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Abstract
This study aimed to elucidate the mechanisms that may lead to an efficient strategy to induce a
suitable host response of the vaginal mucosa upon exposure to intravaginally delivered
exogenous compounds. It was hypothesized that the upregulation of intercellular adhesion
molecule (ICAM)-1 gene expression may reflect the inflammatory response evoked by
exogenous compounds. Major emphasis was placed on ethylenediamine tetraacetic acid
(EDTA) which was added as a synergistic agent to conventional spermicidal agents or anti-
HIV drugs. The levels of ICAM-1 mRNA were examined as a surrogate marker for
inflammatory response in human vaginal epithelial cells upon exposure to EDTA or interleukin
(IL)-1b (i.e. positive control, 25 mM). The effects of estrogen on EDTA-induced ICAM-1
expression were also evaluated for the estrogen involvement in the inflammatory process of the
vaginal mucosa. ICAM-1 expression in human vaginal cells (VK2/E6E7 cells) increased as
EDTA concentration added to human vaginal cell lines increased. The effects of estrogen on
EDTA-induced ICAM-1 expression in human vaginal epithelial cells were estrogen-concentra-
tion dependent; estrogen at lower concentrations (�1�10 nM) did not affect ICAM-1
expression, whereas estrogen at higher concentrations (�100 nM�1 mM) attenuated ICAM-1
expression. The influence of estrogen in ICAM-1 expression suggests the beneficial effects of
estrogen on the regulation of vaginal homeostasis. Identification and quantification of specific
surrogate markers for the inflammatory response evoked by exogenous compounds and their
regulation by estrogen will lead to an efficient strategy against sexually transmitted diseases
including AIDS.
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Introduction

A successful application of a barrier device to patients depends on an accurate

assessment of pharmacological efficacy and biocompatibility. Since inflammation of

the female reproductive tract increases susceptibility to viral pathogens, such as

human immunodeficiency virus (HIV), human papilloma virus (HPV) and other viral

infections (Fichorova et al. 2001a, 2001b, 2004), organ-specific responses to

extracellular stimuli should be thoroughly monitored. An excessive release of

proinflammatory cytokines may alter the mucosal balance between tissue integrity

and the regulation process, leading to enhanced penetration and replication of viral

pathogens (Wagner & Levine 1978, Fichorova et al. 2004, Bowie & Haga 2005).

Because cell toxicity may be associated with transient expression of markers of

immune activation by dying cells, cytotoxicity caused by the intravaginal barrier

system can be assessed by quantifying surrogate markers for immune response.

Intercellular adhesion molecule (ICAM)-1 is a member of the immunoglobulin

supergene family of adhesion proteins that serve as the counter-receptor for leukocyte

function-associated antigen-1. ICAM-1 functions as a stimulatory molecule for

effector cells (Satoh et al. 1994). It was found that protein kinase C-d (PKC-d) and

the p38 mitogen-activated protein (MAP) kinase pathway play an essential role in

thrombin-induced ICAM-1 gene expression of endothelial cells (Rahman et al. 2001).

It was also reported that the nuclear factor-kB signalling cascade, which has been

involved in Ad5-dependent nuclear transcription, affected the long-term activation of

ICAM-1 (De Cesaris et al. 1999, Roebuck & Finnegan 1999, Vielma et al. 2003).

ICAM-1 expression has been demonstrated in the immortalized human vaginal

epithelial cell line model (Fichorova et al. 1999, 2001a). ICAM-1 expression in

human bone or fibroblasts seemed to be pathological status-dependent and correlated

with interleukin (IL)-6 and prostaglandin (PG) E2 production (Maldonado et al.

2003, Beddy et al. 2004, Lavigne et al. 2004). These previous results have led to the

hypothesis that the upregulation of ICAM-1 gene expression may reflect inflammatory

response evoked by exogenous compounds including microbicides.

Since ethylenediamine tetraacetic acid (EDTA) was added as a synergistic agent to

conventional spermicides or anti-HIV drugs, its effects on mucosal biocompatibility

have been examined previously (Lee et al. 1996, Warrier et al. 2004). The Western

immunoblot and immunohistochemistry studies on the rabbit vaginal mucosa

following exposure to EDTA revealed differential expression and topological

localization of Ca-regulated proteins, such as MAP kinases (ERK, JNK and p38)

along with inducible-type nitric oxide synthetase (iNOS) and p53 (Choe et al. 2004).

The results of this study indicated that EDTA activated MAP kinases in the vaginal

mucosa through the modulation of the calcium gradient. It was known that the

transcriptional factor MAP kinase signalling cascade affected the long-term activation

of ICAM-1. Subsequently, in the present study, ICAM-1 was used as a surro-

gate marker for inflammatory response of the vaginal mucosa evoked by EDTA

(�0�3.5%).

Estrogen has been effective in attenuating various symptoms including ischaemic

heart disease, osteoporosis, reduction in cognitive function and macular degeneration,

and provides a significant improvement in quality of women’s lives. Before

menopause, women are relatively protected against various diseases including vaginal

dryness and cardiovascular complications through hormone regulation (Schneider

2002). Serum levels of ICAM-1 were inversely correlated with estrogen levels in
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women and studies have shown that postmenopausal women treated with hormone

replacement therapy (HRT) or estrogen alone had reduced ICAM-1 and vascular cell

adhesion molecule (VCAM)-1 serum levels compared with untreated postmenopausal

women (Colacurci et al. 2003). Moreover, it was reported that some women remained

HIV uninfected despite having repeated intercourses with HIV-positive partners

(Brewer et al. 2003), which has led to the investigation on factors associated with

abnormalities in HIV progression and transmission among the discordant couples.

Therefore, the effects of estrogen on the expression of ICAM-1 in the vaginal cells

were evaluated to present evidence for abnormalities involved with penetration and

replication of viral pathogens. The linkages between estrogen at various concentra-

tions and inflammatory response caused by exogenous compounds were further

established.

The aim of this study was to elucidate the mechanism that may lead to an efficient

strategy to induce a suitable host response of the vaginal mucosa against exogenous

compounds. EDTA was tested as a candidate exogenous compound at its higher

concentrations (�3.5%) which may occur due to the burst release from intravaginal

formulations or accumulation at local sites. We evaluated the levels of ICAM-1 mRNA

as a surrogate marker for inflammatory response of human vaginal epithelial cells upon

exposure to EDTA (�0�3.5%) or IL-1b (i.e. positive control, 25 mM). Cyclooxygenase

(COX)-2, whose immune response is estrogen-concentration dependent (Egan

et al. 2005), was added as a comparative marker for exogenous compound-induced

immune response. It was subsequently determined whether or not estrogen effects on

ICAM-1 expression were estrogen-concentration dependent (�1 nM�1 mM).

Materials and methods

The model cell lines

It was previously demonstrated that cell lines of human immune and epithelial origin

can be used as appropriate surrogates for primary cells in investigating the effects of

exogenous compounds on cell metabolism, membrane composition and integrity, and

the effects of cell type, proliferation and differentiation on microbicide sensitivity

(Krebs et al. 2002, Guseva et al. 2005). Normal vaginal epithelial cell line, VK2/E6E7

(CRL-11882 (ATCC)), was used in this study. The major characteristics of VK2/

E6E7 and HeLa cell lines (both from ATCC, Manassas, VA, USA) and their

comparison with the vaginal tissues are described in Table I. HeLa cell line, which is a

well-established and easily available human cervical adenocarcinoma cell line, is also

included in Table I for comparison purposes.

Identification of the estrogen receptor in vaginal cell lines

Because estrogen receptors (ER) regulate genes involved in tissue growth and

differentiation (Scobie et al. 2002), any correlations between expressions of ERa
and ICAM-1 levels may delineate the role of estrogen in the inflammatory response of

the vaginal mucosa. ER in the vaginal cell lines were identified to demonstrate that the

selected model cell line was suitable for delineating the effects of estrogen on the

inflammatory response of the vaginal mucosa. ERa were identified from the protein

expression profiles of VK2/E6E7 cell lines using antibody PA1-309 (Santa Cruz

Biotechnology, Santa Cruz, CA, USA) through Western blot analysis. Antibody
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immunizing peptide corresponds to amino acid residues 21�32 from human ERa (Hu

et al. 2005).

Effects of estrogen on cell viability of the vaginal cell lines

Cell viability has been an integral part of the assessment process of materials designed

to be implanted into host tissues (Kirkpatrick et al. 1998) or intended for

antiestrogenic agents (Varma & Conrad 2002). The cell viability was evaluated based

on the principle of E-screen technique, which compares the number of cells in the ER-

positive cell line following a long-term incubation period in the presence or absence of

estrogenic substances in medium (Zachareswki 1997). Cell Titer 96 AQueous assay

kit (Promega, Madison, WI, USA) was used to measure the viability of VK2/E6E7 by

quantifying formazan, a coloured product, which is converted from MTT by NADPH

or NADH in metabolically active cells (Pauwels et al. 1988, Berridge & Tan 1993).

Briefly, VK2/E6E7 were harvested at 70% confluence and about 2�106 cells per

well were seeded in a 96-well plate loaded with keratinized serum-free medium (K-

SFM; Gibco, Carlsbad, CA, USA) containing bovine pituitary extract (BPE)

(50 mg ml�1), human recombinant epidermal growth factor (EGF) (0.1 ng ml�1),

CaCl2 (0.4 mM), penicillin (100 U ml�1) and streptomycin (100 mg ml�1). They

were incubated at 378C under 5% CO2 and 95% humidity. After 24 h, the medium in

the wells was replaced with the testing medium containing EDTA (�0.035�3.5%) or

17b-estradiol (�1 nM�1 mM, Sigma, St Louis, MO, USA), which were chosen based

on the criteria previously reported (Wiese et al. 1992, Nagira et al. 2006). Estrogen

vehicles at the concentrations of 1, 10, and 100 and 1000 nM were prepared from a

stock solution (10 mM estradiol in 100% ethanol). The maximal concentration of the

estrogen vehicle (1000 nM) contains the maximal ethanol concentration of 0.01%

(upon 1:10000 dilution from a stock solution of 100% ethanol) which did not affect

ICAM-1/COX-2 expression or cell viability.

EDTA was prepared with the cell culture medium and 17b-estradiol was diluted

with the cell culture medium from a stock solution (dissolved in 100% ethanol). The

drug-free cell culture medium was used as the control. In the experiments with 17b-

estradiol and EDTA, the plate was incubated at 378C for 24 h and then the medium in

the wells was replaced with 100 ml of the medium containing 20 ml of the Cell Titer

Table I. Characteristics of cervicovaginal cell lines.

Name HeLa VK2/E6E7 Vaginal tissue

Type Human cervical

adenocarcinoma

Human vagina (epithelial)

Growth media Minimum essential medium

FBS

Keratinocyte-SFM EGF,

BPE and CaCl2
Tight junctions � � �
Involucrin � � �
Estrogen receptor b a and b a and b
Cytokins 19 � � �
Cytokins 10,13,16 � � �
Cytokins 8,18 � � �
Secretory protein � � �

Data from Fichorova et al. 1997, 1999, 2001a, 2001b, Bodnar et al. 1983, Bootman 1996, Elkeeb et al.

2003, Pivarcsi et al. 2005.
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96 AQueous assay solution. The wells loaded with the drug-free medium were used as

the background. The plate was incubated at 378C/5% CO2 for 4 h and the absorbance

of the formazan products was read using a spectrofluorimeter reader at 485 nm.

Identification and quantification of ICAM-1 in the vaginal cell lines

The changes in expression of specific proteins or enzyme activities have been used to

elucidate the effects of estrogenic substances on the concentration-dependent immune

response. ICAM-1 was selected as a biomarker for the inflammatory response of the

vaginal mucosa evoked by exogenous compounds including EDTA. As previously

described, VK2/E6E7 cells were cultured in a 24-well tissue culture plate at a density of

2�106 cells per well. When cells reached the confluence, the initial medium was

replaced with K-SFM containing EDTA (0, 0.035, 0.1 and 0.35%) or IL-1b (25 mM

used as a positive control). After 6 h treatment, endothelial ICAM-1 expression was

analyzed using reverse transcriptase�polymerase chain reaction (RT-PCR) and Western

blot analyses. The period of 6 h was selected based on the optimal wearing time of a

barrier device. Genes for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were

used as the internal control. Primers for the ICAM-1 gene were 5?-CCT GTT TCC

TGC CTC TGA AG-3? (sense) and 5?-GTC TGC TGA GAC CCC TCT TG-3?
(antisense), and those for the GAPDH gene were 5?-CCA TGG AGA AGG CTG GG-

3? (sense) and 5?-CAA AGT TGT CAT GGA TGA CC-3? (antisense).

Effects of estrogen on ICAM-1 expression in the cell line mode

The expression levels of ICAM-1 in the vagina epithelial cells upon exposure to

various concentrations of estradiol have been examined to elucidate dose-dependent

effects of estrogenic compounds on the cell response. COX-2 was also examined for

comparison purposes, as its immune response was reported to be estrogen-

concentration dependent.

VK2/E6E7 cells were cultured in a 24-well tissue culture plate at a density of 2�106

cells per well as previously described. Cells were seeded on the 100 mm Petri dishes in

the density of 1 million per dish. Estradiol solutions (�1 nM�1 mM) and IL-1b
(25 mM, the positive control) were prepared in K-SFM. When cells reached the

confluence, the initial medium was replaced with K-SFM containing estradiol in the

mixture with EDTA (0.1%) or IL-1b (25 mM). After 6 h treatment, RT-PCR and

Western blot studies were performed on the samples to examine the changes in the

expression level of ICAM-1.

Western blot/RT-PCR studies

For the Western blot study, proteins were separated by SDS-PAGE and transferred to

a nitrocellulose membrane. ICAM-1 antibody, COX-2 antibody, b-actin antibody and

HRP-conjugated antirabbit IgG (Cell Signaling Technology, Beverly, MA, USA) were

used for the Western blot analysis. The blots were drained and exposed to Pierce blue

film. Each staining was quantified based on the optical density of each peak, which

was calculated as a ratio against the highest peak (Densitometric Analysis).

For the RT-PCR study, total RNA was prepared from cells using Trizol reagent.

Single-strand cDNA were made from 1 mg total RNA by reverse transcription using

a random primer. PCR was performed with ICAM-1 and COX-2 primer through
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35 cycles of 948C for 30 s, 558C for 1 min, and 728C for 1 min. The PCR products

were separated using electrophoresis on agarose gel in the presence of ethidium

bromide. The RT-PCR study was carried out according to the standard protocol using

the Reverse Transcription Kit (Protégé Inc, Madison, WI, USA) and DNA Thermal

cycle (Midwest Scientific, St Louis, MO, USA). GAPDH was used as a reference.

The gel was exposed to UV and pictures were taken using the digital camera.

Statistical analysis

The differences in protein expression and changes in cell viability under various

experimental conditions were statistically analyzed by a one-way analysis of variance

(ANOVA) with pairwise multiple comparisons using the Student�Newman�Keuls

method. P-values 50.05 were considered to be statistically significant.

Results

Identification of the estrogen receptor in the vaginal cell lines

Of special interest among EDTA-extracted proteins is the one with the molecular

weight of 66 kDa, which was identified as ERa through the Western blot analysis. The

results of Western blot analysis revealed that there were differences in the intensity of

protein bands between the control and EDTA-treated samples (Figure 1). The

expression of ERa steadily increased as the exposed estrogen concentration to VK2/

E6E7 cells increased. The results of this study confirmed the presence of ER (66 kDa)

in the vaginal cell line model (i.e. VK2/E6E7 cells), warranting further studies on the

linkage between the ER-mediated inflammatory regulation and EDTA-induced

ICAM-1 expression.

Cell viability assays

The cell viability assay was performed to determine whether or not EDTA or estrogen

affects the cell proliferation rate. As shown in Figure 2,17b-estradiol maintains cell

    Kdal   M        0        0       10     100  1000    Estrogen (nM) 
100

 54 

 38 

 29 

ERα (66 kDa) 

   1       2       3       4        5       6

          EDTA 0.1%

Figure 1. Expression of estrogen receptor a (66 kDa) in vaginal cell lines (VK2/E6E7). Lane 1, molecular

weight marker; lane 2, control; lane 3, 0.1% EDTA; lane 4, 0.1% EDTA�10 nM estradiol; lane 5, 0.1%

EDTA�100 nM estradiol; lane 6, 0.1% EDTA�1000 nM estradiol. The second lane is b-actin (45 KDa).
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viability at all tested concentrations (�1 nM�1 mM). Ethanol concentration in the

estrogen vehicles (the maximal concentration of 0.01% on 1:10 000 dilution from a

stock solution of 100% ethanol) did not affect cell viability.

EDTA at a concentration of 0.035% did not affect the VK2/E6E7 cell viability,

whereas EDTA at concentrations of 0.1% and 0.35% reduced the percentage amount

of viable cells by about 30% and 60%, respectively. The results of these studies

indicate that exogenous compounds such as EDTA affect the cell viability, and thus, a

proper selection of the loading dose in the system is essential for the safe and efficient

application of intravaginal drug carriers.

The percentage amount of viable cells was further determined upon exposure to

EDTA (0.1%) in the presence of 17b-estradiol. There were no attenuation or

deterioration effects of estrogen at concentrations of 1�10 nM on the cell viability

evoked by EDTA (Figure 2). However, estradiol at higher concentrations (100 nM

and 1000 nM) significantly protected the cell viability. The results of this study

confirmed that estrogen at higher concentrations (�100 nM) has beneficial effects on

cell viability.

Effects of EDTA on ICAM-1 expression

The level of ICAM-1 expression was used as a biomarker for immune response of the

vaginal mucosa potentially evoked by exogenous compounds loaded in the intrava-

ginal formulation. As shown in Figures 3 and 4, RT-PCR and Western blot studies

revealed that mRNA expression of ICAM-1 in VK2/E6E7 cells were stimulated by

EDTA in a concentration-dependent manner, whereas COX-2 (74 kDa) was not

significantly overexpressed by EDTA until its concentration reached at 0.35%. As

shown in Figure 4, while the 92 kDa protein of ICAM-1 (upper band) was not

expressed differentially, the 89 kDa protein of ICAM-1 (lower band) was gradually

induced by EDTA treatment. The 89-kDa fragment of ICAM-1 was not distinctively

recognized by the antibody probably due to the lack of specificity for this fragment.

The optical density of each peak obtained by densitometric analysis (Choe et al. 2004)

also confirmed that immune reactivity of ICAM-1 gradually increased as the EDTA

concentration increased (Figure 4). As dose-dependent effects of estrogen appeared

more prominent on the expression of ICAM-1 than that of COX-2, ICAM-1 seems to

Figure 2. Effects of estrogen and EDTA on vaginal cell viability. Cells are exposed to estrogen or EDTA for

6 h (n�6; the number of experiments). The bars represent means and error bars represent SD.

*Concentration of ethanol in the sample of 1000 nM estradiol. **pB0.05 versus control.
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be a suitable marker in vaginal epithelial cells for the evaluation of the inflammatory

response evoked by exogenous compounds loaded in the intravaginal barrier devices.

Effects of estrogen on ICAM-1 expression

The effects of externally added estrogen on ICAM-1 expression in the vaginal

epithelial cells were evaluated to demonstrate the involvement of estrogen in the

inflammatory process. Estrogen concentrations ranging from 1 nM to 1 mM were

tested to determine whether or not there were concentration-dependent effects of

estrogen on ICAM-1 expression.

As shown in Figures 5 and 6, ICAM-1 expressions in VK2/E6E7 cells upon

exposure to the mixture solution of EDTA (0.1%) and estradiol (1 nM) or estradiol

(10 nM) remained constant, whereas ICAM-1 expressions upon exposure to the same

concentration of EDTA (0.1%) in the presence of estradiol (100 nM or 1000 nM)

were significantly reduced. These results confirmed that ICAM-1 expressions in the

vaginal epithelial cells upon exposure to higher concentrations of estrogen were

ICAM-1

GAPDH 

COX-2

(+) (-)
EDTA

Figure 3. RT-PCR results of ICAM-1 and COX-2. Each lane was reverse transcribed from 2 mg of total

RNA. EDTA treatments were 0%, 0.035%, 0.1%, 0.35%, and (�) indicates positive control treated with

25 mM IL-1b.

β-actin

β-actin

COX-2

ICAM-1

(+) (-) EDTA

Figure 4. Western blot analysis of ICAM-1 and COX-2 expressions. Each lane was loaded with 10 mg of

total protein. Left, while the 92 kDa protein of ICAM-1 (upper band) was not expressed differentially, the

89 kDa protein of ICAM-1 (lower band) was gradually induced by EDTA treatment. EDTA treatments

were 0%, 0.035%, 0.1%, 0.35% and (�) indicates positive control treated with 25 mM IL-1b. Right, optical

density of ICAM expressions quantified by densitometer (n�3; the number of experiments).

264 H. Youn et al.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



lowered or attenuated. This finding is in good accord with the previous cell viability

tests, in which estrogen at the same concentration either did not affect (1 nM and

10 nM) or protected (1000 nM) cell viability. This finding is also paralleled with the

previous results on the profiles of ERa expression in which estrogen maintained the

level of ERa at a normal range as compared with the lowered level caused by EDTA.

The results of this study clearly demonstrated that estrogen-attenuated inflammatory

response caused by EDTA in the vaginal epithelial cells and estrogen’s effects on

ICAM-1 expression were estrogen-concentration dependent.

Discussion

This study focused on the host response of the vaginal mucosa against intravaginally

delivered exogenous compounds and its regulation by estrogen. Recent progress in

biotechnology and proteomics made it possible to concomitantly examine the status of

pharmacological activities and host response upon exposure to the exogenous

compounds.

Upregulation of ICAM-1 gene expression evoked by exogenous compounds was

shown in the very initial phase of infection (Ledebur & Park 1995). ICAM-1 expression

has been demonstrated at mostly endothelial cells. It was reported that the vaginal cell

line VK2/E6E7 responds to infection with Neisseria by upregulation of distinct

proinflammatory cytokines as well as ICAM-1 (Fichorova et al. 2001a). In cultured

ICAM-1

COX-2

GAPDH 

  1       2       3      4      5       6       7      8       9     10     11 

 Ctr     0       1     10    100 1000     0       1      10    100  1000    Estrogen (nM) 

                    EDTA 0.1 %                         IL-β  25 mM 

Figure 5. RT-PCR results of ICAM-1 and COX-2 upon exposure to EDTA (0.1%) or estrogen (1�1000 nM)

for 6 h. The expression of ICAM decreased as the exposed estrogen concentration increased.

ICAM-1

COX-2

GAPDH 

    1      2       3      4        5        6       7      8       9      10     11 

 Ctr     0       1      10    100  1000     0       1     10    100  1000    Estrogen (nM) 

                    EDTA 0.1 %                        IL-β  25 mM

Figure 6. Western blot analysis of ICAM-1 and COX-2 upon exposure to EDTA (0.1%) or estrogen

(1�1000 nM) for 6 h.
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human umbilical vein endothelial cells (HUVECs), tumour necrosis factor-a and

lipopolysaccharide increased phosphorylation of p38 MAPK (P-p38 MAPK) and

ICAM-1 expression (Ju et al. 2003). ICAM-1 was expressed on apical membrane of

both colonocytes and HT29 cells in response to supraphysiological cytokine concen-

trations (Vainer et al. 2003). Significant increases in both protein and mRNA levels of

ICAM-1 gene expression in primary cultured human nasal epithelial cells (HNECs)

after stimulation by glucocorticosteroids were also observed (Shirasaki et al. 2004).

ICAM-1, vascular adhesion protein-1 (VAP-1) and P-selectin were expressed on the

vaginal mucosa (Johansson et al. 1999). Soluble ICAM-1 was detected in the

cervicovaginal fluid of women in preterm labour, in which elevated sICAM-1

concentrations predicted short intervals to delivery with high specificity (Marvin

et al. 2000).

The previous reports along with the finding that ICAM-1 was expressed on

endothelium cells and recently also on epithelial cells (Cheeti et al. 2006) warranted

further investigation on the effects of exogenous compounds on the early signalling

events in relation to the upregulation of the inflammatory adhesion molecule (i.e.

ICAM-1). The results of the present study support the hypothesis that the

upregulation of ICAM-1 in the vaginal epithelial cells is affected by intravaginally

exposable exogenous compounds. Subsequent studies in animal models and human

volunteers will be needed to confirm these results under in vivo conditions.

The effects of sex hormones on the host response of the vaginal mucosa were further

evaluated by examining ICAM-1 expression in the human vaginal cells upon exposure

to the mixture of EDTA and estrogen. The presence of ERa in the model cell lines and

its regulation by estrogen warranted investigation on immune response of the vaginal

cells against exogenous compounds. ER is a large super family of ligand-dependent

intracellular proteins that stimulate transcription of specific genes by binding to specific

DNA sequences following activation by the appropriate hormone (Metivier et al. 2004).

The ER complex can mediate the activation of oncogenes, proto-oncogenes, nuclear

proteins and other target genes that can be involved in the transformation of normal to

cancerous cells. ER has been classified into two distinct isoforms, a and b. ERa is known

to interact with several known co-activators in a ligand-dependent and -independent

manner to enhance transcriptional activity of target genes (Scobie et al. 2002). The

functional interplay between different domains of ERa is responsible for the overall

properties of the full-length protein. The corresponding genes for the ERa and b are

NR3A1 and NR3A2, respectively (Ji et al. 2005).

Estrogen profoundly affects the onset and severity of various immune-mediated

inflammatory processes (Bowden et al. 2006). A variety of studies showed that the

effects of estrogen on ICAM-1 or COX-2 were exposure-site specific and estrogen-

concentration dependent. VCAM-1 levels were significantly higher in transdermal

HRT users than in fertile women (Farzati et al. 2002). On the other hand, studies have

shown that postmenopausal women treated with the chronic oral route of HRT or

estrogen alone had reduced ICAM-1 and VCAM-1 serum levels as compared with

untreated postmenopausal women and that the serum levels of ICAM-1 were

inversely correlated with the estrogen levels (Colacurci et al. 2003). 17b-Estradiol

enhanced insulin-induced tyrosine phosphorylation of insulin receptor substrate-1

(IRS-1), IRS-1/p85 association and 2-deoxyglucose uptake at 10�8 M, but lowered

these activities at 10�5 M, indicating that estradiol affects the metabolic action of

insulin in a concentration-dependent manner (Nagira et al. 2006).
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COX-2 is added as a comparative marker, which may surrogately reflect EDTA- or

exogenous compound-induced immune response. COX-2, expressed in vascular

endothelial cells, catalyzes the formation of prostaglandin endoperoxide from

arachidonic acid, which subsequently is transformed to PGI2 (prostacyclin), a major

arachidonic acid-derived COX product in endothelial cells. Selective COX-2

inhibitors impeded the excretion of PGI2 metabolites (Korita et al. 2004)

and reduced oxidant stress and platelet activation that contribute to atherogenesis

in female mice (Egan et al. 2005). These mechanisms seem to be relevant to estrogen-

involved protection in women since estrogen increases the expression of COX-2 in

vascular tissues and promotes in vitro production of PGI2 (Shah 2005). Judging from

the results in which the expressions of ICAM-1 were more prominently EDTA-

concentration specific than those of COX-2, ICAM-1 appeared to be a better

surrogate marker for the inflammatory response of vaginal cells.

In drug-induced autoimmunity, estrogen-dependent regulation in the expression of

the surrogate marker was directly associated with increased inflammatory severity

(Gillgrass et al. 2005). The present study also revealed that estrogen attenuated

vaginal inflammatory responses and abrogated EDTA-mediated effects on the

expression of ICAM-1. The involved mechanisms in which inflammatory suppression

may be mediated through proinflammatory mediators need further investigation. The

results of these studies should be of great importance with respect to the potential

beneficial effects of estrogen on the inflammatory response of the vaginal epithelial

cells caused by exogenous compounds. Subsequently, the optimal concentration of

estrogen needed to protect women against exogenous compound-induced inflamma-

tion should be identified to establish the most efficient strategy against sexually

transmitted disease, including AIDS.

References

Beddy DJ, Watson WR, Fitzpatrick JM, O’Connell PR. 2004. Critical involvement of stress-activated

mitogen-activated protein kinases in the regulation of intracellular adhesion molecule-1 in serosal

fibroblasts isolated from patients with Crohn’s disease. Journal of the American College of Surgery

199:234�242.

Berridge MV, Tan AS. 1993. Characterization of the cellular reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT): subcellular localization, substrate dependence, and involvement of

mitochondrial electron transport in MTT reduction. Archives of Biochemistry & Biophysics 303:474�
482.

Bodnar JW, Jones CJ, Coombs DH, Pearson GD, Ward DC. 1983. Proteins tightly bound to HeLa cell

DNA at nuclear matrix attachment sites. Molecular & Cell Biology 3):1567�1579.

Bootman MD. 1996. Hormone-evoked subcellular Ca2� signals in HeLa cells. Cell Calcium 20:97�104.

Bowden DW, Lohman K, Hsu FC, Langefeld CD, Carr JJ, Lenchik L, Wagenknecht LE, Freedman BI,

Herrington DM. 2006. Hormone replacement therapy is associated with increased C-reactive protein in

women with Type 2 diabetes in the Diabetes Heart Study. Diabetes Medicine 23:763�767.

Bowie AG, Haga IR. 2005. The role of Toll-like receptors in the host response to viruses. Molecular

Immunology 42:859�867.

Brewer DD, Brody S, Drucker E, Gisselquist D, Minkin SF, Potterat JJ, Rothenberg RB, Vachon F. 2003.

Mounting anomalies in the epidemiology of HIV in Africa: cry the beloved paradigm. International

Journal of STD & AIDS 14:144�147.

Cheeti S, Warrier BK, Lee CH. 2006. The role of monocarboxylate transporters in uptake of lactic acid in

HeLa cells. International Journal of Pharmaceutics 325:48�54.

Choe ES, Warrier B, Soo Chun J, Cheol Park J, Lee CH. 2004. EDTA-induced activation of Ca-regulated

proteins in the vaginal mucosa. Journal of Biomedical Materials Research. Part A 68:159�167.

ICAM-1 expression in vaginal cells as potential biomarker for inflammatory response 267

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Colacurci N, Manzella D, Fornaro F, Carbonella M, Paolisso G. 2003. Endothelial function and

menopause: effects of raloxifene administration. Journal of Clinical Endocrinology & Metabolism

88:2135�140.

De Cesaris P, Starace D, Starace G, Filippini A, Stefanini M, Ziparo E. 1999. Activation of Jun N-terminal

kinase/stress-activated protein kinase pathway by tumor necrosis factor alpha leads to intercellular

adhesion molecule-1 expression. Journal of Biological Chemistry 274:28978�28982.

Egan KM, Lawson JA, Fries S. 2005. COX-2-derived prostacyclin confers atheroprotection on female mice.

Perspectives in Vascular Surgery and Endovascular Therapy 17:269�270.

Elkeeb R, Zdanowicz M, Belmonte A. 2003. Evaluation of reconstituted human vaginal epithelium as a

model for drug delivery of fluconazole gel for treating vulvovaginal candidiasis. Presented at The

American Association of Pharmaceutical Scientists (AAPS) Annual Meeting and Exposition in Salt Lake

City, UT, USA. Poster # 312.

Farzati A, Esposito K, Colacurci N, Fornaro F, Chiantera V, Farzati B. 2002. Effects of transdermal

hormone replacement therapy on levels of soluble P- and E-selectin in postmenopausal healthy women.

Fertility & Sterility 77:476�480.

Fichorova RN, Rheinwald JG, Anderson DJ. 1997. Generation of papillomavirus-immortalized cell lines

from normal human ectocervical, endocervical, and vaginal epithelium that maintain expression of tissue-

specific differentiation proteins. Biology of Reproduction 57:847�855.

Fichorova RN, Anderson DJ. 1999. Differential expression of immunobiological mediators by immortalized

human cervical and vaginal epithelial cells. Biology of Reproduction 60:508�514.

Fichorova RN, Desai PJ, Gibson FC 3rd, Genco CA. 2001a. Distinct proinflammatory host responses to

Neisseria gonorrhoeae infection in immortalized human cervical and vaginal epithelial cells. Infection &

Immunity 69:5840�5848.

Fichorova RN, Tucker LD, Anderson DJ. 2001b. The molecular basis of nonoxynol-9-induced vaginal

inflammation and its possible relevance to human immunodeficiency virus type 1 transmission. Journal of

Infectious Disease 184:418�428.

Fichorova RN, Bajpai M, Chandra N, Hsiu JG, Spangler M, Ratnam V, Doncel GF. 2004. Interleukin (IL)-

1, IL-6, and IL-8 predict mucosal toxicity of vaginal microbicidal contraceptives. Biology of

Reproduction 71:761�769.

Gillgrass AE, Fernandez SA, Rosenthal KL, Kaushic C. 2005. Estradiol regulates susceptibility following

primary exposure to genital herpes simplex virus type 2, while progesterone induces inflammation.

Journal of Virology 79:3107�3116.

Guseva NV, Dessus-Babus SC, Whittimore JD, Moore CG, Wyrick PB. 2005. Characterization of estrogen-

responsive epithelial cell lines and their infectivity by genital Chlamydia trachomatis. Microbes &

Infection 7:1469�1481.

Hu S, Lu SF, Kaplan JR, Adams MR, Simon NG. 2005. ERbeta protein expression in female cynomolgus

monkey and CF-1 mouse brain: Western analysis. Journal of Neurobiology 64:298�309.

Ji Q, Liu PI, Elshimali Y, Stolz A. 2005. Frequent loss of estrogen and progesterone receptors in human

prostatic tumors determined by quantitative real-time PCR. Molecular & Cellular Endocrinology

229:103�110.

Johansson EL, Rudin A, Wassen L, Holmgren J. 1999. Distribution of lymphocytes and adhesion molecules

in human cervix and vagina. Immunology 96:272�277.

Ju H, Behm DJ, Nerurkar S, Eybye ME, Haimbach RE, Olzinski AR, Douglas SA, Willette RN. 2003. p38

MAPK inhibitors ameliorate target organ damage in hypertension: Part 1. p38 MAPK-dependent

endothelial dysfunction and hypertension. Journal of Pharmacology & Experimental Therapeutics

307:932�938.

Kirkpatrick CJ, Bittinger F, Wagner M, Kohler H, van Kooten TG, Klein CL, Otto M. 1998. Current

trends in biocompatibility testing. Proceedings of the Institute of Mechanical Engineering [H] 212:75�
84.

Korita D, Itoh H, Sagawa N, Yura S, Yoshida M, Kakui K, Takemura M, Fujii S. 2004. 17beta-estradiol up-

regulates prostacyclin production in cultured human uterine myometrial cells via augmentation of both

cyclooxygenase-1 and prostacyclin synthase expression. Journal of the Society for Gynecologic

Investigation 11:457�464.

Krebs FC, Miller SR, Catalone BJ, Fichorova R, Anderson D, Malamud D, Howett MK, Wigdahl B. 2002.

Comparative in vitro sensitivities of human immune cell lines, vaginal and cervical epithelial cell lines,

and primary cells to candidate microbicides nonoxynol 9, C31G, and sodium dodecyl sulfate.

Antimicrobial Agents & Chemotherapy 46:2292�2298.

268 H. Youn et al.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Lavigne P, Benderdour M, Lajeunesse D, Shi Q, Fernandes JC. 2004. Expression of ICAM-1 by osteoblasts

in healthy individuals and in patients suffering from osteoarthritis and osteoporosis. Bone 35:463�470.

Ledebur HC, Park TP. 1995. Transcriptional regulation of the intercellular adhesion molecule-1 gene by

inflammatory cytokines in human endothelial cells. Essential roles of a variant NF-kappa B site and p65

homodimers. Journal of Biological Chemistry 270:933�943.

Lee CH, Anderson M, Chien YW. 1996. Characterization of in vitro spermicidal effect of chelating agent

against human sperm. Journal of Pharmaceutical Science 85:649�654.

Maldonado M, Baybis M, Newman D, Kolson DL, Chen W, McKhann G 2nd, Gutmann DH, Crino PB.

2003. Expression of ICAM-1, TNF-alpha, NF kappa B, and MAP kinase in tubers of the tuberous

sclerosis complex. Neurobiology of Disease 14:279�290.

Marvin KW, Keelan JA, Coleman MA, McCowan LM, Zhou RL, Mitchell MD. 2000. Intercellular

adhesion molecule-1 (ICAM-1) in cervicovaginal fluid of women presenting with preterm labor:

predictive value for preterm delivery. American Journal of Reproductive Immunology 43:264�271.

Metivier R, Penot G, Carmouche RP, Hubner MR, Reid G, Denger S, Manu D, Brand H, Kos M, Benes V,

Gannon F. 2004. Transcriptional complexes engaged by apo-estrogen receptor-alpha isoforms have

divergent outcomes. EMBO Journal 23:3653�666.

Nagira K, Sasaoka T, Wada T, Fukui K, Ikubo M, Hori S, Tsuneki H, Saito S, Kobayashi M. 2006. Altered

subcellular distribution of estrogen receptor alpha is implicated in estradiol-induced dual regulation of

insulin signaling in 3T3-L1 adipocytes. Endocrinology 147:1020�1028.

Pauwels R, Balzarini J, Baba M, Snoeck R, Schols D, Herdewijn P, Desmyter J, De Clercq E. 1988. Rapid

and automated tetrazolium-based colorimetric assay for the detection of anti-HIV compounds. Journal of

Virological Methods 20:309�321.

Pivarcsi A, Nagy I, Koreck A, Kis K, Kenderessy-Szabo A, Szell M, Dobozy A, Kemeny L. 2005. Microbial

compounds induce the expression of pro-inflammatory cytokines, chemokines and human beta-defensin-

2 in vaginal epithelial cells. Microbes & Infection/Institut Pasteur 7:1117-1127.

Rahman A, Anwar KN, Uddin S, Xu N, Ye RD, Platanias LC, Malik AB. 2001. Protein kinase C-delta

regulates thrombin-induced ICAM-1 gene expression in endothelial cells via activation of p38 mitogen-

activated protein kinase. Molecular & Cellular Biology 21:5554�5565.

Roebuck KA, Finnegan A. 1999. Regulation of intercellular adhesion molecule-1 (CD54) gene expression.

Journal of Leukocyte Biology 66:876�888.

Satoh S, Nüssler AK, Liu ZZ, Thomson AW. 1994. Proinflammatory cytokines and endotoxin stimulate

ICAM-1 gene expression and secretion by normal human hepatocytes. Immunology 82:571�576.

Schneider HP. 2002. The view of The International Menopause Society on the Women’s Health Initiative.

Climacteric 5:211�216.

Scobie GA, Macpherson S, Millar MR, Groome NP, Romana PG, Saunders PT. 2002. Human estrogen

receptors: differential expression of ER alpha and beta and the identification of ER beta variants. Steroids

67:985�992.

Shah BH. 2005. Estrogen stimulation of COX-2-derived PGI2 confers atheroprotection. Trends in

Endocrinology & Metabolism 16:199�201.

Shirasaki H, Watanabe K, Kanaizumi E, Sato J, Konno N, Narita S, Himi T. 2004. Effect of

glucocorticosteroids on tumour necrosis factor-alpha-induced intercellular adhesion molecule-1 expres-

sion in cultured primary human nasal epithelial cells. Clinical & Experimental Allergy 34:945�951.

Vainer B, Sorensen S, Seidelin J, Nielsen OH, Horn T. 2003. Expression of ICAM-1 in colon epithelial cells:

an ultrastructural study performed on in vivo and in vitro models. Virchows Archiv 443:774�781.

Varma H, Conrad SE. 2002. Antiestrogen ICI 182,780 decreases proliferation of insulin-like growth factor I

(IGF-I)-treated MCF-7 cells without inhibiting IGF-I signaling. Cancer Research 62:3985�3991.

Vielma SA, Krings G, Lopes-Virella MF. 2003. Chlamydophila pneumoniae induces ICAM-1 expression in

human aortic endothelial cells via protein kinase C-dependent activation of nuclear factor-kappaB.

Circulation Research 92:1130�1137.

Wagner G, Levine RJ. 1978. Vaginal fluids. In: Hafez ESE and Evans TN, editors. The human vagina.

North, NY: Holland Publishing Co. p. 109�120.

Warrier BK, Kostoryz E, Lee CH. 2004. Biocompatibility of components of a female controlled drug

delivery system. Journal of Biomedical & Materials Research. Part A 71:209�216.

Wiese TE, Kral LG, Dennis KE, Butler WB, Brooks SC. 1992. Optimization of estrogen growth response in

MCF-7 cells. In Vitro Cellular & Developmental Biology 28A:595�602.

Zachareswki T. 1997. In Vitro bioassays for assessing estrogenic substances. Environmental Science &

Technology 31:613�623.

ICAM-1 expression in vaginal cells as potential biomarker for inflammatory response 269

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


