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Abstract
Vulvovaginal candidiasis (VVC) and recurrent vulvovaginal candidiasis (RVVC) are the most common lower genital tract 
infections in reproductive women. In recent years, the research on its pathogenesis mainly focuses on vaginal local immunity 
and IL-17 as key factors in adaptive immunity, attracting much attention. However, the role of IL-17 in local immunity in 
VVC and RVVC is poorly understood. At the same time, neutrophils are considered the most effective way to control and 
eliminate candidal infection and have a controversial role in VVC and RVVC. In this study, we built a mouse RVVC model. 
After analyzing the vaginal lavage solution of RVVC mice with an inflammatory factor antibody chip and ELISA, we found 
that IL-17 may play a protective role in RVVC. The experiment of constructing RVVC mice with different concentrations 
of IL-17 using halofuginone and comparing the vaginal fungi load and vaginal epithelial damage verified that IL-17 had a 
protective effect in RVVC. In addition, in vitro and in vivo studies found that IL-17 can promote neutrophil apoptosis and 
recruit neutrophils in the vagina. The neutrophils in the vagina can secrete IL-17 in an autocrine manner. These two may be 
why IL-17 plays a protective role in RVVC. In summary, the study suggests that IL-17-mediated regulation of neutrophil 
function is involved in host immune response to RVVC, which helps us to further understand the potential mechanism of 
IL-17 in RVVC.
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Introduction

Vulvovaginal candidiasis (VVC) is one of the most common 
infectious diseases of the reproductive tract, caused 
primarily by the opportunistic Candida albicans infection. 
Recurrent vulvovaginal candidiasis (RVVC) refers to four 
or more episodes of VVC with symptoms confirmed by 
a mycologist within 1 year [1]. The main symptoms of 
RVVC include vaginal pain, itching, redness, burning, and 
recurring symptoms [2], which seriously affect the patient’s 

psychological status and quality of life. The pathogenesis of 
RVVC is unclear [3], and previous studies have found that the 
pathogenesis of RVVC is mainly related to the invasiveness 
of the strain and the local immunity of the vagina [4].

In a previous study [5], we compared the differences in 
the invasiveness of VVC and RVVC pathogenic strains. 
The results showed no differences in fungi species, 25S 
rDNA-PCR genotyping, Plb activity, and drug suscep-
tibility between VVC and RVVC pathogens. However, 
Secretory aspartyl proteinases (Sap) activity of RVVC 
pathogenic strains with severe symptoms and refractory 
treatment is weaker than VVC pathogenic strains. As an 
invasion factor secreted by the tip of C. albicans hypha, 
Sap can invade and adhere to the host cell, destroy the 
integrity of the host cell epidermis, and increase the per-
meability of the cell membrane, thus reducing the defense 
ability of the host cell [6]. At the same time, Sap can 
stimulate the host to produce immune responses, such as 
promoting polymorphonuclear neutrophil infiltration and 
producing pro-inflammatory cytokines such as IL-1 and 
IL-18 by activating caspase [7]. These results indicate that 
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compared with the invasiveness of C. albicans, the local 
immune response in the vagina might be the most impor-
tant factor causing RVVC.

Once the vaginal epithelium is infected with Candida, 
the innate and adaptive immune responses are immediately 
activated [8]. The Th17 cell in adaptive immunity has been 
the research focus in recent years [9]. As a major effector 
of Th17, IL-17 plays a role in the antifungal effect of skin 
and mucous membranes by producing antimicrobial peptides 
and promoting neutrophil infiltration [9]. There are organ 
differences in the antifungal effect of IL-17 in vivo. In the 
oral mucosa of C. albicans infection, the antifungal effect of 
IL-17 has been confirmed [10]. However, the role of IL-17 
and neutrophil cells in VVC and RVVC is controversial. 
Some studies have highlighted that in VVC, the phagocyto-
sis of neutrophils is weakened, and IL-17 has no protective 
effect on VVC [11]. Other studies [12] have found that IL-17 
plays a vital role in the immune response of vaginal mucosa, 
defending against C. albicans, and low-level local vaginal 
IL-17 expression may cause recurrent VVC attacks.

When C. albicans infects the host, both the innate and 
adaptive immunity of the host play an important role 
through neutrophils [13]. After infection with C. albicans, 
neutrophils are recruited to the infected site and recognize 
C. albicans, fighting the fungus through a series of 
antimicrobial effect mechanisms such as oxidative burst, 
cytokine release, phagocytosis, and release of antimicrobial 
peptides [14]. The role of neutrophils in RVVC has been 
controversial. It is generally believed that the symptoms 
of mucosal damage in VVC and RVVC are related to the 
acute inflammation that occurs when neutrophils migrate 
into the vagina, and the interaction of C. albicans with 
vaginal epithelial cells causes this neutrophil response. 
However, vaginal epithelial cells cannot clear C. albicans, so 
neutrophils have a greater negative impact on vaginitis [3].

Under normal circumstances, maintaining a dynamic 
balance between the proliferation and apoptosis of neutro-
phils can promote the body’s resistance to infection and help 
reduce inflammation. Neutrophil apoptosis is an essential 
biological pathway for terminating neutrophil-mediated 
inflammatory responses [15]. Pro-inflammatory cytokines 
decrease after neutrophil apoptosis; thus, neutrophil apop-
tosis is a key signal for inflammation resolution [16]. Neu-
trophil apoptosis also plays an important role in numerous 
mechanisms of neutrophil resistance to C. albican [13],but 
the research on neutrophil apoptosis in VVC and RVVC is 
limited.

In this study, we explored vaginal immunity in RVVC 
mice and clarified the role of IL-17 in the occurrence and 
development of RVVC. At the same time, we investigated 
the role of IL-17 and neutrophils in the local immunity of 
RVVC and discussed the mechanism of neutrophil apop-
tosis in RVVC. The study provides a theoretical basis for 

elucidating the pathogenesis of RVVC and a new direction 
for diagnosing and treating RVVC.

Materials and Methods

Strains and Growth Conditions

Two strains of C. albicans collected from VVC patients 
were used in this study. They were both 25SrDNA geno-
type A and were sensitive to fluconazole, itraconazole, and 
amphotericin. One strain had weak Sap enzyme activity 
(Sap=0.731), and the other had strong Sap enzyme activity 
(Sap=0.242). The method for judging the enzyme activity 
of Sap was as described by El-Houssaini [17]: the lower 
the value of Sap, the higher the enzyme activity.

Constructed RVVC Mouse Model

One hundred six female Kunming mice aged 6–8 weeks 
were purchased from Kunming Medical University and 
were housed at a density of six per cage and acclimated 
to a day/night cycle for 3 days. The two strains selected 
above were used to construct the RVVC mouse model. 
The mice were randomly divided into 3 groups: the con-
trol group (normal saline intervention group, n=6); the 
strong Sap activity group (Sap=0.242, n=50); the weak 
Sap activity group (Sap=0.731, n=50). The RVVC model 
was established according to a previous method [5], and 
the timeline of the experimental animal treatment and 
sample collection is shown in Fig. 1. Before infection, 
the mice received a subcutaneous injection of 0.1mg of 
estradiol valerate (E2; Aladdin Industrial Co, Shanghai, 
China) every 2 days for three times in total. C. albicans 
was prepared into a suspension with a concentration of 
5×106 cfu/ml in sterile saline, and 0.02 ml of C. albicans 
suspension was inoculated into the vaginas of the mice. 
In the control group, 0.02 ml of PBS solution instead of 
the fungal suspension was injected intravaginally. Four 
days after inoculation, vaginal secretions were collected 
for observation under a light microscope. The presence of 
hyphae was used to confirm C. albicans infection (VVC 
model). Next, clotrimazole was used for vaginal treatment, 
and no hyphae in the vaginal secretion were observed after 
seven days, which indicated successful treatment. The 
entire process was repeated three times, and the RVVC 
model was established after the fourth infection. In each 
successful infection stage, the vaginal cavity was lavaged 
with 0.2 ml of phosphate-buffered saline. The lavage fluid 
was collected and stored at -80°C.
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Protein Chip Tests for Differentially Expressed Genes 
(DEGs)

After the RVVC mice model was successfully constructed, 
we used the AAM-INF-1 chip provided by RayBiotech to 
analyze the vaginal lavage fluid of RVVC mice after the 
second infection (day 26, Fig. 1). Since the vaginal lavage 
fluid of each mouse was only 200μL, we combined the vagi-
nal lavage fluid of 6 mice in the control group, 10 mice in 
the strong Sap activity group, and 10 mice in the weak Sap 
activity group after the second infection in RVVC mice for 
determination. The membrane chip was sealed, and the anti-
bodies were incubated. The results were obtained by Image 
Quant LAS 4000, a scanning chemiluminescence imaging 
analysis system, and the original data were normalized by 
software and analyzed by means of normalization data. The 
Edger package (3.30.3) was used to perform a differential 
analysis of 40 genes. The analysis method was Moderated 
T-statistics, and the data packet was LIMMA from R/Bio-
conductor. P-value adjustment (p-value corrected by BH 
method) and logFC (expression differential multiple, base 2) 
were used to screen the DEGs, and the selection conditions 
were as follows: logFC>Log2 (1.2), the difference threshold 
was 1.2, and the adjusted p-value (or p-value)<0.05. Accord-
ing to the expression amount of these 40 genes, the heatmap 
was drawn using the heatmap package (1.0.12).

qRT‑PCR Verified the DEGs

After the second infection of the RVVC mice, 200μL of vag-
inal lavage fluid was taken from the strong, weak, and con-
trol Sap groups for qRT-PCR analysis, respectively (day 26, 
Fig. 1). Extraction of the total RNA in the lavage solution 

was conducted according to the instructions, and OD260 and 
OD280were measured with a spectrophotometer to detect 
the RNA purity/concentration. mRNA reverse transcription 
was performed using the SureScript-First-strand-cDNA-
synthesis-kit from Guangzhou Sevier Company. The reverse 
transcription product cDNA was diluted 5–20 times by add-
ing 0.05ml ddH2O (RNase/DNase-free), and the qRT-PCR 
reaction was performed. Primers are displayed in Table 1.

Construction of RVVC Mice with Different Th17 
Concentrations

Since C. albicans with strong Sap activity induced strong 
host immunity, we selected C. albicans with strong Sap 

Fig. 1   Timeline of the 
experimental animal infection, 
treatment and sample collection. 
Samples of RVVC mice after 
the second infection was taken 
for analyze in the study (day 26)

Table 1   Oligonucleotides used in this study

Primers Oligonucleotide sequence

TIMP-1 F GAT​GAC​TAA​GAT​GCT​AAA​AGGA​
TIMP-1 R ATA​GAT​AAA​CAG​GGA​AAC​ACTG​
Rantes F CCA​CTC​CCT​GCT​GCT​TTG​C
Rantes R ACA​CTT​GGC​GGT​TCC​TTC​G
IL-1βF ACC​TGT​GTC​TTT​CCC​GTG​G
IL-1βR TGG​GTG​TGC​CGT​CTT​TCA​T
IL-4 F TTG​TCA​TCC​TGC​TCT​TCT​TTCTC​
IL-4 R TCA​CTC​TCT​GTG​GTG​TTC​TTCGT​
IL-17 F TGG​ACT​CTC​CAC​CGC​AAT​G
IL-17 R GCT​CTC​AGG​CTC​CCT​CTT​C
sTNFR1 F CAG​GGA​GTG​TGA​AAA​GGG​C
sTNFR1 R GCA​AGA​TAA​CCA​GGG​GCA​A
M-GAPDH F CCT​TCC​GTG​TTC​CTA​CCC​C
M-GAPDH R GCC​CAA​GAT​GCC​CTT​CAG​T
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activity (Sap=0.242) for infection. Twenty-four mice were 
randomly divided into 4 groups: control group (Control), 
halofuginone-0μg group, halofuginone-5μg group, and 
halofuginone-10μg group. Mice were injected with 0μg, 
5μg, and 10μg of halofuginone solution 2 days before infec-
tion, on the day of infection, and 2 days after infection, 
respectively. Mice in the control group were treated with 
saline instead of C. albicans and halofuginone. The first 
and second infected mice were intervened with halofugine. 
After the second infection (day 26, Fig. 1), 1mLof retroor-
bital blood and 300μL vaginal lavage fluid were collected 
for the following experiments.

Wright Staining in Vaginal Lavage Fluid of Mice 
with Different Th17 Concentrations

After the second infection, 100μL vaginal lavage fluid was 
collected from all 4 groups, centrifuged to prepare cell 
smears, and Wright’s staining was performed.

Determination of Fungi Load

Sterile cotton swabs were utilized to collect mouse vaginal 
secretions and stored in an Ep tube containing 1mL 0.9% 
NaCl. Around 200μL of vaginal secretions were taken and 
inoculated on pre-prepared Saboro medium plates to detect 
vaginal fungi quantity.

Histological Analysis

For histological evaluation, the mice were sacrificed, the 
vagina removed, and immediately fixed in 10% (V/V) 
neutral buffer formalin for 24h. They were then dehydrated, 
paraffin-embedded, cut into 3–4 μm thick slices, and stained 
with HE. Five visual fields in the center and four corners 
were selected for microscopic observation.

Immunohistochemical (IHC) Staining

After the slices were routinely processed according to the 
previous method, they were incubated with the corresponding 
primary antibody IL-17A (ABCAM 1:100) and cleaved 
caspase-3 (Abcam 1:200). Following this, they were incubated 
with horseradish peroxide-labeled secondary antibody (Zhong 
Shan Jin Qiao, China), and finally colorified with a Vectastain 
ABC peroxidase system and a 3,3'-diaminobenzidine (DAB) 
kit (Zhong Shan Jin Qiao, China). The average dyeing optical 
density was calculated using Image-Pro Plus software. Five 
visual fields in the center and four corners were selected for 
microscopic observation.

Culture of Mouse Neutrophils

The operation was performed on the animal using a periph-
eral blood neutrophil separation liquid kit (Beijing Solarbio, 
China). The mouse blood was spread on top of the separation 
liquid and centrifuged for 20minutes; the layer between rea-
gents C and A in the centrifuge tube indicated neutrophils. 
The neutrophils were washed and centrifuged again for use.

TUNEL Staining

Mice vaginal tissues, neutrophils from 200μL vaginal lavage 
fluid, and 5x106neutrophils from mouse blood were taken 
and stained using the TUNEL (Roche) staining method. 
The apoptosis rate was observed and calculated under a 
fluorescence microscope. Five visual fields in the center 
and four corners were selected for microscopic observation.

Transwell Assay for Neutrophil Migration

After the isolation of neutrophils, 5×106 neutrophils 
were cultured in the upper chamber of the 
Transwellchamber(Beijing Solarbio, China). IL-17 (80ng/ml, 
Beijing Solarbio, China), IL-17+Ab (1/20, Beijing Solarbio, 
China), control mouse serum (Ctrl.serum) (1/20), and second 
infected mouse serum (Infection.serum)(1/20) were added to 
the lower chamber. The number of cells in the lower chamber 
was counted after 4 h of culture.

Flow Cytometry Testing

One mL of mouse retroorbital blood was used to detect 
Th17 content in whole blood. Rat anti-mouse IL-17 FITC 
conjugate (BD Pharmingen) and rat anti-mouse CD4-PE 
conjugate (Santa Cruz Biotechnology) were used to label 
cells. Neutrophils were obtained from 200μL mice vaginal 
lavage solution, and rat anti-mouse IL-17 FITC conjugate 
(BD Pharmingen) and rat anti-mouse LY-6G-PE conjugate 
(BD Pharmingen) were used to label the cells. Mice 
blood neutrophils were co-cultured with IL-17 (80ng/ml), 
IL-17+Ab(1/20), control mouse serum (Ctrl. serum) (1/20), 
and second infected mouse serum (Infection. serum) (1/20) 
for 48 h. Afterward, 105 cells were taken from each group, 
and the apoptosis rate was detected by flow cytometry. The 
proportion of apoptotic neutrophils was stained with Annexin 
V/PI kit (BD Pharmingen). FACScan cell fluorometer 
(Becton Dickinson, BD) was used for analysis. CELLQuest 
software (BD) was used to analyze the obtained data.

Western Blotting Analysis

Total cell protein was extracted using RIPA lysate and was 
quantified with BCA protein assay kit. The samples were 
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subjected to electrophoresis and membrane transfer. β-actin 
was used as an internal control, sealed with 5% fat-free milk. 
The primary antibodies of IL-17A antibody(1:1000,abcam, 
Cambridge, MA, USA), Fas antibody (1:1000, abcam, Cam-
bridge, MA, USA), FasL antibody (1:1000, CST, Danvers, 
MA, USA), cleaved caspase-3 antibody (1:2000, abcam, 
Cambridge, MA, USA), and mouse anti-β-actin antibody 
(1:5000,abcam, Cambridge, MA, USA) were used to incu-
bate the sample bands, respectively. Secondary antibodies 
(Goat anti-mouse IgG) were then incubated. ImageJ soft-
ware was used for gray analysis and relative protein expres-
sion calculation after exposure.

Statistical Analysis

SPSS 23.0 was utilized to analyze the data, and graphpad 
prism 8.0 software was used for statistical mapping. 
The measurement data are expressed by mean standard 
deviation (mean±standard deviation, ±s). T-test or analysis 
of variance (ANOVA) was used to compare the group 
comparison of measurement data subject to Gaussian 
Distribution, otherwise the nonparametric rank sum test 
was used. Showed in the heatmap using the R package 
ggpubr (Alboukadel Kassambara (2020). ggpubr: 'ggplot2' 
Based Publication Ready Plots. R package version 0.4.0. 
https://​CRAN.R-​proje​ct.​org/​packa​ge=​ggpubr). P<0.05 was 
considered statistically significant.

Results

Construction of Mouse RVVC and Protein Chip Tests

In our prior study [5], we developed an RVVC model in 
mice, where mice are serially infected with C. albicans 
and treated with antifungal four times (Fig. 1). The percent 
of animals colonized with C. albicans after each round of 
infection/treatment was reported as infection rate. This study 
found that infection with the strong Sap-producing strain 
was less likely to result in RVVC compared to infection 

with weak Sap-producing strain. In strong Sap-producing 
strain groups of mice, the infection rate (37.93% of mice 
remained infected) was lowest after the 3rd round of infec-
tion (Table 2), suggesting that the local immune response 
during the second infection was protective against subse-
quent infections. Therefore, for this study, we sought to iden-
tify and characterize the immune factors present during the 
2nd infection that might be mediating this response.

First we measured inflammatory protein levels in the vag-
inal lavages collected after the 2nd infection via protein chip 
array. Analysis of these results indicated that there were five 
DEGS in the strong Sap group compared with the control 
group, among which three genes were up-regulated (IL-17, 
IL-4, IL-1β) and two down-regulated (RANTES, Timp1) 
(p<0.05). There were three DEGs in the weak Sap group 
compared with the control group, one was up-regulated 
(IL-17), and two were down-regulated (Tnfrsf1b, Timp1) 
(p<0.05) (Table 3). The heatmap showed that the gene 
expression level of the two experimental groups was higher 
than that of the control group, and the gene expression level 
of the strong Sap group was higher than that of the weak 
Sap group (Fig. 2A). The higher expression of IL-17, IL-4, 
and IL-1β in the strong Sap group was highlighted by log2 
fold change (p<0.05) (Fig. 2B). The qRT-PCR assay exhib-
ited that in both the Sap strong and Sap weak groups, the 
mRNA expression of Timp1 and RANTES was significantly 
decreased. In contrast, the mRNA expression of IL-1β, IL-4, 
and IL-17 was significantly increased (p<0.05). In addition, 
the mRNA level of IL-4 and IL-17 in the Sap strong group 
was higher than in the Sap weak group (p<0.05) (Fig. 2C).

Effect of Inhibiting Th17 on Colony Count 
and Neutrophils in Vaginal Lavage Fluid of RVVC 
Mice

We used halofuginone (HF), a pharmacological inhibitor of 
IL-17 T-helper cell (Th17) development [18], to observe the 
effect of inhibition of Th17 on colony count and neutrophils 
in vaginal lavage fluid in RVVC mice. As the local immune 
changes in the vagina were most evident after the second 

Table 2   Infection rate and cure rate in mouse RVVC model

The infection rate and cure rate in RVVC model. aP<0.05, statistical difference compared with the first infection rate; bP<0.05, statistical differ-
ence compared with the second infection rate; cP<0.05, statistical difference compared to the first cure rate; dP<0.05, statistical difference com-
pared to the second cure rate
Sap secreted aspartate protease

1st infection 1st cure 2nd infection 2nd cure 3rd infection 3rd cure 4th infection

N/Rate(%) N/Rate(%) N/Rate(%) N/Rate(%) N/Rate(%) N/Rate(%) N/Rate(%)
Sap strong group 50(100.00%) 44(88.00%) 39(88.64%)a 29(74.35%) 11(37.93%)ab 9(81.82%) 5(55.56%)ab

Sap weak group 50(100.00%) 43(86.00%) 37(86.05%)a 31(83.78%) 20(64.52%)ab 10(50.00%)cd 6(60.00%)a

P-value 0.7690 0.7201 0.3202 0.0401* 0.0869 0.8550

https://cran.r-project.org/package=ggpubr
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infection, we used the mice after the second infection to 
conduct the following experiments. The number of Th17 
cells in the blood of RVVC mice (HF=0μg) was significantly 

increased compared with the control group, and HF dose-
dependently decreased the number of Th17 cells (p<0.05) 
(Fig. 3A). The number of colonies formed in the vaginal 

Table 3   Analysis of differential genes in mouse vaginal lavage fluid by AAM-INF-1 chip

△ indicate the DEGs between the strong Sap group and the control group; #indicate the DEGs between the weak Sap group and the control 
group

Control group Strong Sap
group

Weak Sap
group

logFC logCPM PValue logFC logCPM pValue
Strong Sap group Vs control group Weak Sap group Vs control group

MIP-1 
gamma

2161.5 3868.750272 2328.383382 0.287753597 13.09003171 0.167415262 -0.234133884 12.83052996 0.263627388

sTNF RI
(#)

5426.5 6454.358596 4013.682097 -0.301810917 14.12316083 0.143562808 -0.77651737 13.93346315 0.000184459

sTNF RII 9048.733961 11012.99091 11566.5 -0.268647159 14.87565625 0.191241862 0.012721718 15.01404735 0.951144262
RANTES
(△)

2681.5 2594.940645 2440.374196 -0.59937956 12.98066755 0.004117971 -0.477357245 13.03457091 0.022285903

IL-1 β
(△)

1295.43346 2863.518904 1802.5 0.592247266 12.52755543 0.004936816 0.135110724 12.27422692 0.524865609

MCSF 12587.62966 19289.64297 16869 0.063750362 15.51214187 0.756126294 0.080924482 15.52484269 0.693392425
GM-CSF 5262.5 5917.783675 5326.485791 -0.382751863 14.04318843 0.063836176 -0.323999346 14.07296277 0.116772669
IL-13 5767 6524.570681 6562.47445 -0.37399948 14.17903616 0.06990024 -0.155020635 14.28250062 0.45237681
IL-17
(△，#)

1852 6191.390014 3695.33485 1.189065973 13.42997839 1.55E-08 0.655147004 13.08457465 0.001740969

Fractalkine 8178.5 9523.721741 9077.265911 -0.332375102 14.70123468 0.106225155 -0.191018334 14.76946553 0.353118494
IL6 2123.5 3481.256418 2937.360112 0.16108776 12.9961818 0.440560022 0.1266271 12.98202987 0.54533581
MCP-1 18731.5 28843.89285 25305.49229 0.070730143 16.08911087 0.729983878 0.092540937 16.10421862 0.65156593
MIG 867.5 1016.464857 968.1503533 -0.323401902 11.47040412 0.135974172 -0.183050475 11.53886172 0.400420617
IL2 3297.5 4734.484599 3684.567574 -0.030233277 13.53282695 0.885169958 -0.181313528 13.46399337 0.382739353
IL4
(△)

16698.19906 37557.9211 27319.5 0.61735271 16.22901801 0.002662915 0.368793775 16.08759919 0.072134116

IL10 1393.478782 2132.772586 2018.5 0.061965756 12.33750922 0.771356606 0.193135604 12.41000868 0.36090833
TNF-alpha 3364.035341 5707.430401 4957.5 0.210573658 13.68584764 0.309239515 0.217970636 13.69373139 0.292898846
CD 30L 4733.967805 7821.883875 6192.5 0.172393806 14.15813096 0.403474552 0.046028371 14.09646217 0.824372901
SDF-1 2912.795259 3712.222414 3636 -0.202182532 13.27138062 0.330812079 -0.021493921 13.36224426 0.919129247
Leptin 852.6854927 1247.713832 895.5 -0.002867129 11.59718167 0.994365007 -0.270724408 11.47362757 0.212753303
TCA-3 18379.5 32845.33752 24797.89545 0.285520705 16.17576548 0.163522284 0.090676997 16.07589077 0.658156226
Lympho-

tactin
8563 10038.39564 8240.685591 -0.322724174 14.77178505 0.116644135 -0.396788717 14.74327567 0.053952547

IL3 2366.5 2766.613789 2669.858507 -0.326686893 12.91528062 0.117657461 -0.167426006 12.99219983 0.423236021
IL9 7427 8423.517701 8762.67167 -0.370419916 14.54547955 0.072066134 -0.102849835 14.67228499 0.617455043
Fas ligand 2135.766786 3601.429033 3292 0.201737481 13.02609795 0.333661521 0.282754314 13.07392892 0.175513217
IL-12p70 10105 19829.69183 12923.5288 0.420520338 15.38857162 0.040664112 0.013487944 15.17368425 0.948087205
Eotaxin-2 7001.5 12272.14302 9274.761094 0.257578905 14.76834363 0.210446107 0.064202451 14.67016265 0.755472773
BLC 8093.5 10247.09946 9353.645636 -0.211686113 14.74085423 0.303308546 -0.132675701 14.78193545 0.519018674
IFN-gamma 2314.5 3706.063918 2875.59928 0.127112934 13.10249817 0.542468029 -0.028279197 13.02740179 0.894055332
MIP-1 alpha 4953 5812.787622 5215.948823 -0.321133999 13.98285037 0.120002328 -0.266809024 14.01122887 0.196627422
TECK 2991 4302.544563 3217.599889 -0.027505772 13.39350498 0.895857778 -0.236076159 13.297915 0.256507275
I-TAC​ 2301 3570.148782 3011.473111 0.08165078 13.07049786 0.696372352 0.046763546 13.05661707 0.824343589
TIMP-2 3140 4205.278281 3519.841963 -0.13062781 13.41342654 0.52949902 -0.176689945 13.39559228 0.395384131
IL-12p40/

p70
3599 5392.081074 4321.821294 0.03117628 13.6897154 0.881365551 -0.07739689 13.6397933 0.709608734

Eotaxin 1443.5 2472.521332 2025.229818 0.224328333 12.47360787 0.286823139 0.1470612 12.43642831 0.486890662
LIX 21178.5 23301.394 25958.9991 -0.414250786 16.0381006 0.043426886 -0.047808043 16.21061707 0.81558409
IL-1 alpha 13803.5 19587.64872 18805.05763 -0.047158479 15.58953221 0.818309842 0.104643157 15.67009309 0.609949073
TIMP-1
(△，#)

3004.5 874.7523926 842.6493574 -2.332050817 12.67384591 4.13E-26 -2.175376988 12.70562429 4.06E-23

GCSF 20608.5 34644.83261 34003.11074 0.197330839 16.29311462 0.335312172 0.3809828 16.39799877 0.063103765
KC 19349 30665.54216 26883.09555 0.112289947 16.15733962 0.583582965 0.132996899 16.17202526 0.51622554
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Fig. 2   Bioinformatics analysis revealed that IL-17 was closely related 
to RVVC. A. Heatmap of DEGs among Control, Sap strong group 
and Sap weak group (n=1); B. Expression of DEGs in different 

experimental groups (n=1); C. qRT-PCR verified the DEGs (n=3). 
(* p<0.05, vs control group. # p<0.05, strong-Sap group vs weak-Sap 
group)

Fig. 3   Effect of Th17 inhibition on colony count and neutrophils in 
vaginal lavage fluid of RVVC mice. A. Flow cytometry showed HF 
dose-dependently decreased the number of Th17 cells in the blood 
of RVVC mice (n=6); B. HF intervention increased the colony 

count in vaginal lavage fluid of RVVC mice (n=6); C. HF interven-
tion reduced the neutrophil count in vaginal lavage fluid of RVVC 
mice. (Scale bar=50μm) (n=6). (*p<0.05, **p<0.01, ***p<0.001, 
****p<0.0001)
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lavage fluid of infected mice increased significantly and was 
proportional to the concentration of halofuginone (p<0.05) 
(Fig. 3B). On the contrary, the neutrophil count in vaginal 
lavage fluid of the halofuginone 0μg mice group was slightly 
decreased; however, the difference was not statistically 
significant compared with the control group (p>0.05). The 
higher the halofuginone concentration, the lower the number 
of neutrophils (p<0.05) (Fig. 3C).

HF Dose‑Dependently Downregulates Vaginal 
Epithelial IL‑17 Expression and Aggravates Vaginal 
Epithelial Injury

HE staining showed finger-like protruding vaginal folds 
of the mice in the control group, and inflammatory cells 
infiltrated the epithelium. After C. albicans infection, 
the thickness of the vaginal mucosa of mice in the HF 
0μg group was uneven, and inflammatory cell infiltration 
was observed in the epithelium. With the increase 

of halofuginone concentration, the infiltration of 
inflammatory cells in the vaginal epithelium decreased, 
but the vaginal folds were enlarged, and the damage was 
aggravated (Fig. 4A). After infection with C. albicans, 
the boundary of the basal layer of the vaginal epithelial 
mucosa in mice was unclear. Therefore, we measured 
IL-17, cleaved caspase-3 and apoptosis across the whole 
mucosal layer. Immunohistochemical staining showed no 
difference in the expression of IL-17 in vaginal epithelial 
cells between the halofuginone 0μg group and the control 
group (p>0.05). Vaginal epithelial IL-17 expression 
gradually decreased with increasing halofuginone 
concentration (p<0.05) (Fig. 4B). In addition, compared 
with the control group, the apoptosis rate of vaginal 
epithelial cells and the expression level of cleaved 
caspase-3 protein in epithelial cells were significantly 
increased in the infection group, demonstrating that HF 
treatment promotes apoptosis of mouse epithelial cells 
(p<0.05) (Fig. 4C–D).

Fig. 4   The protective effect of IL-17 on vaginal epithelium. A. HE 
staining was used to detect the injury of vaginal epithelium (n=6); 
B. HF dose-dependently down-regulates IL-17 expression in vaginal 
epithelial (n=6); C. Expression of Cleaved-Caspase3 in vaginal 

epithelium detected by immunohistochemistry (n=6); D. Detection 
of apoptotic cells in vaginal epithelium by Tunel staining (n=6). 
(*p<0.05, **p<0.01, ***p<0.001) (Scale bar=50μm)



3618	 Reproductive Sciences (2023) 30:3610–3622

1 3

The Relationship Between Intravaginal IL‑17 
and Neutrophils in Mice

Vaginal lavage fluids from control mice and infected mice 
(HF=0μg) were assessed for IL-17-producing neutrophils via 

flow cytometry. The result showed that the neutrophils in the 
vagina of infected mice (HF= 0μg) highly expressed IL-17 
compared with the control group (p<0.05) (Fig. 5A). The 
number of apoptotic neutrophils in vaginal lavage fluid was 
determined by TUNEL staining, and the results indicated 

Fig. 5   The relationship between IL-17 and vaginal neutrophils in 
RVVC mice. A. Flow cytometry was used to detect the expression of 
IL-17 in vaginal neutrophils of RVVC mice (n=3); B. TUNEL stain-
ing was used to detect neutrophil apoptosis in vaginal lavage fluid 

(n=3) (Scale bar=50μm). C. Western blotting was used to detect the 
expression of IL-17 and apoptosis-related proteins in vaginal lavage 
fluid (n=3). (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001)
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that the number of apoptotic neutrophils in the vagina of 
infected mice (HF=0μg) increased (p<0.05) (Fig.  5B). 
Western blotting (WB) detected the protein expression of 
IL-17, Fas, FasL, and cleaved caspase-3 of neutrophils in 
the vagina. The results showed that the expression level of 
these proteins was significantly up-regulated in the infected 
group (HF=0μg) (p<0.05) (Fig. 5C).

The Relationship Between IL‑17 and Neutrophils 
In Vitro

To further observe the role of IL-17 in recruiting neutro-
phils and promoting neutrophil apoptosis in RVVC mice, we 
isolated neutrophils from the whole blood of healthy mice. 
The neutrophils were cultured with different mediums: IL-
17(80ng/ml), IL-17+Ab(1/20), serum from healthy mice 
(Ctrl.serum) (1/20),and serum from RVVC mice (infection.
serum, HF=0μg)(1/20), respectively. Then, the migration of 
neutrophils was detected by Transwell assay, the apoptosis 
of neutrophils was detected by flow cytometry and Tunel 
staining, and western blotting detected the expression of 
apoptosis-related protein affected by IL-17. Our experiment 
found that the content of Th17 in the blood of infected mice 
was significantly higher than that of the uninfected control 
group (Fig. 3A). Due to IL-17 being the main effector factor 
of Th17 cells [19], the IL-17 content in the serum of infected 
mice was also higher than that of the uninfected control 
group. Therefore, we used the serum of infected mice and 
the serum of the control group to represent the high IL-17 
and low IL-17 groups, respectively. The results showed that 
the neutrophil cultured with infection serum had a higher 
apoptotic rate, migrate cell number, and apoptosis-related 
protein (FasL, Fas, and cleaved-caspase-3) expression lev-
els than neutrophil cultured with control serum(p<0.05) 
(Fig. 6A–G). In addition, compared with the neutrophil cul-
tured with IL-17, IL-17neutralization therapy resulted in a 
lower apoptotic rate, migrate cell number, and apoptosis-
related protein expression (p<0.05) (Fig. 6A–G).

Discussion

After the vaginal epithelium is infected with C. albicans, 
pattern recognition receptors on the surface of innate 
immune cells immediately bind to mannan on the surface of 
C. albicans; they then activate downstream signals to release 
cytokines and chemokines [20]. To maximize the informa-
tion content of a single sample and carry out upstream and 
downstream molecular analysis of cytokines, we used a 
cytokine antibody chip to analyze the mouse vaginal lav-
age solution and a qPCR for verification. As RVVC is an 
inflammatory disease, this study used the AAM-INF-1chip 
to discuss the role of inflammatory factors in RVVC. The 

results suggested that C. albicans with strong Sap can pro-
mote vaginal epithelium to secrete more IL-4 and IL-17, 
as discussed in existing literature [21]: Sap can encourage 
the host to produce corresponding cytokines. These experi-
mental data, along with our previous study [5], which found 
that IL-17 and IL-4 were found to be most highly expressed 
during infection with the strong Sap-expressing strains. At 
the same time, it was found that the high expression of IL-17 
was closely related to the low infection rate, suggest the 
IL-17 response is important in mediating protection [5].

IL-17 has been confirmed to be involved in various 
pathological processes such as tissue inflammation, 
autoimmunity, and host defense [22] and has become a research 
hotspot for therapeutic targets for many diseases [23, 24]. 
However, there are still few reports on their roles in VVC and 
RVVC. To confirm the protective mechanism of IL-17 in RVVC, 
we used different doses of halofuginone to construct mice with 
increasing levels of Th17 inhibition and then infected with C. 
albicans [18]. A strain with strong Sap, which can produce 
stronger host immunity, was used in the experiment. The study 
found that the more Th17 inhibition by halofuginone treatment, 
the less IL-17 was produced in the vaginal epithelial (Fig. 4), 
and the higher the fungal burden. At the same time, vaginal 
epithelial HE and immunohistochemical staining found that 
the mice with low Th17 content had more significant vaginal 
epithelial damage and excessive apoptosis. It was suggested that 
Th17 and IL-17 have a protective role in RVVC.

It is known that IL-17 can initiate, recruit, and activate 
neutrophils to participate in the inflammatory response 
and act on vaginal epithelial cells [25]. Our study also 
confirmed that IL-17 increases the chemotatic ability of 
neutrophils and that this is neutralized by addition of an 
IL-17 antibody (Fig. 6). At the same time, the serum of 
VVC mice containing high Th17 levels also had a stronger 
ability to recruit neutrophils than the serum of the uninfected 
control group. In vivo experiments found that a higher Th17 
response in mice was associated with an increased number 
of neutrophils but lower numbers of hyphae and spores in 
the vagina, supports the protective role of IL-17-recruited 
neutrophils in VVC. We speculate that although neutrophils 
recruited to the vagina may act on the vaginal epithelium to 
bring about inflammatory manifestations such as increased 
vaginal discharge, they also can kill C. albicans or synergize 
with IL-17 to fight against the C. albicans effect.

Taylor et al. [26] identified a class of neutrophils that 
produce IL-17 in an autocrine manner to enhance reactive 
oxygen species production and antifungal activity, mediating 
fungal killing in vitro and in vivo. Our study found that the 
IL-17 content of neutrophils in the vagina of RVVC mice 
increased, suggesting that neutrophils in the vagina can 
also secrete IL-17. However, this study did not determine 
whether IL-17 was first produced by Th cells or neutrophils. 
Furthermore, it was challenging to identify the pathways by 
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which neutrophil-secreted IL-17 secretion is regulated, and 
these issues warrant further study.

The neutrophil is one of the key players in the human 
innate immune system. Neutrophils form the first cellular 
protection against invasive pathogens. They interact with 
each other and trigger inflammatory cascade reactions, 
resulting in various local and systemic effects, such as 
cell recruitment and increased cytokine production. These 
conditions are conducive to the fight against microorganisms 
but also dangerous for the host. Therefore, it is important to 
keep inflammation within a safe framework, and neutrophil 
apoptosis is one of the known existing mechanisms to limit 
inflammatory response [27]. Wang et al. [28] found that in 
Streptococcus pneumoniae otitis media, IL-17 can recruit 
neutrophils and promote their apoptosis to participate in 
bacterial clearance. Sun’s research suggested that IL-17 can 

play an important role in liver injury through neutrophil 
infiltration and apoptosis [29]. However, the studies of 
neutrophil apoptosis in VVC and RVVC are limited. Our 
study found that compared with control mice, the content 
of IL-17 in neutrophils in the vagina of infected mice 
increased, and the apoptosis of neutrophils was enhanced 
too. Our data suggests that IL-17 in RVVC can promote 
the apoptosis of neutrophils in the vagina. To confirm 
this finding, we cultured mouse neutrophils in vitro and 
co-cultured them with IL-17, IL-17 antibody, control mouse 
serum, and C. albicans-infected mouse serum, respectively. 
The purpose of using the serum of infected mice and control 
mice is that the IL-17 content in the serum of infected mice 
is significantly higher than that of the control group, thus 
representing the high IL-17 group and the low IL-17 group. 
The results showed that the addition of recombinant IL-17 

Fig. 6   The relationship between IL-17 and blood neutrophils in vitro. 
A, B. Blood neutrophil apoptosis was detected by flow cytometry 
(n=3). C. Analysis of migrate cell number (n=3). D, E. TUNEL 
staining was used to detect blood neutrophil apoptosis under differ-

ent treatment conditions (n=3) (Scale bar=50μm). F, G. Western 
blotting was used to detect the expression of apoptosis-related pro-
teins in blood neutrophils (n=3). (*p<0.05, **p<0.01, ***p<0.001, 
****p<0.0001)



3621Reproductive Sciences (2023) 30:3610–3622	

1 3

or serum of infected mice increases neutrophil apoptosis. 
While we cannot rule out additional factors in infected 
serum that may be promoting neutrophil apoptosis, these 
data support the role of IL-17 in enhancing neutrophil 
apoptosis. We speculated that IL-17 could eliminate the 
recruited neutrophils by enhancing neutrophil apoptosis to 
protect the mice’s vaginal tissue.

Pietrella et al. also treated VVC mice with halofugi-
none and observed similar phenotypes, such as increased 
fungal burden and decreased IL-17. Their experiment also 
found that both vaginal epithelial cells and neutrophils 
in mice can secrete IL-17 [12]. In comparison, our study 
found that the decrease of Th17 in the blood of mice was 
accompanied by the aggravation of vaginal epithelial 
injury, which confirmed the protective effect of Th17 and 
IL-17 in RVVC. At the same time, we further investigated 
the dose-dependent relationship between IL-17 and neu-
trophils in the vagina by constructing RVVC mice with 
different Th17 concentrations and determined the role of 
IL-17 in promoting neutrophil apoptosis in RVVC mice.

A limitation of our research was that it was only carried 
out on mice. Fidel conducted an experiment on exogenous 
fungal infection in human volunteers, and the conclusion 
supports that the mouse model can replace female vaginal 
candidiasis [30]. However, different opinions remain. 
As we know, C. albicans is a normal component of the 
human vaginal microbiota, and Lactobacillus plays a 
role in women’s vaginal health, protecting them from 
Candidal infection. On the contrary, C. albicans does not 
exist in the mouse vagina, and the vaginal microbiota of 
mice is mainly composed of Proteobacteria, Firmicutes, 
Actinobacteria, Bacteroidetes, and Cyanobacteria [31, 
32]. At the same time, there is immune resistance and 
immune tolerance (46) in the human vaginal tract due to 
prior exposure to Candida species, while mice without 
any innate immunity to Candida are very sensitive to 
exogenous fungal infection [31]. These factors limit the 
study of the murine RVVC model.

In conclusion, IL-17 is a key protective factor in murine 
RVVC, and IL-17-mediated neutrophil apoptosis may 
contribute to the pathological process of RVVC mice. 
Further research, specifically including infected women, is 
urgently needed to verify these findings.
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