytokine subunits (IL-12p40).
Polymorphism has been extensively studied for some proinflammatory cytokines (IL-1β, IL-
RA, IL-6 and macrophage colony-stimulating factor), but has to be more adequately addressed
by commercial assays.51

Sample processing on ice, the quick separation of fluid from cellular components, the use of
low protein binding and endotoxin-free containers and tubing, and storage at a low temperature
can be crucial to avoid false negative findings (cytokine degradation or binding to polymer or
membrane receptors) or false positive results (cellular production and release after sampling).
52 Matrix-specific factors such as hemoglobin, albumin, mucus, and pH may also interfere
with the cytokine detection procedure.53
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Although commercially available cytokine assays have been validated for serum, plasma
(citrate, heparin, EDTA) and urine, and some have been qualified for amniotic fluid, sputum
and bronchial lavage, most of the manufacturers do not provide information for genital tract
fluids such as seminal plasma and vaginal lavage. Moreover, the presence of vaginal
formulations in the lavage specimens obtained in microbicide clinical trials poses an additional
confounding variable specific to this field (Figure 2).

Some Experience from Microbicide Clinical Trials: Pattern Interpretation
We established ELISA protocols and tested over a period of several months 291 CVL samples
obtained from two CONRAD-funded microbicide studies. Volunteers for these studies applied
either microbicide or control product intravaginally twice a day for 14 intermenstrual days.
Lavage samples were obtained in 10 cc saline during three visits: visit 2 before product use;
visit 3 and visit 4 at the seventh and 14th day of product use, respectively. Because the following
results are presented before data analysis and study personnel unmasking, the treatment group
and control group data are pooled.

We established detailed protocols and quality control procedures for the measurement of
IL-1α, IL-1β, IL-8, IL-1RA and TNF-α in the CVLs using commercial photometric or
luminescence ELISAs (R&D Systems, Minneapolis, MN, USA, and Endogen-Pierce,
Rockford, IL, USA), a Multilabel Microplate Counter Victor 2 (Perkin Elmer Life Sciences,
Boston, MA, USA) and WorkOut Version 1.5 Wallace Software (DAZDAQ Ltd., Ringmer,
East Sussex, UK). The intra-assay and inter-assay coefficients of variation were determined
from duplicate measurements in at least three independent assay runs for each assay. For this
purpose we used standard spiking in pooled CVLs.

We determined the optimal dilutions of CVLs that avoid matrix interference and allow
reproducible measurements within the best-fit detection range. To neutralize the acidic pH of
the CVLs, which interferes with some cytokine detection systems, we recommend the dilution
of samples at least two times with the assay's sample or calibrator diluent (usually protein/
serum base with preservatives which may contain 0.01% Thimerosal). For IL-8 quantitation
in 10 cc CVLs we recommend a screening dilution of 10× and for IL-1RA – 100× (Figure 3).
Higher dilutions (40× and, respectively, 400×) are applied to samples showing cytokine values
at the top of the assay's dynamic range.

Using our quality control procedure and taking the dilution factors into consideration we
established the following cut-off levels for highly reproducibly quantifiable cytokine levels in
human CVLs (10 cc saline): IL-1α 20 pg/ml; IL-1β 10 pg/ml; IL-8 256 pg/ml; IL-1RA 4690
pg/ml; TNF-α 22 pg/ml. These values are close to experimentally established ED50s for these
cytokines. Lower concentrations can be measurable in high sensitivity assays; however, the
coefficient of variation for duplicate measurements is usually greater than 30%, and the
biological significance of such levels is questionable.

To establish the stability of endogenous cytokines detectable in the saline CVLs we pooled
CVLs collected before product use and measured cytokine levels by ELISA after different
lengths of exposure to various temperature conditions. The results from four independent
experiments with different CVL pools showed that IL1α, IL-1β, IL-8 and IL-1RA were stable
for 2 h at temperatures as high as 37°C and that most of them were stable at 4°C for up to 24
h, suggesting that CVLs for cytokine monitoring could be collected in field conditions or low
resource clinical settings (Figure 4).

Our results confirmed the expected considerable variation of cytokine concentrations at
baseline, especially for IL-8 and IL-1RA (Figure 5). The subject stratification based on sexual
abstinence, however, showed significantly higher values and baseline ranges in the sexually
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active cohorts as compared with sexually abstinent cohorts (Figure 6). The cytokine profiling
of subjects before and after product use revealed three major patterns, each of them
underscoring some important caveats of interpretation.

In the most common pattern, all five cytokines detected in the CVL samples post treatment
(visits 3 and 4) were within the range of normal baseline variation for the sexually abstinent
or sexually active cohorts, and showed no significant difference from the pre-dosing cytokine
background for the individual subject. As interference with the cytokine detection assay was
ruled out for the products tested in this study, a conclusion can be made that this pattern is
associated with a lack of product effects on the cytokine equilibrium.

The second pattern is illustrated by the case of a sexually active healthy volunteer (Figure 7).
The CVL collected at baseline (pre-treatment visit 2) showed traces of blood. At the same time,
the baseline sample showed markedly increased cytokine levels. Whereas the IL-1RA and IL-8
values were consistent with the baseline values observed in the sexually active cohort, the
higher IL-1α and IL-1β levels could be explained with the presence of blood in this sample.

The third cytokine pattern is illustrated by the case of a sexually abstinent woman (Figure 8).
In this case, IL-1α and IL-8 were progressively increased at visits 3 and 4 compared with the
baseline visit 2, with the baseline values being within the normal variation for sexually abstinent
cohorts (Figure 8). If no other cytokines had been measured in these CVLs, a product-initiated
inflammatory response would have been suspected in this woman. However, the evaluation of
the early response inflammatory mediators IL-1β and IL-RA demonstrates a marked increase
of both cytokines at baseline (Figure 8), which is significantly higher than the normal range
for the sexually abstinent cohorts. These findings reverse the interpretation pattern, suggesting
the presence of an inflammatory background condition before product use (most likely
asymptomatic as the subject was enrolled in the study). The cytokine data interpretation in the
context of the complete clinical analysis may provide further clues as to whether the dynamics
of this cytokine profile have been exacerbated by product use.

Conclusion
The monitoring of vaginal proinflammatory cytokines during clinical trials using standardized
techniques and interpretation tools can provide valuable information about the mechanism of
action of vaginal products and accelerate the bench-to-bedside transition of safe and efficacious
anti-HIV-1 microbicides. More research is needed to establish the range of homeostatic
cytokine values in cervicovaginal secretions under different physiological and pathological
conditions.
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FIGURE 1.
The net effect of anti-HIV-1 microbicide products depends on the balance between the
proinflammatory and anti-inflammatory host factors and the effective anti-HIV-1 dose. The
magnitude, balance and timing of cytokine release should be targeted for clinical detection and
prognostication.
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FIGURE 2.
Examples of the recovery of cytokine standards spiked in 4% solutions of three microbicide
gel formulations and two control formulations. One of the five formulations showed severe
interference with commercial cytokine enzyme-linked immunosorbent assay kits represented
by photometric Quantikine IL-1β and chemiluminescence QuantiGlo IL-8 kits available
through R&D Systems.
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FIGURE 3.
Cytokine detection in human cervicovaginal lavages at different sample dilutions. (a) The assay
dynamic range and cervicovaginal lavage (CVL) matrix require a 100× screening dilution; (b)
CVL matrix interference requires a 10× dilution with assay diluent. The upper panel represents
the average of duplicate measurements in baseline CVLs (no drug exposure). The lower panel
represents the mean and SD of the same samples.
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FIGURE 4.
The recovery of endogenous cytokines from pooled cervicovaginal lavages collected at
baseline. The results represent the mean and SEM from duplicate measurements from two
independent experiments for each cytokine. Cervicovaginal lavage pools were divided into
five equal portions. One portion (control) was frozen immediately at −70°C. One portion was
subjected to repeated freeze–thaw cycles, and the remaining three portions were incubated at
4°C, room temperature or 37°C for 2, 6 and 24 h. Cytokine concentrations were measured by
Endogen IL-8 and IL-1α and by R&D Systems QuantiGlo IL-1β and Quantikine IL-1RA. *P
< 0.05; **P < 0.001.
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FIGURE 5.
Baseline cytokine variability in human cervicovaginal lavages collected from healthy
volunteers (n = 90) in CONRAD-sponsored clinical trials. Each dot represents the average of
duplicate measurements of individual cervicovaginal lavage samples.
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FIGURE 6.
Baseline IL-8 and IL-1RA values are significantly elevated in the cervicovaginal lavages of
sexually active versus sexually abstinent women (n = 90).
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FIGURE 7.
Case interpretation: concentrations of cytokines in cervicovaginal lavage samples obtained
from a sexually active healthy volunteer. Bars represent means ± SD of duplicate cytokine
measurements by enzyme-linked immunosorbent assay. The solid line represents the average
baseline cytokine level obtained for sexually active women (n = 34), participating in two
CONRAD-funded microbicide safety studies. The dashed line represents the mean plus 2 SD
for these cohorts.

Fichorova Page 16

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 February 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 8.
Case interpretation: dynamic of cytokine concentrations in cervicovaginal lavages obtained
from a sexually abstinent woman before microbicide product use (visit 2) and after microbicide
product use (visits 2 and 3). Bars represent means ± SD of duplicate cytokine measurements
by enzyme-linked immunosorbent assay. The solid line represents the average baseline
cytokine level obtained for sexually abstinent women (n = 56), participating in two CONRAD-
funded microbicide safety studies. The dashed line represents the mean plus 2 SD for these
cohorts.
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