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Abstract
Vulvovaginal candidiasis (VVC) is a prevalent condition affecting a significant portion of women worldwide. Licochalcone 
A (LA), a natural compound with diverse biological activities, holds promise as a protective agent against Candida albicans 
(C. albicans) infection. This study aims to investigate the potential of LA to safeguard vaginal epithelial cells (VECs) from 
C. albicans infection and elucidate the underlying molecular mechanisms. To simulate VVC in vitro, VK2-E6E7 cells were 
infected with C. albicans. Candida albicans biofilm formation, C. albicans adhesion to VK2-E6E7 cells, and C. albicans-
induced cell damage and inflammatory responses were assessed by XTT reduction assay, fluorescence assay, LDH assay, 
and ELISA. CCK-8 assay was performed to evaluate the cytotoxic effects of LA on VK2-E6E7 cells. Western blotting assay 
was performed to detect protein expression. LA dose-dependently hindered C. albicans biofilm formation and adhesion to 
VK2-E6E7 cells. Furthermore, LA mitigated cell damage, inhibited the Bax/Bcl-2 ratio, and attenuated the secretion of 
pro-inflammatory cytokines in C. albicans-induced VK2-E6E7 cells. The investigation into LA’s impact on the Toll-like 
receptor 4 (TLR4)/nuclear factor-kappa B (NF-κB) pathway revealed that LA downregulated TLR4 expression and inhibited 
NF-κB activation in C. albicans-infected VK2-E6E7 cells. Furthermore, TLR4 overexpression partially abated LA-mediated 
protection, further highlighting the role of the TLR4/NF-κB pathway. LA holds the potential to safeguard VECs against C. 
albicans infection, potentially offering therapeutic avenues for VVC management.
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Introduction

Vulvovaginal candidiasis (VVC), a common vaginal infec-
tion (Nicolau Costa et al., 2021), is characterized by symp-
toms such as itching, burning, and abnormal vaginal dis-
charge, leading to discomfort and decreased quality of life 
for affected individuals (Jacobsen, 2023). This condition 
afflicts a significant number of women worldwide, with 
about 75% experiencing at least one episode of VVC during 
their reproductive years (Lopes & Lionakis, 2022).

The overgrowth of Candida albicans (C. albicans) 
accounts for approximately 80–90% of VVC cases (Gazi-
ano et al., 2020). Candida albicans, a commensal organism 
present in the vaginal microbiota of many healthy women 
(Spaggiari et al., 2023), can transition from a commensal 
state to a pathogenic state under certain conditions, includ-
ing alterations in the vaginal environment or compromised 
immune defenses, precipitating symptomatic VVC (Niu 
et al., 2017). Such a pathogenic transition involves the adhe-
sion of C. albicans to vaginal epithelial cells (VECs), and 
subsequent invasion and colonization (Zhao et al., 2022). 
VECs serve as a critical physical barrier against C. albi-
cans by impeding their penetration into the vaginal mucosa 
(Saha et al., 2017; Zhang et al., 2018). Additionally, VECs 
also actively participate in the immune response against C. 
albicans infection by producing antimicrobial peptides and 
pro-inflammatory cytokines that aid in clearing the invad-
ing pathogens (Helmy et al., 2021). Therefore, safeguarding 
VECs from C. albicans adhesion and subsequent cell dam-
age holds promise for VVC treatment.
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Licochalcone A (LA), a natural flavonoid compound 
derived from licorice root (Glycyrrhiza species), has gar-
nered increasing attention due to its potent antimicrobial 
properties (Lv et al., 2019). While exhibiting inhibitory 
effects on a range of microorganisms, including bacteria, 
viruses, and fungi (El-Saber Batiha et al., 2020), LA exhibits 
minimal cytotoxicity towards mammalian cells (Wu et al., 
2019), enhancing its potential for clinical application. Par-
ticularly noteworthy, several studies have highlighted the 
capacity of LA to impede C. albicans biofilm formation and 
adhesion (Messier & Grenier, 2011; Seleem et al., 2016), 
suggesting its therapeutic potential for VVC.

This study aimed to explore the therapeutic effects of LA 
on VVC. To mimic VVC in vitro, we established a cellu-
lar model by infecting VK2-E6E7 cells with C. albicans, a 
widely used approach for investigating molecular mecha-
nisms and drug development in VVC (Luan et al., 2020; Tan 
et al., 2023). Herein, we evaluated the impact of LA on C. 
albicans biofilm formation, adhesion to VK2-E6E7 cells, as 
well as C. albicans-induced cell damage and inflammatory 
responses in VK2-E6E7 cells using XTT reduction assay 
(Chaillot et al., 2017), fluorescence assay (Mikamo et al., 
2018), LDH assay (Chaillot et al., 2017), and ELISA (Gao 
et al., 2019). Furthermore, this study delved into the under-
lying molecular mechanisms, with a focus on the Toll-like 
receptor 4 (TLR4)/nuclear factor-kappa B (NF-κB) signaling 
pathway. This work provides insight into the development of 
potential therapeutic strategies for VVC.

Materials and Methods

Microbial Strain

The C. albicans strain SC5314, obtained from the American 
Type Culture Collection (ATCC), was utilized in this study. 
Candida albicans were routinely cultivated in YPD liquid 
medium (1% yeast extract, 2% peptone, and 2% dextrose) at 
30 °C overnight and washed twice with PBS before subse-
quent cellular experiments.

Cell Culture and Treatment

The vaginal epithelial cell line (VK2-E6E7) (ATCC) was 
cultured in Keratinocyte Serum Free Medium (Invitrogen) 
within a humidified incubator (37 °C; 5% CO2).

To replicate VVC in vitro, VK2-E6E7 cells were seeded 
into 96-well plates and grown to 95% confluency before 
infection with C. albicans at a concentration of 5 × 105 col-
ony-forming units (CFU)/ml. LA powder (#68783; Sigma-
Aldrich) was dissolved in dimethyl sulfoxide (DMSO; 

#D2650; Sigma-Aldrich) to prepare a 50 mM stock which 
was subsequently diluted to the desired concentrations. Prior 
to C. albicans infection, VK2-E6E7 cells were treated with 
LA for 2 h.

Cell Transfection

TLR4-specific pcDNA overexpression vector (TLR4-OE) 
and pcDNA3.1 empty vector (Vector) were purchased from 
Genechem. Transfection of these plasmids into VK2-E6E7 
cells was performed using Lipofectamine®2000 reagent 
(Invitrogen), as previously described (Zhao et al., 2023). 
Transfected cells were incubated for 48 h prior to subsequent 
experiments.

Cytotoxicity Assay

The cytotoxic effect of LA on VK2-E6E7 cells was assessed 
using a CCK-8 assay, as previously described (Li et al., 
2023). VK2-E6E7 cells were seeded into a 96-well plate 
(5 × 103 cells/well) and cultured with varying doses of LA 
(5, 10, 20, 40, 80, and 160 μM) for 24 h or 48 h. Then, 
CCK-8 reagent (#96,992, Sigma-Aldrich) was added (10 μl/
well) and VK2-E6E7 cells were incubated for another 2 h 
in darkness. The absorbance value at 450 nm was measured 
using a microplate reader (BioTek).

XTT Reduction Assay

Biofilm formation of C. albicans was evaluated by measur-
ing the metabolic activity using a colorimetric XTT reduc-
tion assay, as previously outlined (Alfian et al., 2022). Can-
dida albicans (2 × 105 CFU) were seeded into 96-well plates 
and incubated with LA (62.5 μM or 150 μM) at 37 °C for 
24 h. At the end of incubation, XTT solution was added 
(100 µl/well), and OD values were measured at 492 nm 
using a microplate reader.

Adherence of C. Albicans

Candida albicans adherence to VK2-E6E7 cells was 
assessed using a fluorescence assay. Candida albicans were 
labeled with fluorescein isothiocyanate (FITC; #46,950, 
Sigma-Aldrich) as previously described (Mikamo et al., 
2018). VK2-E6E7 cell monolayers were cultured with FITC-
labeled C. albicans, and fluorescence intensity was meas-
ured using a fluorescence microplate reader.

LDH Assay

VK2-E6E7 cell damage induced by C. albicans infec-
tion was assessed by detecting LDH activity in culture 
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supernatants using the CytoTox 96 Non-Radioactive Cyto-
toxicity Assay Kit (#G1780; Promega) (Gao et al., 2019). 
VK2-E6E7 cell monolayers were cultured with C. albicans 
for 24 h. Then, CytoTox 96® reagent (50 μl/well) and stop 
solution (50 μl/well) were added. The absorbance values 
were observed at 490 nm.

ELISA

After treatments, pro-inflammatory cytokines (TNF-α, 
IL-1β, and IL-6) in culture supernatants were quantified 
using commercially available antibodies (Pharmingen) 
(Steele & Fidel, 2002).

Western Blotting

Western blotting analysis was performed as previously 
described (Shroff et al., 2017). Protein lysates were extracted 
from VK2-E6E7 cells by RIPA buffer. After concentration 
quantification using a BCA Protein Assay Kit (#23,250, 
Thermo Fisher Scientific), equal amounts of protein lysates 
were separated by 10% SDS-PAGE and transferred onto 
PVDF membranes. Then, the membranes were blocked with 
5% skim milk and probed with specific primary and second-
ary antibodies. Protein bands were visualized with an ECL 
kit and quantified using ImageJ software.

Statistical Analysis

All experiments were performed at least three times. Data 
are expressed as mean ± SD. Statistical analyses were per-
formed using SPSS 21.0 software by Student’s t-test or 
one-way analysis of variance (ANOVA) with significance 
set at P < 0.05. Graphs were generated using GraphPad 6.0 
software.

Results

Determination of Cytotoxic Effects of LA 
on VK2‑E6E7 Cells

The chemical structure of LA is depicted in Fig. 1A. As 
previously reported (Seleem et al., 2016), the minimum 
inhibitory concentration (MIC) and minimum fungicidal 
concentration (MFC) values of LA against C. albicans 
were determined to be 62.5 μM and 150 μM, respectively. 
While the MIC of LA against C. albicans appears high, 
both in vitro and in vivo experiments have confirmed its 
efficacy against C. albicans with minimal toxicity observed 
against oral fibroblast cells and tongue tissue, suggesting the 
potential of LA as a novel antifungal agent for C. albicans-
associated diseases, including VVC.

To determine the optimal concentration of LA for sub-
sequent experiments, the cytotoxic effects of LA on VK2-
E6E7 cells were assessed within a concentration range of 
0–160 μM. CCK-8 results demonstrated that even at a con-
centration of 160 μM, LA did not induce noticeable cytotoxic 
effects on VK2-E6E7 cells after 24 or 48 h of incubation 
(Fig. 1B and C). Consequently, concentrations of 62.5 μM 
and 150 μM were chosen for subsequent experiments.

LA inhibits C. Albicans Biofilm Formation 
and Adhesion to VK2‑E6E7 Cells

To examine the impact of LA on C. albicans biofilm forma-
tion, VK2-E6E7 cells were pretreated with LA (62.5 μM or 
150 μM) 2 h prior to C. albicans infection. As illustrated 
in Fig. 2A, LA exhibited a dose-dependent inhibition of 
C. albicans biofilm formation. Additionally, the effects 
of LA on the adhesion of C. albicans to VK2-E6E7 cells 

Fig. 1   Determination of cytotoxic effects of LA on VK2-E6E7 cells. 
(A) The chemical structure of LA. (B and C) VK2-E6E7 cells were 
treated with LA at different doses (5, 10, 20, 40, 80, and 160 μM) for 

24 and 48 h. The cytotoxic effect of LA on VK2-E6E7 cells was eval-
uated by CCK-8 assay. *P < 0.05; **P < 0.01
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were assessed. VK2-E6E7 cells were categorized into 
DMSO, C. albicans, C. albicans + LA (62.5 μM), and C. 
albicans + LA (150 μM) groups. Analysis of fluorescence 
emitted by FITC-labeled C. albicans demonstrated that LA 
decreased the adhesion of C. albicans to VK2-E6E7 cells 
in a dose-dependent manner (Fig. 2B). Thus, LA effectively 
suppresses both C. albicans biofilm formation and its adhe-
sion to VK2-E6E7 cells.

LA Mitigates C. albicans‑Induced Cell Damage 
and Inflammatory Responses in VK2‑E6E7 Cells

Using an LDH assay, C. albicans-induced damage to VK2-
E6E7 cells after 24 h of infection was measured. LA dem-
onstrated a concentration-dependent ability to prevent C. 
albicans-induced damage to VK2-E6E7 cells (Fig. 3A). Fur-
thermore, LA attenuated the C. albicans-induced increase 
in Bax protein levels and decrease in Bcl-2 protein levels 
in VK2-E6E7 cells (Fig. 3B). Subsequently, ELISA was 
employed to quantify the levels of pro-inflammatory cytokines 
(TNF-α, IL-1β, and IL-6) secreted by VK2-E6E7 cells. 
Results depicted in Fig. 3C revealed that C. albicans infec-
tion significantly elevated the production of TNF-α, IL-1β, 
and IL-6 by VK2-E6E7 cells, whereas LA dose-depend-
ently downregulated these levels. Therefore, LA exhibits a 
dose-dependent inhibition of cell damage and inflammatory 
responses induced by C. albicans in VK2-E6E7 cells.

LA Inhibits the Activation of the TLR4/NF‑κB 
Signaling Pathway in C. albicans‑Infected VK2‑E6E7 
Cells

The toll-like receptor 2/4 (TLR2/4)-NF-κB signaling path-
way has been implicated in VVC pathogenesis (Feng et al., 

2023). Notably, LA has been shown to inhibit TLR4 expres-
sion and NF-κB signaling in LPS-induced C57BL/6 mice 
and macrophages (Cai et al., 2023). Thus, the levels of 
TLR2, TLR4, and NF-κB-related proteins (NF-κB p65 and 
p-NF-κB p65) were assessed in VK2-E6E7 cells from the 
DMSO, C. albicans, C. albicans + LA (62.5 μM), and C. 
albicans + LA (150 μM) groups. Western blotting analysis 
revealed that C. albicans infection significantly increased 
TLR2, TLR4, and p-NF-κB p65 protein levels; however, 
LA treatment dose-dependently reversed the increase in 
TLR4 and p-NF-κBp 65 protein levels, while barely affect-
ing TLR2 protein levels (Fig. 4A). These results suggest that 
LA may downregulate TLR4 expression and inhibit NF-κB 
activation in C. albicans-infected VK2-E6E7 cells.

To further verify whether LA inhibits the TLR4/NF-κB 
signaling pathway in VK2-E6E7 cells infected by C. albi-
cans, TLR4 was first overexpressed in VK2-E6E7 cells. The 
efficiency of transfection was confirmed by western blotting 
(Fig. 4B). Subsequently, cells were assigned to DMSO, C. 
albicans, C. albicans + LA (150 μM), C. albicans + TLR4-
OE, and C. albicans + LA (150 μM) + TLR4-OE groups. As 
depicted in Fig. 4C, TLR4 overexpression augmented the 
C. albicans-induced increase in TLR4 and p-NF-κB protein 
expression and significantly reversed LA-mediated inhibi-
tion of these proteins. Therefore, the TLR4/NF-κB signaling 
pathway may play a role in LA-meditated protection against 
C. albicans infection.

TLR4 Overexpression Abates LA‑Mediated NF‑κB 
Deactivation and Protection Against C. albicans 
Infection in VK2‑E6E7 Cells

Next, we investigated whether the TLR4/NF-κB signaling 
pathway is involved in the protective effects of LA. As 

Fig. 2   LA inhibits C. albicans biofilm formation and adhesion to 
VK2-E6E7 cells. (A) The biofilm formation of C. albicans treated 
with LA at 0, 62.5  μM, or 150  μM groups was assessed by XTT 
reduction assay. (B) VK2-E6E7 cells were pretreated with LA at 

62.5 μM or 150 μM and then infected with FITC-labeled C. albicans 
for 24 h. Candida albicans adhesion to VK2-E6E7 cells was assessed 
by measuring fluorescence intensity under a fluorescence microplate 
reader. *P < 0.05; **P < 0.01
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shown in Fig. 5A, TLR4 overexpression exacerbated C. 
albicans adhesion to VK2-E6E7 cells and partially miti-
gated the LA-mediated reduction of C. albicans adhesion 
to VK2-E6E7 cells. Moreover, TLR4 overexpression also 
exacerbated cell damage and inflammatory responses 
induced by C. albicans in VK2-E6E7 cells and abrogated 
LA-mediated inhibition of these responses (Fig. 5B–D). In 
summary, LA may protect VECs against C. albicans infec-
tion by inhibiting the TLR4/NF-κB signaling pathway.

Discussion

VVC presents a prevalent concern affecting a substantial 
portion of women globally. In the pursuit of effective ther-
apeutic interventions, this study delves into the potential 
of LA as a protective agent for VECs (VK2-E6E7 cells) 
against C. albicans infection and elucidates its underlying 
mechanisms, particularly focusing on the TLR4/NF-κB 
signaling pathway.

Fig. 3   LA mitigates C. albicans-induced cell damage and inflamma-
tory responses in VK2-E6E7 cells. VK2-E6E7 cells were pretreated 
with LA at 62.5 μM or 150 μM and then infected with C. albicans for 
24 h. (A) VK2-E6E7 cell damage was determined using LDH assay. 

(B) Bax and Bcl-2 protein levels in VK2-E6E7 cells were detected 
by western blotting. (C) TNF-α, IL-1β, and IL-6 levels in the culture 
supernatant were determined using ELISA. *P < 0.05; **P < 0.01
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The interaction between C. albicans and VECs involves 
processes of adhesion, invasion, and subsequent cellular 
damage (Wachtler et al., 2011). Notably, prior research has 
shown that LA inhibits C. albicans growth in epithelial cells 
(Messier & Grenier, 2011) and suppresses C. albicans bio-
film formation and adhesion to oral fibroblast cells (Sel-
eem et al., 2016). Consistent with these findings, our study 
unveils LA’s efficacy in inhibiting C. albicans biofilm for-
mation and adhesion to VK2-E6E7 cells in a dose-dependent 
manner, indicating that LA exerts protective effects on VECs 
by impeding C. albicans biofilm formation and adhesion.

In the context of VVC, a protective immune response 
often leads to concurrent tissue inflammation (Yu et al., 
2018). Recent studies have demonstrated elevated produc-
tion of pro-inflammatory factors by VVC mice and C. albi-
cans-infected VK2-E6E7 cells (Chen et al., 2021; Zhang 
et al., 2022). LA has been found to exert anti-inflammatory 
effects by suppressing the secretion of pro-inflammatory 

cytokines (Chu et al., 2012; Li et al., 2021; Shu et al., 2022) 
and protecting against cell damage and subsequent tissue 
injury (Hou et al., 2019; Zhu et al., 2023). This is further 
supported by our findings that LA can mitigate C. albicans-
induced cell damage and inflammatory responses in VK2-
E6E7 cells, evidenced by concentration-dependent inhibition 
of C. albicans-induced increase in LDH activity, Bax/Bcl-2 
ration, and the production of TNF-α, IL-1β, and IL-6. These 
findings underscore LA’s potential to alleviate tissue damage 
and inflammation in VVC.

In response to C. albicans infection, the TLRs/NF-κB 
signaling pathway is generally triggered and activated (Liu 
et al., 2018; Wang et al., 2013), playing a significant role in 
VVC pathogenesis (Feng et al., 2023). Given that LA has 
been reported to inhibit the TLR4/NF-κB signaling pathway 
in LPS/GalN-induced acute liver injury (Lv et al., 2019), 
we investigated its regulatory effects on the TLRs/NF-κB 
signaling pathway in C. albicans-infected VK2-E6E7 cells. 

Fig. 4   LA inhibits the activation of the TLR4/NF-κB signaling path-
way in C. albicans-infected VK2-E6E7 cells. (A) VK2-E6E7 cells 
were pretreated with LA at 62.5  μM or 150  μM and then infected 
with C. albicans for 24  h. TLR2, TLR4, p-NF-κB p65, and NF-κB 
p65 protein levels in VK2-E6E7 cells were detected by western blot-
ting. (B) VK2-E6E7 cells were transfected with Vector and TLR4-

OE. TLR4 protein levels in transfected VK2-E6E7 cells were deter-
mined by western blotting. (C) VK2-E6E7 cells were transfected 
with TLR4-OE, pretreated with LA at 150 μM, and infected with C. 
albicans for 24 h. TLR4, p-NF-κB p65, and NF-κB p65 protein levels 
in VK2-E6E7 cells were determined by western blotting. *P < 0.05; 
**P < 0.01
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Our results unequivocally demonstrate that LA downreg-
ulates TLR4 expression and inhibits NF-κB activation in 
C. albicans-infected VK2-E6E7 cells, highlighting LA’s 

modulatory impact on the TLR4/NF-κB signaling pathway. 
Furthermore, overexpression of TLR4 partially reverses LA-
mediated inhibitory effects on C. albicans-induced NF-κB 

Fig. 5   TLR4 overexpression abates LA-mediated NF-κB deactiva-
tion and protection against C. albicans infection in VK2-E6E7 cells. 
VK2-E6E7 cells were transfected with TLR4-OE, pretreated with LA 
at 150 μM, and infected with C. albicans for 24 h. (A) C. albicans 
adhesion to VK2-E6E7 cells was assessed by measuring fluorescence 

intensity under a fluorescence microplate reader. (B) VK2-E6E7 cell 
damage was determined using LDH assay. (C) Bax and Bcl-2 pro-
tein levels in VK2-E6E7 cells were detected by western blotting. (D) 
TNF-α, IL-1β, and IL-6 levels in the culture supernatant were deter-
mined using ELISA. *P < 0.05; **P < 0.01
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activation and LA’s protective effects on VK2-E6E7 cells 
against C. albicans infection, emphasizing the pivotal role of 
the TLR4/NF-κB signaling pathway in LA’s capacity to safe-
guard VECs from C. albicans infection. These results also 
corroborate the findings of previous studies on LA, which 
support that the anti-inflammatory properties of LA mani-
fest through the inhibition of the NF-κB signaling pathway 
(Furusawa et al., 2009; Hu & Liu, 2016).

Conclusion

This study sheds light on the potential of LA in safeguard-
ing VECs against C. albicans infection. The demonstrated 
impacts on C. albicans biofilm formation, adhesion to 
VECs, as well as the mitigation of C. albicans-induced cel-
lular damage and inflammatory responses in VECs, along-
side its regulation of the TLR4/NF-κB pathway, position LA 
as a promising therapeutic agent for VVC. Future research 
endeavors should delve deeper into exploring the effects of 
LA on the yeast-to-hyphal morphological transition of C. 
albicans and its efficacy in treating VVC in vivo.
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