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ABSTRACT

Bacterial vaginosis (BV) is a polymicrobial clinical entity characterized by the lack of
inflammatory cells. However, in cervicovaginal fluids of women with BV, alterations in
inflammatory cytokine levels have been reported which has not been directly attributed to
infection by Gardnerella vaginalis (main etiological agent). To which, the aim of this study
was investigated the role of G. vaginalis in the innate immune response modulation. Hela
cells were infected with G. vaginalis ATCC 14018 with a Multiplicity of infection (MOI) 1
and 20 for 2 and 4 h. Cell viability was analyzed by trypan blue exclusion assays, also
inflammatory cytokines concentration, Toll-like receptor-4 (TLR4) membrane abundance
and apoptosis induction was assessed by flow cytometry. We observed that G. vaginalis
infection induced apoptosis (2.6-folds) in the 42% of the infected cells, increased
inflammatory cytokines levels (IL-1p, IL-6, I1L-10, TNF-a and IL-12p70) and TLR4
membrane abundance (2-folds). Our study provides evidence about the innate immune
response of HelLa cells against G. vaginalis infection under low and high MOI, which could

provide new insight for the role of this bacterium modeling the local inflammation.

Keywords: Bacterial vaginosis, Gardnerella vaginalis, innate immune response,

inflammation.



INTRODUCTION

Bacterial vaginosis (BV) is a clinical entity characterized by the replacement of the normal
microbiota composed by lactobacilli, as a consequence of facultative anaerobic
microorganism's overgrowth (1). The most affected group are reproductive aged women,
which has been associated with gynecological and obstetric diseases such as endometritis
and premature births (2,3). Several etiological agents are related with this condition, among
them: Prevotella spp., Bacteroides spp., Peptostreptococcus spp., Atopobium vaginae.,
Mobiluncus spp., and Gardnerella vaginalis, the latter considered the main etiological agent,
since it's isolated in up to 90% of cases (4).

G. vaginalis is facultative anaerobic, small Gram-variable rods from 0.5 to 1.5 um length,
does not possess flagella, endospores or typical capsules, but it has fimbriae that cover the
cell surface (5,6). This bacterium is classified into 8 different biotypes and at least 4
genotypes (7,8). Present a high pathogenic potential, due to the large number of virulence
factors: 1) biofilm formation that confers resistance to the host immune response and
treatment to antibiotics (9); 2) vaginolysin (VLY) production, a protein that lyses erythrocyte
and epithelial cells (10); 3) the production of substances that modulate the immune response,
such as succinate, that inhibits neutrophils and monocytes chemotaxis (11,12), and enzymes
such as prolidase, carboxylase and sialidase, that degrade the cervical mucus promoting
micro-abrasions increasing the susceptibility to acquire infections by other microorganisms

(13-16).

At immunological level, BV is characterized by the lack of cells from the inflammatory

response, despite the fact that the genital tract is massively colonized (17). Previous reports



have shown high levels of proinflammatory cytokines such as IL-1a, IL-1B, IL-6 and a
decrease of IL-8 in the cervicovaginal fluids of women with BV (18). Additionally, it has
been reported that G. vaginalis induces a significant increase in the secretion of
proinflammatory cytokines (IL-1p, IL-18, and TNF-a) and cellular death (19). Inflammatory
cytokine secretion is regulated by signals through the recognition of bacterial ligands by Toll-
like receptors (TLRs). The TLRs are present in several types of cells in the genital tract,
where they recognize a wide variety of bacterial compounds that include lipopolysaccharide
(LPS), peptidoglycan, heat shock proteins (HSP), etc., evoking an inflammatory response for

microorganism's elimination (20).

On the other hand, although BV is typically distinguished by the scare presence of cells in
the inflammatory response, an increased level of pro and anti-inflammatory proteins as well
as TLRs expression have been found in the cervicovaginal fluids of women with BV, that
suggest an active innate immune response against the abnormal microbial colonization.
However, it has not been shown that observed changes are specifically modulated by G.

vaginalis, which was the main objective of this work.

MATERIALS AND METHODS

Gardnerella vaginalis culture and growth kinetics

Gardnerella vaginalis ATCC 14018 was cultured anaerobically at 37 °C with 5% of CO, for
24 h in Trypticasein Soy Agar (TSA) (Becton, Dickinson and Company, Sparks MD, USA).
To establish the growth kinetics of G. vaginalis, a bacterial colony was inoculated into 5 mL
of thioglycollate and brain heart infusion broth (BHI) (Becton, Dickinson and Company,

Sparks MD, USA), and incubated at 37 °C with 5% of CO> at 180 rpm, overnight. Further,



optical density (OD), was adjusted to 0.2 (equivalent to 15 x 10 ® CFU/mL) and finally, 5 mL
of both broths were inoculated with 1 mL. Bacterial growth was monitored at 1, 2, 3, 4, 5, 6,
8, 10, 12 and 24 h. Lectures were measured at 595 nm in a spectrophotometer (Bio Rad
iMark). Broth without inoculation was used as negative control.

HeLa cell culture

HelLa cells (derived from a woman with cervical adenocarcinoma and HPV 18 infection)
were grown on Petri dishes (Corning-Costar) in growth medium that was mixture of DMEM
medium/F-12 (DMEM/F-12K) (Sigma) supplemented with 10% Fetal Bovine Serum (FBS,
Sigma), 100 U/mL penicillin, 100 pg/mL streptomycin (Gibco) and 1 pg/mL amphotericin
B (Invitrogen). HelLa cells were grown in 5% COatmosphere at 37 °C, before infection with
G. vaginalis, cells were cultured in serum-free medium without antibiotics for 24 h.

HeL a cells viability post-infection with Gardnerella vaginalis

Cellular viability was tested using the trypan blue exclusion assay. Briefly, 30,000 cells were
incubated in DMEM medium (DMEM/F12K, Sigma) without FBS and antibiotics for 24 h
at 37 °C in 24-well plates (Corning-Costar). The cells were infected during 2, 4 and 6 h, with
the following multiplicities of infection (MOI); 1:1 and 20:1 bacterium per cell (15 x 10°
CFU/mL) in 5 % of CO- at 37 °C. Then the cells were harvested by trypsinization and 10 pL
of the cell suspension was mixed with 10 uL of trypan blue (0.4 %). Dead and viable cells

were counted using a hematocytometer in an inverted microscope (Primo Vert, Zeiss). Cells

cell counting _

were counted wusing the following formula: .

w X 10,000 = X X

dilution factor =y x 2, considering cells without infection as the 100% of viability.



Apoptosis

The apoptosis rate was determined using Annexin V and 7AAD according to the
manufacturer's instructions (Annexin V, Alexa Fluor 488 conjugate, Invitrogen) in a BD
Accuri™ C6 flow cytometer (BD Biosciences). The data were analyzed using the Flowjo
v10.4 software (TreeStar, Inc.) and a total of 10,000 events were collected. Actinomycin D
(Sigma, 80 ng/mL) was used as positive control.

Flow cytometry analysis of inflammatory cytokines

Before inflammatory cytokines levels evaluation, around 60,000 cells per/well were cultured
to a confluence of 80 % on 24-well plates (Corning-Costar) and infected as described above.
The inflammatory cytokines concentrations were determined using the commercial kit
Human Inflammatory Cytokines (IL-8, IL-1p, IL-6, IL-10, TNF-a and IL-12p70), Becton
Dickinson cytometric Bead Array (CBA) (BD Biosciences Cat # 551811) in a BD Accuri™
C6 flow cytometer (BD Biosciences) according to the manufacturer's instructions. CBA
analysis was carried out using FCAP software (Becton-Dickinson).

Membrane abundance of TLR4

For TLR4 receptor membrane abundance (MA), 30,000 cells per/well were cultured at 80%
confluence on 24 well plates (Corning-Costar) and infected as described above. Then the
cells were detached with trypsin (5 mg/mL, Sigma), and the cell pellet was recovered by
centrifugation (2500 rpm, 10 min, 4 °C), and washed two times with 100 pL of cold-PBS
(pH 7.4). Cells were blocked during 30 min at 4 °C with horse serum (5 % in PBS, Pierce)
and recovered by centrifugation. Furthermore, the cells were incubated with the primary
antibody anti-TLR4 (sc-293072: Santa Cruz Biotechnology) diluted 1:100 in Phosphate

Buffered Saline (PBS) containing 0.1% BSA (Bovine Serum Albumin) for 2 h at 4 °C with



shaking. Subsequently, the cells were incubated with an anti-rabbit IgG-Fab 2-PE conjugate
as secondary antibody (1:50, Molecular Probes) for 1 h at 4 °C. The samples were analyzed
in a BD Accuri™ C6 flow cytometer with the BD Accuri C6 software, and 10,000 events
were collected and analyzed. HeLa cells stimulated with LPS (1 pg/mL, Sigma) for 24 h
were used as positive control, while cells incubated only with the secondary as negative
control.

Statistical analysis

Data were obtained from two independent experiments performed by triplicate, and were
compared using the analysis of variance (ANOVA) in GraphPad Prism software (version 7,
USA). Results are reported as means + standard error (SE), and a p value <0.05 was

considerate as positive.

RESULTS

Growth of Gardnerella vaginalis

In order to establish the infection model, first G. vaginalis strain was growth in thioglycollate
and BHI. We observed similar growth behavior in both broths, the logarithmic phase starts
from time 0 to 2 h while the stationary phase from 3 to 12 h. However, in thioglycolate broth
an OD greater than 0.2 was not observed (Fig. 1 panel A). Further, we performed trypan blue
exclusion assay to confirm the effect of bacterium infection over the cellular viability, at 2,
4 and 6 h post-infection with MOI 1 only 25% of cells died. While in MOI 20, after 2 h post-
infection 30% of cells were death, 50% at 4 h and around the 90% at 6 h (Fig. 1 panels B
and C). Finally, we decided to perform future experiments using only 2 and 4 h post-infection

at MOI 1 and 20.
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Figure 1. The infection with Gardnerella vaginalis ATCC 14018 affects HelLa cells
viability. A) Growth curve of G. vaginalis. Bacterium was growth in thioglycollate and BHI
broth at 37°C and 180 rpm. Cellular concentration was determined by OD at 595 nm. B)
Trypan blue exclusion assay in HeLa cells infected with MOI 1 and MOI 20. In of all the
experiment each point represents the mean and standard errors of two independent
experiments performed by triplicates. (*) indicates significant p value changes (p <0.05)
compared to control cells (untreated cells). C) Graphic representation of cell morphology
after infection with G. vaginalis ATCC 14018 (2, 4 and 6 h) MOI 1 and 20 (15 x 10°

CFU/mL). PI (Post-infection).



Gardnerella vaginalis causes apoptosis in HeLa cells.

Cells viability test showed that after infection with G. vaginalis around the 50 % of HelLa
cells were dead, for this reason we studied the possible death mechanism. In the apoptosis
induction assay, we observed 2.6 times greater apoptosis induction at 4 h post-infection with
G. vaginalis at MOI 20, while in the cells infected during 2 h MOI 1 and 20 and 4 h MOI 1

no apoptosis was detected (Fig. 2 panel A and B).
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Figure 2. Gardnerella vaginalis induces apoptosis in HeLa cells. Hela cells were infected
with G. vaginalis ATCC 14018 during 2 and 4 h. The apoptotic rate was determinated by
flow cytometry using Annexin V/7AAD staining. The quadrants indicate viable cells (lower
left quadrant), early apoptosis (lower right quadrant), late apoptosis (upper right quadrant)
and necrotic cells (upper left quadrant). B) Relative fluorescence for each time of infection
(relative units). Act-D (80 pl/ml) was used as a positive control. Each bar shows the mean +
error_standard of two independent experiments performed in triplicates. (*) indicates
significant p value changes (p <0.05) compared to control cells (untreated cells). P (Post-

infection).

Gardnerella vaginalis induces inflammatory cytokines expression

Considering the established infection model, we proceeded to analyzed the effect of G.
vaginalis infection on the secretion of inflammatory cytokines such as; TNF-a, I1L-1p, IL-6,
IL-12p70, IL-8 and IL-10 in HeLa cells. We observed a significant expression of IL-12p70
and IL-1p with MOI 1 and 20 at 2 and 4 h, on other hand, a significant production of 1L-8
and IL-10 was observed with MOI 1 (IL-8 p = 0.031/IL-10 p =0.02) only after 4 h post-
infection, however, at MOI 20 after 2 h of incubation, a significant increase was detected
which remained elevated until 4 h (IL-8 p=0.005/0.002-I1L-10 p = 0.03/0.01). Whereas, the
secretion of IL-6 (p =0.02) and TNF-a (p =0.03) increased significantly only after 4 h of

incubation with MOI 20 (Fig. 3).
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Figure 3. Gardnerella vaginalis induces cytokine secretion in HeLa cells. Cells were
infected with G. vaginalis ATCC 14018 (2 and 4 h) with a multiplicity of infection (MOI) 1
and 20 (15 x 10° CFU/mL) and 300 events were collected and quantified. Analyzed cytokine
were; 1L12p70, TNF, IL-10, IL-6, IL-1p and IL-8 by flow cytometry. Each bar shows the
mean + errors standard from two independent experiments each performed in triplicates. (*)
indicates significant p value changes (p<0.05) compared to control cells (untreated cells). PI

(Post-infection).

The TLR4 membrane abundance is induced by Gardnerella vaginalis

The production of anti-inflammatory cytokine is a response to the activation of pattern
recognition receptors (PRR) such as Toll-like receptor (TLRs), for this reason we analyzed
the membranal abundance of TLR4. Results showed that after the infection with MOI 20
during 2 and 4 h membranal abundance of TLR4 increases around 2-folds, while in MOI 1

the increase was 1.5-folds only at 4 h post-infection (Fig. 4).
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Figure 4. The TLR4 membrane abundance (MA) is regulated by the infection with G.
vaginalis ATCC 14018. HelLa cells were challenged with G. vaginalis for 2 and 4 h. The
receptor abundance was evaluated by flow cytometry. The fluorescence intensity was
estimated from 10,000 events. LPS (1pg/ml) was used as a positive control. Each bar shows
the mean + error_standard of two independent experiments performed in triplicates. (*)

indicates significant p value changes (p<0.05) compared to control cells (untreated cells).
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DISCUSSION

Bacterial vaginosis is a vaginal condition in women of reproductive aged, with a prevalence
of 48.6% (21), being Gardnerella vaginalis the main etiologic agent (22). At immunological
level BV is characterized by the lack of inflammatory cells, however, several studies
performed in vaginal and cervicovaginal fluids of women with BV have reported high levels
of inflammatory cytokines, nevertheless the participation of G. vaginalis during the
modulation of the immune response has not been determinated (23).

After the infection with the bacteria, we observed that the cell viability decreased around
50%, probably due to the high pathogenic potential of the strain. It has been reported that G.
vaginalis produces a cytolysin called vaginolysin (VLY) (24), ELISA assays have shown
that the bacterium can produce up to 600 ng/mL of the toxin (25), which lyses epithelial cells
through binding with the human CD59 (hCD59) receptor and cholesterol molecules present
in cell membranes (10), in addition to others hydrolytic enzymes that promote the

degradation by proteases and the female genital tract tissue destruction (26).

We determinated the apoptotic index in the infected cells, and observed that around the 42%
of cells died by early apoptosis, these could be a consequence of VLY production which has
been previously reported that induce IL-8 secretion and MAPK pathway activation triggering
the apoptotic pathway and stress stimuli (27), in order to eliminate the microorganism and

find a balance in the vaginal microenvironment (28).

Additionally, levels of inflammatory cytokines were quantified in the infected cells, and we
observed a significant increased concentration of them (IL-12p70, IL-8, IL-10, TNF-a, IL-6

and IL-1PB) at 4 h post-infection with MOI 20. These changes could be due to genetic
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background (affecting the production of chemokines such as IL-8). Previously, in vitro
models have demonstrated that G. vaginalis induces the production of pro-inflammatory
cytokines (such as IL-1B, IL-8, IL-6, TNF-a) and anti-inflammatory cytokines (such as IL-5
and 1L-10) (29,30). Particularly, the increase of IL-1B could be due to the elimination of the
microorganism's virulence factors by the innate immune system (31), since this cytokine is
crucial against the pathogens, nevertheless high levels can also enhance the acquisition of
others infections (32). Cytokines production could be result of the hydrolytic enzymes
productions such as sialidases and prolidases, that hydrolyze the sialic acid of the
glycoproteins (including IgA immunoglobulin) and can potentially affect the extracellular
matrix components, such as mucin. This mechanism plays an important role in the
modulation of immune factors, in addition to deterioration and obstruction of the adaptive

capacity and innate immune response in women with BV (33).

The production of short chain fatty acids (SCFAS) by the vaginal microbiota modulates the
antimicrobial and immune activity, however this could be countered by the production of
succinate by G. vaginalis which contributes to inhibit neutrophil chemotaxis (34, 35). In
addition, G. vaginalis produces immunomodulatory substances such as prolidase and
sialidases, that induce the inhibition inflammatory cell response (36). These findings suggest
that the transition from normal vaginal microbiota to BV-associated microbiota, could be due
to the production of certain pathogen associated molecular patterns (PAMPS) such as:
Lipopolysaccharide (LPS), heat shock proteins (HSP), etc., and the immune response
mechanism activated by pattern recognition receptors (PRR) between them Toll-like

receptors (TLRs) (37).
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A 42% of membrane abundance of TLR4 was found in the infected cells, which could be a
consequence of the virulence factors that produce G. vaginalis, among them; sialidases,
prolidases and VLY that are enzymes capable to increases adhesion, invasion and destruction
of the cell infected, due to the osmotic imbalance, favoring access to the nutrients and
promoting the remodeling of the extracellular matrix (10, 13, 38), releasing molecules as heat
shock proteins, mainly HSP70, which can activate TLR4 to regulated signaling pathways
such as p38 kinase, extracellular signal-related kinase (ERK), and nuclear factor kappa B
(NF-kB), to secrete inflammatory cytokines, that will modulate the infection (39-41). It has
been shown that high levels of this protein are found in cervicovaginal fluids of women with
BV (42), so could be considered as a ligand for this receptor, however, additional studies
need to be performed in order to demonstrate the specific ligand of TLR4 during the infection

with G. vaginalis.

All of these findings, suggests that the microenvironment created by G. vaginalis
characterized by the elevated vaginal pH, inflammatory cytokines production by TLR4
signaling, apoptosis induction and epithelial cell lysis, can affect to the vaginal and cervical
epithelium, which is associated with squamous metaplasia arrest, epithelium damage,
cervical mucus degradation, which could lead to a vaginal disorder and promote more
susceptibility to acquire sexual transmission infections such as HIV, HPV, between other
(30, 43). Although, it is necessary to carry out further studies, in order to extrapolate this in
vitro model to women with BV. We provide evidence about the role of G. vaginalis during
the infection; its capacity to active inflammatory proteins production and apoptosis induction.

Interest studies to carry on, will be quantify the expression of this cytokines in cytological
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samples of women with and without BV, cell infection with other strains of G. vaginalis, and
the potential role of this bacterium in the development of chronic inflammation, which will
lead to acquiring coinfections that could be a risk factor to exacerbate endometritis, pelvic

inflammatory disease and preterm birth and some type of carcinogenesis (44).

Taken together, our findings show that G. vaginalis could play an essential role in modulating
the innate immune response during BV development. After infection, the bacterium
stimulates the secretion of inflammatory cytokines such as IL-6, IL-8, IL-10, IL-18, IL-12p70
and TNF-a, increase the membrane abundance of Toll-like receptors such as TLR4, and
induce cellular death. Despite the fact that G. vaginalis colonize the vagina tract with other
anaerobes, results shown the high pathogenic potential of the bacteria that along with others
microorganism's virulence factors could lead to several complications in the female genital

tract.
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ANEXO

Expresion de IL-6, IL-10, COX-2 y TLR4 en citologias con y sin lesion escamosa

intraepitelial de bajo grado de cérvix uterino.

La vaginosis bacteriana (VB) es una entidad clinica caracterizada por el reemplazo de la
microbiota vaginal normal, como consecuencia de la colonizacion de microorganismos
anaerobios. Estudios realizados en fluidos vaginales y cervicovaginales de mujeres con VB, han
mostrado alteraciones en la expresion de proteinas inflamatorias, aungue la entidad clinica se
caracteriza por la ausencia de células de la respuesta inmune, sin embargo, no se ha determinado
si es debido al efecto de la infeccion por G. vaginalis al ser el principal agente causal, o al
conjunto de los microorganismos anaerobios asociados (Marconi, et al., 2014). Cabe sefialar,
que esta alteracion en el tracto genital femenino, ha sido asociado con un mayor riesgo de
desarrollar coinfecciones, como infecciones de transmision sexual (Gillet et al., 2011; Audirac-
Chalifour et al., 2016).

MATERIALES Y METODOS

Poblacion de estudio

En este estudio, participaron 116 mujeres residentes del estado de Guerrero, México, que
acudieron al servicio de deteccidn oportuna de Cancer Cervicouterino (CaCu) e infeccion por
VPH. El protocolo fue aprobado por el Comité de Etica de la Universidad Auténoma de
Guerrero, y todas las participantes firmaron un consentimiento informado con base a lo
estipulado por la declaracién de Helsinki, 2013. Adicionalmente, se obtuvieron datos clinicos,

demogréficos y sociales por medio de una encuesta.

Toma de muestra

Las muestras fueron tomadas del endo-exocervix con una espatula de Ayre (ectocervix) y con
un citobrush (endocérvix), asegurando la obtencion de material citologico de la zona de
transformacion escamocolumnar. Los extendidos citologicos fueron utilizados para el analisis
citomorfoldgico, usando la tincién convencional de Papanicolaou y la citologia en base liquida-
PREP™ (LPT). El diagnostico citoldgico fue realizado por un citotecnélogo certificado en base
a la clasificacion de Bethesda (Nayar and Wilbur, 2015). Para el diagnostico de VB se

consideraron los criterios de Amsel, que consiste en la evaluacion del pH vaginal >4.5, flujo
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vaginal, prueba de aminas positiva y presencia de células clave (Amsel et al., 1983). Mientras
que, para la identificacion y genotipificacion el VPH-AR se utilizo el kit INNO-Lipa genotyping
Extra (Innogenetics). Tomando en consideracion el diagnostico de VB, el citologico y la
presencia del VPH-AR, las muestras se clasificaron en 6 grupos; 1) Sin LEI/Sin VB/Sin VPH
(n=26), 2) Sin LEI/Sin VB/Con VPH-AR (n=15), 3) Sin LEI/Con VB/Sin VPH (n=15), 4) Sin
LEI/Con VB/Con VPH-AR (n=3), 5) LEIBG-VPH-AR/Sin VB (n=30) y 6) LEIBG-VPH-
AR/Con VB (n=27).

Expresion de IL-6, IL-10, TLR4 y COX-2 por inmunocitoquimica

La expresion de las proteinas en muestras citologicas, se determind por el método
inmunocitoquimico biotina/estreptavidina-peroxidasa, utilizando el sistema de deteccion celular
Cytoscan HRP/DAB (Cell Marque Corporation, Hot Springs, AR, USA). Se utilizaron los
anticuerpos: anti-1L-6 (M-19: sc-1265; 1:100; Santa Cruz Biotechnology, Inc), anti-1L-10 (E-
10:s¢c-8438;1:100; Santa Cruz Biotechnology, Inc), anti-TLR4 (25:5¢-293072;1:100; Santa Cruz
Biotechnology, Inc) y anti-COX-2 (H-62:sc-795;1:100; Santa Cruz Biotechnology, Inc). Las
muestras fueron sometidas a recuperacion antigénica (Immuno DNA Retriever con Declere, Bio
SB Inc., Santa Barbara, CA, USA) por 6 min a 120°C. Se incub6 con el anticuerpo primario
durante 2 h, con biotina 40 min, y estreptavidina 30 min. Finalmente, para evidenciar la reaccion
antigeno-anticuerpo, se utilizé como cromégeno diaminobenzidina (DAB) durante 1 min y
hematoxilina de Mayer como colorante de contraste. Una muestra con céncer cervical, que
sobreexpresa estas proteinas, fue utilizada como control positivo, mientras que, como control
negativo se utilizé la misma muestra, omitiendo el anticuerpo primario. Para la interpretacion
de los resultados obtenidos se evalud la intensidad de la inmunotincién de acuerdo a las

siguientes categorias; negativo, leve, moderado e intenso (Allred et al., 1998).
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RESULTADOS

Expresion de proteinas inflamatorias y su relacién con la infeccion por Gardnerella
vaginalis

Los resultados de la inmunocitoquimica evidenciaron que en las muestras pertenecientes al
grupo sin infeccion viral pero que estan asociadas a VB (Sin LEI/ Sin VPH/Con VB)
evidenciaron una expresion leve de COX-2 e IL-10. Mientras que, en los grupos con lesién
cervical, asociados (LEIBG-VPH-AR con VB) y no asociados a VB (LEIBG-VPH-AR sin VB)
se observo una expresion intensa de COX-2 e IL-10 en el 100% de las células, sin embargo, en
el caso de IL-6 y TLR4, una expresion leve fue observada en el 100% de las células en los

mismos grupos (Tabla 1).



Tabla 1. Expresion de COX-2, IL-6, IL-10 y TLR4 en citologias cervicales

28

Sin LEI/Sin Sin LEI/Sin Sin LEI/Con Sin LEI/Con LEIBG sin LEIBG valor de
VB/Sin VPH n VB/Con VPH n VB/Sin VPH n VB/Con VB n (%) ConVBn TOTAL
(%) (%) (%) VPH n (%) ° (%) P

Cox-2
Negativo 26 (100) 0(0) 15 (100) 0(0) 0(0) 0(0) 41(35.3)
Leve 0(0) 15 (100) 0(0) 0(0) 0(0) 0(0) 15(12.9) <0.0001
Moderado 0(0) 0(0) 0(0) 3 (100) 0(0) 0(0) 3(2.6) '
Intenso 0(0) 0(0) 0(0) 0(0) 30 (100) 27 (100) 57 (49.1)
Total 26 (100) 15 (100) 15 (100) 3 (100) 30 (100) 27 (100) 116 (100)
I1L-6
Negativo 26(100) 15(100) 15 (100) 3 (100) 0(0) 0(0) 59(50.9)
Leve 0(0) 0(0) 0(0) 0(0) 30(100) 27(100) 57(49.1) <0.0001
Moderado 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) '
Intenso 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Total 26(100) 15(100) 15(100) 3(100) 30(100) 27(100) 116(100)
IL-10
Negativo 26(100) 0(0) 0(0) 0(0) 0(0) 0(0) 26 (22.4)
Leve 0(0) 15(100) 15(100) 0(0) 0(0) 0(0) 30(25.9) <0.0001
Moderado 0(0) 0(0) 0(0) 3(100) 0(0) 0(0) 3(2.6)
Intenso 0(0) 0(0) 0(0) 0(0) 30(100) 27(100) 57(49.1)
Total 26(100) 15(100) 15(100) 3(100) 30(100) 27(100) 116(100)
TLR4
Negativo 26 (100) 15(100) 15(100) 3(100) 0(0) 0(0) 59(50.9)
Leve 0(0) 0(0) 0(0) 0(0) 30(100) 27(100) 57(49.1) <0.0001
Moderado 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) '
Intenso 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Total 26(100) 15(100) 15(100) 3(100) 30(100) 27(100) 116(100)

Los datos son reportados en n'y (%). Valor de p: Xi?
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Figura 1. Determinacion de la expresion de TLR4, Cox-2, IL-6 e 1L-10 en muestras citolégicas. 1) Control;
Citologia con Cancer Cervicouterino (CaCu), 2) Citologia Sin LEI/Sin VB/Sin VPH, 3) Citologia Sin LEI/Sin
VB/Con VPH, 4) Citologia Sin LEI/Con VB/Sin VPH, 5) Citologia Sin LEI/Con VB/Con VPH, 6) Citologia con
LEIBG/ Sin VB, y 7) Citologia con LEIBG/Con VB. Técnica: Inmunocitoquimica. Aumento 40X en microscopio
optico.
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DISCUSION

Gardnerella vaginalis es el principal agente etiologico aislado en mujeres con VB, debido a su
alto potencial patogénico, causa microabrasiones y alteraciones en el balance inmunoldgico
(Platz-Christensen et al., 1993; Ryckman et al., 2011). Sin embargo, no esta determinado si
existird una diferencia en la expresion de proteinas pro y anti-inflamatorias en muestras
citoldgicas sin lesion y con lesién escamosa intraepitelial de bajo grado con infeccién por VPH-

AR que estan asociadas y no asociadas a VB.

Se observo una sobreexpresion de IL-10 y COX-2 en el grupo de Sin LEI/Con VB/Con VPH-
AR (100%) y LEIBG/VPH-AR con (100%) y sin VB (100%) (Tabla 1). Sin embargo, esto no
puede ser atribuido a la presencia de G. vaginalis, sino a que el aumento en el pH vaginal durante
el padecimiento de VB, favorece el arresto de metaplasia escamosa, incrementando la
susceptibilidad de la zona de transformacion para agentes oncogénicos, ya que, la infeccion al
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estar ligada con la inhibicion de la quimiotaxis de neutréfilos, que surge de los efectos de los
acidos succinicos y acéticos, favorece el desarrollo de coinfecciones como las infecciones de
transmision sexual, principalmente por VPH (Peres et al., 2015), el cual a través de la
interaccion de sus oncoproteinas E6 y E7 puede inducir la activacion del eje inflamatorio COX-
prostaglandinas, elevando la expresion del oncogén inmediato COX-2 (Adefuye and Sales,
2012). En el caso de IL-10, al ser producida por las células del estroma, la hace tolerante al
sistema inmune, y, por lo tanto, ser un factor para el desarrollo de lesiones premalignas
(Giannini, 1998). Previamente se ha reportado una sobreexpresion de estas proteinas en biopsias
de pacientes con lesiones premalignas y cancer cervical, lo que se ha asociado a un estado de
inmunosupresion local, asi mismo, se ha propuesto que la sobreexpresion de COX-2 puede
favorecer el desarrollo y la progresion de las lesiones intraepiteliales escamosas (Balan et al.,
2011; Wang et al., 2013). Sin embargo, a pesar de que las infecciones bacterianas del tracto
genital tipicamente inducen una respuesta inflamatoria local, en nuestro estudio, no observamos
expresion de las proteinas proinflamatorias (IL-6 y TLR4), cabe sefialar, que puede ser resultado
de mecanismos inmunes reguladores, como apoptosis de neutrofilos, lo que consiste
eventualmente en la supresion de la produccion de citocinas proinflamatorias, lo cual evita la
resolucion de la infeccidn, y por consiguiente, favorece el desarrollo de lesiones premalignas
(Weissenbacher et al., 2010; Scott et al., 2013).

CONCLUSION
Se observé expresion IL-6, IL-10, TLR4 y COX-2, en los grupos sin y con LEIBG/VPH-AR
con VB, por lo que, G. vaginalis, no podria considerarse el Unico agente etioldgico capaz de

modular la secrecion de proteinas inflamatorias durante la VB.
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