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Lactobacillus crispatus Modulates Vaginal Epithelial Cell
Innate Response to Candida albicans
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Background: Vulvovaginal candidiasis is caused by Candida albicans. The vaginal epithelium, as the first site of the initial stage of
infection by pathogens, plays an important role in resisting genital tract infections. Moreover, lactobacilli are predominant members of
the vaginal microbiota that help to maintain a normal vaginal microenvironment. Therefore, Lactobacillus crispatus was explored for its
capacity to intervene in the immune response of vaginal epithelial cells VK2/E6E7 to C. albicans.

Methods: We examined the interleukin-2 (IL-2), 4, 6, 8, and 17 produced by VK2/E6E7 cells infected with C. albicans and treated with
L. crispatus in vitro. The capacity of L. crispatus to adhere to VK2/E6E7 and inhibit C. albicans growth was also tested by scanning
electron microscopy (SEM) and adhesion experiments.

Results: Compared with group VK2/E6E7 with C. albicans, when treated with L. crispatus, the adhesion of C. albicans to VK2/E6E7 cells
decreased significantly by 52.87 + 1.22%, 47.03 + 1.35%, and 42.20 + 1.55% under competition, exclusion, and displacement conditions,
respectively. SEM revealed that the invasion of C. albicans into VK2/E6E7 cells was caused by induced endocytosis and active penetration.
L. crispatus could effectively protect the cells from the virulence of hyphae and spores of C. albicans and enhance the local immune function
of the VK2/E6E7 cells. The concentrations of IL-2, 6, and 17 were upregulated significantly (P < 0.01) and that of IL-8 were downregulated
significantly (P <0.01) in infected VK2/E6E7 cells treated with L. crispatus. The concentration of IL-4 was similar to that of the group VK2/
E6E7 with C. albicans (24.10 +0.97 vs. 23.12 £ 0.76 pg/ml, P=0.221).

Conclusions: L. crispatus can attenuate the virulence of C. albicans, modulate the secretion of cytokines and chemokines, and enhance
the immune response of VK2/E6E7 cells in vitro. The vaginal mucosa has a potential function in the local immune responses against
pathogens that can be promoted by L. crispatus.
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INTRODUCTION the anti-Candida immunity of myeloid or lymphoid cells by
identifying the receptors and fungal moieties.y However,
the mucosal epithelial surface is the first site of contact of
C. albicans with its host, and local, rather than systemic
immunity plays a decisive role in controlling the infection by
initiating immune responses and even providing protection.

Vulvovaginal candidiasis (VVC) — caused predominantly by
Candida albicans — affects an estimated 70—75% of women at
least once during their lives. In addition, 5-8% of women have
recurrent vulvovaginal candidiasis (RVVC), which is defined
as four or more episodes every year.!! VVC and RVVC remain
a serious problem in reproductive-age women.”! C. albicansis ~ The significant role played by epithelial cells in the innate
an opportunistic pathogen with a significant ability to interact ~ immune response to C. albicans has been demonstrated
with the vaginal mucosa in terms of adherence, invasion,
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by several recent studies.* Epithelial cells from different
sites of the human body!” inhibited C. albicans growth by
producing cytokines and antimicrobial peptides (AMPs).[!%
However, the study of innate immune defense mechanisms
of anti-C. albicans in the vagina has developed slowly.

Lactobacilli are predominant members of vaginal microbiome
in healthy women and play an important role in maintaining
a healthy vaginal flora, such as by competitive exclusion of
pathogenic bacteria, competition for nutrients, production
of antimicrobial substances, and activation of the immune
system.l'!! Co-aggregation of C. albicans and lactobacilli
may be important in the vagina, especially to reduce the
adhesion of the fungus to the vaginal mucosa and to restore
the vaginal microbiome by the production of favorable
metabolites!'? and the modulation of cytokine expression.['3]

Lactobacillus crispatus, an H,O_ -producing strain, is
the most common species among the healthy human
vaginal microbiota and contributes to the normal bacterial
composition of vaginal ecosystem.!'" In our study,
we assessed the role of L. crispatus on the ability of
C. albicans to adhere to the vaginal epithelial cells and the
immunomodulatory effect of L. crispatus on the cytokine
and chemokine production of epithelial cells induced by
C. albicans.

MEeTHODS

Bacterial strains

L. crispatus cells (American Type Culture Collection [ATCC]
33820) cultured in de Man, Rogosa and Sharpe (MRS)
broth (Difco, Becton, Dickinson and Company, USA)
under anaerobic conditions (Gas-Pak system, BBL, Becton
Dickinson Biosciences, Milan, Italy) at 37°C overnight were
collected by centrifugation, washed twice, and suspended
in phosphate-buffered saline (PBS) at 107 colony-forming
units (CFU)/ml. The cells were counted by plating serial
dilutions on MRS agar (Difco)."™

C. albicans (ATCC 64548) was grown aerobically overnight
on Sabouraud-Dextrose agar plates (Becton Dickinson,
Cockeysville, MD, USA) at 30°C. One colony was used to
inoculate 10 ml of Roswell Park Memorial Institute (RPMI)
1640 medium (Gibco, Life Technologies Corporation, CA,
USA). Cells were suspended in RPMI 1640 and adjusted to a
certain concentration after counting using a hemocytometer.

Culturing of VK2/EGE7

VK2/E6E7 is an epithelial cell line (ATCC CRL-2616)
derived from a healthy premenopausal female undergoing
vaginal repair surgery. VK2/E6E7 cells were immortalized
with human papillomavirus16 E6E7 and were grown in
25 cm? tissue culture flasks (Corning Costar, Milan, Italy) at
37°C (5% CO,) until confluence in Keratinocyte-Serum-Free
medium (K-SFM; GIBCO-BRL San Giuliano Milanese,
Milan, Italy) with 0.1 ng/ml human recombinant epidermal
growth factor, 0.05 mg/ml bovine pituitary extract, 100 U
of penicillin, and 100 pg of streptomycin/ml and additional
calcium to a final concentration of 0.4 mmol/L. The medium

was changed for every 2 days. Cells were counted using a
hemocytometer and trypan blue dye exclusion test.

Competition with Candida albicans for adhesion to
VK2/EGE7 by Lactobacillus crispatus

L. crispatus was grown in MRS broth at 37°C under anaerobic
conditions. C. albicans was prepared by inoculating colonies
isolated from Sabouraud agar (Oxoid, Milan, Italy) plates
into RPMI 1640 (Gibco) at 107 CFU/ml. Cultures of
L. crispatus were collected by centrifugation, washed three
times, and suspended in RPMI 1640 at 107 CFU/ml. The
concentration of L. crispatus suspensions was determined
by sequential measurements of optical densities (OD) at
600 nm and quantification by colony counts. The relation
between the OD, , and CFU was established.

The monolayers of VK2/E6E7 were seeded at 1 x 10° cells/ml
in 6-well tissue culture plates and incubated at 37°C in 5%
CO,. Overnight cultures of L. crispatus were used. The effect
of L. crispatus on the adhesion of C. albicans to VK2/E6E7
was assessed using a L. crispatus/VK2/E6E7 ratio of 100:1.

Interference experiments with C. albicans were performed
using procedures described by Osset et al.l'! with some
modifications. For the exclusion tests, 1 x 107 lactobacilli
and vaginal epithelial cells were co-cultured for 1 h at 37°C
under microaerophilic conditions. Then, 1 x 107 C. albicans
cells were added, and incubation was continued for 1 h. In the
competition tests, the mixture of 1 x 107 lactobacilliand 1 x 107
C. albicans was added into VK2/E6E7 cell monolayers and
then incubated for 1 h at 37°C. During the displacement tests,
1 x 107 C. albicans and epithelial cells were incubated together
for 1 hat37°C. Then, incubation was continued for 1 h after the
addition of 1 x 107 lactobacilli. The adhesion to VK2/E6E7 cells
was evaluated using microscopy (x100) after Gram’s stain by
counting the number of bacteria and C. albicans attached to 30
consecutive cells. The results of the three experiments described
above showed the average number of microorganisms per VK2/
E6E7 cell compared with adhesion without lactobacilli (control
value). The control values were taken as 100% of adhesion,
and inhibition of C. albicans adherence was calculated by
subtracting each adhesion percentage from its corresponding
control value. The adhesion experiments were performed three
times with at least three replicates per group.

Determination of interleukin-2, interleukin-4,
interleukin-6, interleukin-8, and interleukin-17 using
an enzyme-linked immunosorbent assay

To examine the production of cytokines and chemokines,
VK2/E6E7 cells (1 x 10° cells/ml) were co-cultured with
C. albicans (1 x 10°/ml) at a ratio of 1:1 in separate wells for
12 h in a total volume of 2 ml of K-SFM complete medium in
6-well tissue culture plates (Costar, Corning, NY, USA). After
co-cultured for 12 h, the culture medium was aspirated, washed
three times with PBS, and replaced with 1 ml 1 x 107 lactobacilli
for an additional 24 h. There were four groups in this study,
which included group VK2/E6E7 with medium alone, group
VK2/E6ET7 with C. albicans, group VK2/E6E7 with L. crispatus,
and group VK2/E6E7 with suspensions of L. crispatus after

Chinese Medical Journal | February 5,2017 | Volume 130 | Issue 3 -




infection with C. albicans. The control groups included VK2/
E6E7 with medium alone (negative control), VK2/E6E7 with C.
albicans, and VK2/E6E7 with L. crispatus over the same time
period. The epithelial cell-C. albicans coculture supernatants
were then collected and centrifuged at 12,000 xg for 5 min,
transferred to a new tube, and stored at —80°C for enzyme-linked
immunosorbent assay (ELISA) analysis. Supernatants were
assayed for the levels of proinflammatory (interleukin-6, IL-6),
Th1-immunoregulatory (IL-2), Th2-immunoregulatory (IL-4),
chemotactic (IL-8), and Th17-immunoregulatory (IL-17)
cytokines according to the ELISA manufacturer’s instructions.
Standard curves were generated in every set of experiments.
The absorbance values and concentrations of each cytokine
were determined by using a Ceres 900 automated microplate
reader (Bio-Tek Corp., Wisnooski, VT, USA) and Kineticalc
software (Bio-Tek). Experiments were performed independently
for three times.

Scanning electron microscopy observations
VK2/E6ET7 treated with C. albicans or L. crispatus were
fixed in 2.5% glutaraldehyde for 12 h, and then washed with
0.1 mol/L phosphoric acid buffer (pH = 7.4) three times
for 10 min each. The cells were then dehydrated in 70%
ethanol for 2 h and kept dehydrated in an ascending series
of ethanol (75%, 80%, 85%, 90%, 95%, and 100%, 6 min
each).l'”? The cells were left to air-dry for a few seconds and
mounted on scanning electron microscopy (SEM) stubs with
double-sided carbon tape. The dried samples were sputtered
with gold and observed under a Hitachi S-3400N electron
microscope at high-vacuum mode.

Statistical analysis

The data were expressed as the mean + standard
deviation (SD). Statistical analyses were performed using
SPSS statistical package 17.0 (SPSS Inc., Chicago, IL,
USA) and GraphPad Prism 6.0 software (GraphPad, San
Diego, CA, USA). One-way analysis of variance was used
to compare the results of different experimental groups.
Post hoc group comparisons were conducted using LSD
method. Differences were considered statistically significant
at P <0.05.

ResuLts

Inhibition of Candida albicans’ adhesion to VK2/E6E7
by Lactobacillus crispatus

To investigate the influence of L. crispatus on the adhesion
of C. albicans to VK2/E6E7, the cells were treated with
L. crispatus and infected with C. albicans during assays
of exclusion, competition, and displacement. The results
demonstrated that L. crispatus caused significantly
decreased adhesion of C. albicans to VK2/E6E7, by
52.87 + 1.22%, 47.03 + 1.35%, and 42.20 = 1.55% in the
competition, exclusion, and displacement experiments,
respectively [Figure 1].

Scanning electron microscopy assessment
The SEM study further verified the interaction between
VK2/E6E7, C. albicans, and L. crispatus. Typical

SEM images of untreated VK2/E6E7 are shown in
Figure 2a. As shown in Figure 2b, when VK2/E6E7 cells
were treated with C. albicans for 6 h, no significant
morphological changes to the cells were observed. The
immune responses of the epithelial cells could prevent
the invasion of C. albicans. However, we observed
significant morphological changes of cells after 12 h of
stimulation with C. albicans [Figure 2c], with the cell
walls being penetrated by the hypha and the induction
of cellular endocytosis by the C. albicans hypha. When
VK2/E6E7 cells were treated with L. crispatus for 24 h
after incubation with C. albicans for 12h, several probiotic
bacteria were observed to be oriented toward VK2/E6E7
and appeared to protect the cells from the virulence of
hypha and spores of C. albicans [Figure 2d]. L. crispatus
inhibited the adhesion, hyphal formation, and proliferation
of C. albicans, as well as maintaining the morphology and
viability of vaginal epithelial cells notably.

Lactobacillus crispatus modulates cytokines’ secretion
by human vaginal epithelial cell

To determine whether L. crispatus could influence the
immune response of VK2/E6E7 to C. albicans, a set
of experiments were performed using four groups of
cells, which were defined as group VK2/E6E7 with
medium alone, group VK2/E6E7 with C. albicans,
group VK2/E6E7 with L. crispatus, and group VK2/
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Figure 1: Inhibition of the adhesion of Candida albicans to vaginal
epithelial cells. Treatment of 1 x 10° vaginal epithelial cells with
1 x 107 Lactobacillus crispatus or 1 x 107 Candida albicans was
assessed using microscopy (x100) after Gram’s staining, by
counting the number of microorganisms attached to 30 consecutive
cells. The results of the three conditions (i.e., exclusion, competition,
and displacement) were expressed as the average number of Candida
albicans per VK2/EBE7 cell and compared with adhesion without
Lactobacilli (control value). The control values were taken as 100%
of adhesion, and the inhibition of Candida albicans’ adherence
was calculated by subtracting each adhesion percentage from
its corresponding control value. The data are expressed as the
mean percentage of adherence = standard deviation from three
independent experiments. *P < 0.01, between Candida albicans
grown in the presence of Lactobacillus crispatus versus Candida
albicans alone.
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E6E7 with suspensions of L. crispatus after infection with
C. albicans. A negative control was conducted by culturing

S-3400N 5.00kV 5.9mm x4.01 3' 0 34001 s 10.0um

Figure 2: Scanning electron microscope images of vaginal epithelial cells
treated with Candida albicans or Lactobacillus crispatus. (a) Untreated
VK2/EBE7 cells; (b) VK2/EGET cells treated with Candida albicans
for 6 h; (c) VK2/EGE7 cells treated with Candida albicans for 12 h;
(d) VK2/EGET cell treated with Lactobacillus crispatus for 24 h after
incubation with Candida albicans for 12 h; magnification x10,000.

C. albicans alone for cytokine production. The supernatants
of the cultures were then collected and examined for
pro-inflammatory (IL-6), Thl-immunoregulatory (IL-2),
Th2-immunoregulatory (IL-4), chemotactic (IL-8) cytokines,
and Th17 responses (IL-17).

The negative control (C. albicans alone) showed no significant
presence of cytokines or chemokines. C. albicans-specific
production of cytokines by epithelial cells is illustrated in
Table 1 and Figure 3. ELISAs showed that the concentration
of C. albicans-specific cytokines was greater in the
supernatant induced by L. crispatus than that detected with
C. albicans infection alone.

Table 1 shows that the IL-2 concentrations produced by
VK2/E6E7 cultured with L. crispatus only were significantly
higher than that in group VK2/E6E7 with medium
alone (92.50 £+ 2.33 vs. 49.48 + 0.99 pg/ml, P < 0.001).
When VK2/E6E7 cells were stimulated with C. albicans,
IL-2 was released at an obviously lower level compared
with that produced by group VK2/E6E7 with suspensions of
L. crispatus (34.81£1.22 vs. 84.05+2.75 pg/ml, P<0.001).

VK2/E6E7 produced lower concentrations of IL-4
in response to C. albicans compared with medium
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Figure 3: The secretion of IL-2, IL-4, IL-6, IL-8, and IL-17 from VK2/EGE7 cells, as assessed by enzyme-linked immunosorbent assay. Groups were
defined as 0 for VK2/EGE7 treated with medium alone, 1 for VK2/EGE7 treated with Candida albicans, 2 for VK2/EGE7 treated with Lactobacillus
crispatus, and 3 for VK2/EGE7 treated with a suspension of Lactobacillus crispatus for 24 h after infection with Candida albicans. Data are
presented as the mean = SD. *P < 0.001. (a) Concentration of IL-2, (b) concentration of IL-4, (c) concentration of IL-6, (d) concentration of

IL-8, (e) and concentration of IL-17. IL: Interleukin.
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Table 1: Constitutive and Candida-specific cytokine and
chemokine production by vaginal epithelial cells

Cytokines Stimulus Cytokine concentration
(pg/ml, mean + SD)
IL-2 Medium alone 49.48 +0.99
Medium + Candida 34.81+1.22
Medium + L. crispatus 92.50+2.33
Medium + Candida + 84.05+2.75
L. crispatus
1L-4 Medium alone 37.65+0.85
Medium + Candida 23.12+£0.76
Medium + L. crispatus 39.07+0.98
Medium + Candida + 24.10+£0.97
L. crispatus
1L-6 Medium alone 27.97+£0.15
Medium + Candida 18.91 £ 0.65
Medium + L. crispatus 35.33+0.55
Medium + Candida + 2472 £0.83
L. crispatus
1L-8 Medium alone 21.30+0.72
Medium + Candida 25.93 +£0.68
Medium + L. crispatus 18.97 £0.23
Medium + Candida + 12.41 £0.58
L. crispatus
IL-17 Medium alone 60.03 £2.71
Medium + Candida 30.65+1.87
Medium + L. crispatus 53.72+2.72
Medium + Candida + 4372 +2.72

L. crispatus

L. crispatus: Lactobacillus crispatus; 1L: Interleukin; SD: Standard
deviation.

only (23.12 + 0.76 vs. 37.65 = 0.85 pg/ml, P < 0.001).
When treated with L. crispatus after infection with
C. albicans, the IL-4 concentrations showed no statistically
significant differences compared with group VK2/E6E7 with
C. albicans (24.10+0.97 vs.23.12+0.76 pg/ml, P=0.221).

In addition, VK2/E6E7 treated with L. crispatus and infected
with C. albicans showed an increased release of IL-6 compared
with cells stimulated with C. albicans alone (24.72 +0.83 vs.
18.91 £ 0.65 pg/ml, P < 0.001), but to a lesser degree
than that induced by L. crispatus alone (35.33 + 0.55 vs.
18.91 £ 0.65 pg/ml, P < 0.001). The concentrations of IL-6
decreased obviously in group VK2/E6E7 with C. albicans
compared with that in group VK2/E6E7 with medium
alone (18.91 £ 0.65 vs. 27.97 £ 0.15 pg/ml, P < 0.001).

In contrast, the concentrations of IL-8 increased dramatically
in group VK2/E6E7 with C. albicans compared with that
in group VK2/E6E7 with medium alone (25.93 + 0.68 vs.
21.30 £ 0.72 pg/ml, P < 0.001) and group VK2/E6E7
with L. crispatus showed a marked reduction in the IL-8
level compared with group VK2/E6E7 with C. albicans
alone (12.41 + 0.06 vs. 25.93 4+ 0.68 pg/ml, P < 0.001).

VK2/E6E7 with medium alone showed an approximately
2-fold increase in the concentration of IL-17 compared with
group VK2/E6E7 with C. albicans alone (60.03 = 2.71 vs.
30.65 = 1.87 pg/ml, P <0.001). L. crispatus increased the

secretion of 1L-17 as demonstrated in group VK2/E6E7
with L. crispatus (53.72 £ 2.72 vs. 30.65 + 1.87 pg/ml,
P < 0.001) and group VK2/E6E7 with suspensions of
L. crispatus (43.72+2.72 vs. 30.65 £ 1.87 pg/ml, P<0.001).

Discussion

This study explored the regulatory role of L. crispatus
on the interaction of C. albicans and vaginal epithelial
cells. C. albicans is a commensal pathogen of the vaginal
microbiota that can cause VVC in women if the balance of
the normal vaginal flora is disrupted or the immune defense
is compromised.”®! The pathogenicity of C. albicans depends
on several properties, including invading tissues, evading
the host immune system, and facilitating the infection.!']

Asthefirstbarrier of the vagina, the mucosa prevents infections
by different kinds of pathogens. Many investigations have
demonstrated that the epithelial cells play vital roles in local
immune responses to commensal and pathogenic microbes,
including antigen presentation, antimicrobial activity, and
cytokine and chemokine production.l'”"! In our study, we
investigated the reaction of VK2/E6E7 epithelial cells when
infected by C. albicans and treated with L. crispatus to
identify the potential function of the mucosa in local immune
responses against the pathogen in vitro.

To the best of our knowledge, lactobacilli are the
predominant bacteria in a healthy vagina, which maintains
the homeostasis between the microbiota and the vaginal
microenvironment.??! To investigate whether L. crispatus
could influence immune responses of vaginal epithelial
cells to C. albicans, experiments were performed after
preinfection with C. albicans, followed by incubation with
L. crispatus or treatment with C. albicans only.

The influence of L. crispatus on the adhesion of C. albicans
to VK2/E6E7 and on the regulation of cytokine and
chemokine release was examined. The results of interference
experiments demonstrated that L. crispatus inhibited
C. albicans growth and adherence to VK2/E6E7 cells. In the
competition experiment, the rate of inhibition of adhesion by
C. albicans to VKk2/E6E7 was the highest. Adhesion to the
mucosa is the first step of infection. Therefore, L. crispatus
could play a determinant role in the treatment of C. albicans
infection. Various studies have demonstrated the inhibition
of C. albicans growth by the Lactobacillus in vivo and
in vitro,?** and several mechanisms for Lactobacillus
inhibition of C. albicans invasion have been proposed,
including competing with pathogenic microorganisms for
adhesion to epithelial cells, inhibiting the growth of other
bacteria through antibacterial products, and modulating the
mucosal immune response.

To determine the protective role played by L. crispatus further,
SEM was performed. With increasing time, C. albicans spores
were transformed to the hyphal form, which then perturbed
the VK2/E6E7 cell wall. Hyphal formation and subsequent
invasion are the predominant virulence properties of
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C. albicans infection.” The images showed that the epithelial
cells responded to C. albicans when VK2/E6E7 cells were
treated with this fungal pathogen for 6 h. We could infer that
the innate immune response of VK2/E6E7 played an important
role during the first stage of infection and commensal
colonization. However, the cell line was invaded strongly
when VK2/E6E7 cells were treated with C. albicans for 12 h.
Our results suggested that C. albicans could invade VK2/E6E7
through two distinct mechanisms, resulting in cellular damage.
The first is the induction of cellular endocytosis by C. albicans
hypha and the other is through active penetration without
endocytosis. The SEM images showed that L. crispatus
significantly enhanced the capacity of VK2/E6E7 to resist
virulent infection by C. albicans to maintain the viability of
the vaginal epithelial cells.

Activation of the innate immune response by C. albicans
induces the production of various cytokines and chemokines
by VK2/E6ET7 cells. It is generally accepted that an effective
Th1 response is crucial for defense against C. albicans
infections.”?®! In contrast, a Th2-type response is considered
nonprotective.?” The cytokines and chemokines examined in
our study were representative of members of pro-inflammatory,
regulatory T-helper, and chemotactic cytokine classes.

Our study demonstrated a decrease in the IL-2 and
IL-4 secretion after the interaction between C. albicans and
vaginal epithelial cells. Infection with C. albicans followed
by L. crispatus treatment caused a dramatic increase in
IL-2 and a slight decrease in IL-4. Therefore, these results
suggested that L. crispatus could promote the host defense
and protect the epithelium from C. albicans-induced cell
injury. Previous investigations demonstrated that the
mucosa is involved in innate immunity against fungal
infections by producing various cytokines such as IL-6,
IL-8, and IL-17.28%1 [L-6 is a pro-inflammatory cytokine,
and we observed an increase in IL-6 production against
C. albicans following treatment with L. crispatus, which
suggested that L. crispatus promotes the host’s defense
against C. albicans. Chemokine production is critical at the
sites of pathogenic invasion. Our results agreed with the
previous observations of elevated IL-8 production during
infection.!"! Incubation of VK2/E6E7 with L. crispatus
resulted in decreased immune activation by C. albicans in
terms of IL-8 production. L. crispatus diminished the activity
of C. albicans, thereby indicating its potential antifungal
properties. The investigation of anti-C. albicans activity
demonstrated that the production of IL-17 was impaired
in response to C. albicans infection, suggesting a local
immune response to the infection in vaginal epithelial cells.
L. crispatus induced the secretion of IL-17 and significantly
reduced C. albicans viability and growth, which suggested
that these probiotic bacteria could control C. albicans’
virulence. Extensive evidence has confirmed that when
encountered with C. albicans, epithelial cells induce an
inflammatory cascade leading to tissue irritation.B”

In summary, we investigated comprehensively the local
immune responses of vaginal epithelial cells induced by

L. crispatus against C. albicans infection in vitro. Moreover,
our results suggested that vaginal epithelial cells are important
in the innate host defense against C. albicans infection.
Our data showed that L. crispatus modulated the host
pro-inflammatory responses against C. albicans in different
ways. L. crispatus could enhance the immune function of
a vaginal epithelial cell line and attenuate the virulence of
C. albicans. Thus, the vaginal mucosa has the potential
to function in local immune responses against the fungal
pathogen, which can be promoted by L. crispatus.

In the case of localized C. albicans infections, however,
further experiments are needed to decipher their
contributions. In addition, we should identify additional
cytokines secreted by the vaginal mucosa infection by
C. albicans. The signaling pathway regulation mechanisms,
including whether L. crispatus could induce the production
of AMPs, for example -defensins, and the roles of pattern
recognition receptors and their downstream signal pathway
in immune responses in vaginal epithelial cells induced
by L. crispatus, should be investigated. Studies on the
host-pathogen interaction, in which L. crispatus acts as an
anti-inflammatory molecule, will also be conducted to reveal
the detailed mechanism of the local immune response to
mucosal fungal infections.
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