
MOLECULAR MEDICINE REPORTS  29:  106,  2024

Abstract. Polycystic ovary syndrome (PCOS) is a globally 
prevalent gynecological disorder among women of child‑
bearing age. The present study aimed to investigate the role 
of tenascin C (TNC) in PCOS and its potential mechanisms. 
Fasting blood glucose and serum insulin, the homeostasis 
model assessment of insulin resistance and the serum hormone 
levels were determined in PCOS rats. In addition, H&E 
staining was used for assessing pathology. In addition, the 
effects of TNC on oxidative stress and inflammation response 
in PCOS rat and cell models was assessed. Furthermore, 
the roles of TNC on KGN cell proliferation and apoptosis 
were determined employing EdU assay and flow cytometry. 
TLR4/NF‑κB pathway‑related proteins were measured using 
western blotting, immunofluorescence and immunohisto‑
chemistry. It was found that the mRNA and protein expression 
was upregulated in PCOS rats and in KGN cells induced by 
dihydrotestosterone (DHT). Knockdown of TNC relieved the 
pathological characteristics and the endocrine abnormalities 
of PCOS rats. Knockdown of TNC inhibited ovarian cell 
apoptosis, oxidative stress and inflammation in PCOS rats. 
Knockdown of TNC reversed the DHT‑induced reduction 
in cell proliferation and increase in apoptosis in KGN cells. 
Furthermore, knockdown of TNC alleviated oxidative stress 
and inflammatory responses induced by DHT in KGN cells. 
Additionally, knockdown of TNC inhibited the toll‑like 

receptor 4 (TLR4)/NF‑κB signaling pathway in PCOS rats 
and DHT‑treated KGN cells. In conclusion, knockdown of 
TNC could ameliorate PCOS in both rats and a cell model by 
inhibiting cell apoptosis, oxidative stress and inflammation via 
the suppression of the TLR4/NF‑κB signaling pathway.

Introduction

Polycystic ovary syndrome (PCOS), a common gynecological 
disease associated with both endocrine and metabolic disor‑
ders, has become a leading cause of anovulatory infertility 
among women of reproductive age globally (1,2). The patho‑
physiology associated with PCOS is multifaceted, including 
numerous characteristics such as hypothalamic‑pitu‑
itary‑ovarian axis dysfunction, which is induced by defects 
in steroidogenesis, insulin resistance (IR), fat deposition and 
hyperandrogenism (3). Approximately 75% of PCOS cases 
are associated with IR (4). Metabolic abnormalities, chronic 
inflammation and oxidative stress have been demonstrated 
to be related to IR in PCOS (5,6). Although PCOS research 
began in 1953, its heterogeneity has hindered a complete 
understanding of its pathogenesis (7). Therefore, elucidating 
PCOS pathogenesis will help improve the treatment of PCOS. 
Although there is no known cure for PCOS, there is an 
increasing interest in investigating the role of target genes in 
the diagnosis and management of PCOS (8‑10).

Tenascin C (TNC) is an important extracellular matrix 
glycoprotein and has numerous effects on cellular responses, 
including cell adhesion, motility, differentiation and growth (11). 
TNC is expressed at low levels in normal adult tissues (11). 
Notably, TNC expression is upregulated in specific patholog‑
ical conditions, including inflammation, infection, cancer and 
injury repair (12‑14). Ishizaki et al (15) reported that TNC was 
a critical underlying indicator in the severity of antineutrophil 
cytoplasmic antibody‑associated vasculitis. TNC has been 
demonstrated to accelerate hypoxia‑induced cardiac injury in a 
methyltransferase 3, N6‑adenosine‑methyltransferase complex 
catalytic subunit‑dependent manner  (16). In ankylosing 
spondylitis, inflammation‑induced aberrant expression of 
TNC accelerates entheseal new bone formation by repressing 
extracellular matrix adhesion forces and activating the Hippo 
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signaling pathway (17). In addition, TNC and multiple molec‑
ular cascades have been reported to regulate cellular responses 
in inflammation, tissue repair and even myocardial regenera‑
tion (18). Dumesic et al (19) observed high TNC expression in 
patients with PCOS compared with control patients, indicating 
that TNC may serve a role in PCOS. Since the importance of 
inflammation has attracted attention in PCOS pathophysiology, 
the present study focused on the effects of TNC in PCOS.

The present study investigated the effect of TNC PCOS 
in vivo and in vitro. Then, it further studied the mechanism by 
which TNC promoted PCOS in vivo and in vitro. The present 
study may contribute to an improved understanding of the 
molecular mechanism of PCOS and provide a promising target 
for PCOS treatment.

Materials and methods

Bioinformatics analysis. The GSE124226 dataset in the Gene 
Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.
gov/geo/) were analyzed for assessing TNC expression in PCOS 
patients and healthy people. To retrieve the signaling pathways 
regulated by TNC, the Gene Set Enrichment Analysis (GSEA) 
software (http://software.broadinstitute.org/gsea/index.
jsp) was conducted using Kyoto Encyclopedia of Genes and 
Genomes (KEGG) datasets (c2.cp.kegg.v2023.1.Hs.symbols.
gmt, https://www.gsea‑msigdb.org/gsea/msigdb/human/gene‑
sets.jsp?collection=CP:KEGG_MEDICUS).

Rat model of PCOS. A total of 20 female Sprague‑Dawley 
rats (3 weeks old, 50‑60 g) were supplied by Jinan Pengyue 
Experimental Animal Breeding Co., Ltd. All rats were housed 
at a controlled temperature of 25±2˚C in standard cages with 
55±15% humidity under a 12‑h light/dark cycle and given 
ad  libitum access to sterilized food and water for 1 week 
before the experiments. All animal procedures were over‑
seen and approved by the Ethical Committee of The Second 
Affiliated Hospital of Shandong First Medical University 
(no. 2021‑128; Taian, China). Rats were randomly assigned to 
four groups (n=5 each): Control, PCOS, PCOS + short hairpin 
RNA (shRNA/sh)‑negative control (NC) and PCOS + sh‑TNC. 
A rat PCOS model was induced using dehydroepiandrosterone 
(DHEA). Briefly, rats in the PCOS group were subcutane‑
ously injected daily with 60 mg/kg DHEA (MilliporeSigma) 
diluted with 0.2 ml sesame oil for 21 consecutive days. At the 
same time, the rats in the control group were injected with an 
equal volume of sesame oil (20‑23). Prior to DHEA injection 
to induce PCOS in rats, lentivirus carrying sh‑TNC or sh‑NC 
(10  µl; Shanghai GeneChem Co., Ltd.) was injected into 
the ovaries of rats. The shRNA sequences were as follows: 
sh‑TNC, 5'‑CGA​CAT​GTT​TAC​TAT​CGA​A‑3' and scrambled 
sh‑NC, 5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3'. At 3 weeks after 
the lentivirus injection, blood and ovaries of the rats were 
collected for the subsequent analyses. The humane endpoints 
of the present study were as follows: i) At least 10% weight 
loss with <40% food and water intake within 7 days following 
DHEA treatment; and ii) at least 20% weight loss without 
food or water intake with repeated or prolonged convulsions 
or ataxia at the end of 21 days of DHEA treatment. The rats 
were sacrificed using intraperitoneal injection of 250 mg/kg 
pentobarbital sodium. After respiratory and cardiac arrest, 

monitoring was continued for a further 5 min to confirm animal 
death. The whole experiment, including a week of acclimation, 
lasted 29 days. No rats succumbed during the present study. 
The animal health and behavior were monitored daily.

Determination of hormone and pro‑inflammatory cytokine 
levels. Rats were anesthetized by intraperitoneal injection of 
50 mg/kg pentobarbital sodium (24‑28), and then blood (2 ml) 
was collected from the abdominal aorta. After blood collection, 
the rats were euthanized immediately by intraperitoneal injec‑
tion of 250 mg/kg pentobarbital sodium. After respiratory and 
cardiac arrest, monitoring was continued for a further 5 min 
to confirm animal death. Serum levels of luteinizing hormone 
(LH), follicle‑stimulating hormone (FSH), testosterone, estra‑
diol and insulin, as well as the levels of pro‑inflammatory 
cytokines in ovarian tissues, were assessed using their corre‑
sponding ELISA kits (LH ELISA kit; cat. no. SEKR‑0091; 
Beijing Solarbio Science & Technology Co., Ltd.; FSH ELISA 
kit, SEKR‑0090; Beijing Solarbio Science & Technology Co., 
Ltd.; testosterone ELISA kit; cat. no. SEKSM‑0003; Beijing 
Solarbio Science & Technology Co., Ltd.; estradiol ELISA kit; 
cat. no. SEKR‑0107; Beijing Solarbio Science & Technology 
Co., Ltd.; insulin ELISA kit; cat. no. SEKR‑0033; Beijing 
Solarbio Science & Technology Co., Ltd.; TNF‑α ELISA kit; 
cat. no. EK0526; Wuhan Boster Biological Technology, Ltd.; 
IL‑1β ELISA kit; cat. no. EK0393; Wuhan Boster Biological 
Technology, Ltd.; IL‑6 ELISA kit; cat. no. EK0412; Wuhan 
Boster Biological Technology, Ltd.; IL‑18 ELISA kit, EK0592; 
Wuhan Boster Biological Technology, Ltd.), according to the 
manufacturer's protocol.

IR assay. The IR was assessed by the homeostasis model 
assessment of IR (HOMA‑IR)  (29), which was calculated 
as follows: Fasting blood glucose (FBG) x fasting serum 
insulin (FINS)/22.5. The rats were fasted for 12 h after the 
last DHEA administration and the blood glucose level was 
measured utilizing a Glucose Assay Kit (Beyotime Institute 
of Biotechnology).

Histology and immunohistochemistry staining. After being 
harvested from rats, the ovarian tissues were fixed in 4% para‑
formaldehyde buffer for 24 h at room temperature, embedded 
in paraffin and cut into 4‑µm‑thick slices. The sections were 
stained using hematoxylin for 8 min and eosin for 5 min at 
room temperature. Morphological changes in ovarian tissues 
were observed under a light microscope.

For immunohistochemistry, the ovarian tissues were fixed 
in 4% paraformaldehyde buffer for 24 h at room tempera‑
ture, embedded in paraffin and cut into 4‑µm‑thick slices. 
Following this, the slides were heated at 60˚C, then dewaxed 
by xylene and rehydrated by fractionated ethanol. The sections 
were incubated in hydrogen peroxide (3%, vol/vol) in PBS for 
20 min at 37˚C to block the endogenous peroxidase activity. 
After blocking of nonspecific activity with 5% goat serum 
(Oumarsi Biotech) for 60  min at room temperature, the 
sections were incubated with primary antibodies, including 
TNC (1:50; cat. no.  ab108930; Abcam), TLR4 (1:50; cat. 
no. 19811‑1‑AP; Proteintech Group, Inc.) and phosphorylated 
(p‑)NF‑κB (1:100; cat. no. SAB5700363; MilliporeSigma) 
antibodies, overnight at 4˚C. Subsequently, the slices were 
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incubated with a biotinylated secondary antibody (1:500; 
cat. no. ab7176; Abcam) for 1 h at room temperature. The 
sections were observed under a light microscope after staining 
with 3,3'‑diaminobenzidine (MilliporeSigma) for 5 min at 
room temperature and counterstaining with hematoxylin for 
60 sec at room temperature.

Measurement of malondialdehyde (MDA), reduced 
glutathione (GSH) and superoxide dismutase (SOD) levels. 
According to the manufacturer's protocol, the levels of MDA, 
GSH and SOD in ovarian tissues and cell culture superna‑
tants were determined using MDA content assay kit (Beijing 
Solarbio Science & Technology Co., Ltd.), GSH content assay 
kit (Beijing Solarbio Science & Technology Co., Ltd.) and SOD 
activity assay kit (Beijing Solarbio Science & Technology Co., 
Ltd.), respectively.

Reverse transcription‑quantitative PCR (RT‑qPCR). RNA 
was extracted from ovarian tissues and KGN cells using 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA 
was synthesized using the GoScript™ Reverse Transcription 
System (Promega Corporation) for 60 min at 42˚C. RT and 
qPCR were performed using the Hifair III One‑Step RT‑qPCR 
SYBR Green Kit (Shanghai Yeasen Biotechnology Co., Ltd.). 
β‑actin was used as the endogenous control. The thermocy‑
cling conditions were: 95˚C for 5 min, followed by 40 cycles 
at 95˚C for 10 sec and 60˚C for 30 sec. The following primers 
were used: Rat TNC forward, 5'‑TCT​CTG​GAA​TTG​CTC​CCA​
GC‑3' and reverse, 5'‑TTC​CGG​TTC​AGC​TTC​TGT​GG‑3'; 
human TNC forward, 5'‑GGG​GGT​GGA​TGG​ATT​GTG​TT‑3' 
and reverse, 5'‑CTT​CTC​TGC​GGT​CCC​CAA​AT‑3'; human 
TNF‑α forward, 5'‑CCC​CAG​GGA​CCT​CTC​TCT​AA‑3' and 
reverse, 5'‑GCT​TGA​GGG​TTT​GCT​ACA​ACA‑3'; human 
IL‑1β forward, 5'‑GCC​CTA​AAC​AGA​TGA​AGT​GCTC‑3' and 
reverse, 5'‑CCA​TGG​CCA​CAA​CAA​CTG​AC‑3'; human IL‑6 
forward, 5'‑CTC​CTT​CTC​CAC​AAG​CGC​C‑3' and reverse, 
5'‑GAT​GCC​GTC​GAG​GAT​GTA​CC‑3'; human IL‑18 forward, 
5'‑TTG​ACC​AAG​GAA​ATC​GGC​CT‑3' and reverse, 5'‑GTC​
CGG​GGT​GCA​TTA​TCT​CT‑3'; rat β‑actin forward, 5'‑GCC​
TTC​CTT​CCT​GGG​TAT​GG‑3' and reverse, 5'‑AAT​GCC​TGG​
GTA​CAT​GGT​GG‑3'; and human β‑actin forward, 5'‑GAT​
TCC​TAT​GTG​GGC​GAC​GA‑3' and reverse, 5'‑AGG​TCT​
CAA​ACA​TGA​TCT​GGG​T‑3'. The 2‑ΔΔCq method was used to 
calculate the mRNA expression level (30).

Western blotting. RIPA buffer (Thermo Fisher Scientific, 
Inc.) was applied to lyse the cells and ovarian tissues to 
obtain proteins. The protein was quantified using a BCA 
kit (Beyotime Institute of Biotechnology). Next, 10% 
SDS‑PAGE was employed to separate the protein samples 
(50 µg). Subsequently, the protein bands were transferred 
onto a PVDF membrane (Bio‑Rad Laboratories, Inc.). After 
blocking with 5% non‑fat milk at room temperature for 1 h, the 
membranes were incubated with the corresponding primary 
antibodies, including TNC (1:500; cat. no. ab108930; Abcam), 
Bcl‑2 (1:1,000; cat. no. ab196495; Abcam), cleaved caspase‑3 
(1:1,000; cat. no. 9661; Cell Signaling Technology, Inc.), TLR4 
(1:1,000; cat. no. 19811‑1‑AP; Proteintech Group, Inc.), NF‑κB 
(1:1,000; cat. no.  8242; Cell Signaling Technology, Inc.), 
p‑NF‑κB (1:500; cat. no. SAB5700363; MilliporeSigma) and 

anti‑GAPDH (1:2,000; cat. no. ab181602; Abcam) antibodies, 
at 4˚C overnight. After washing with TBST (TBS + 0.1% 
Tween‑20) three times for 5 min each, the membranes were 
incubated with horseradish peroxidase‑conjugated secondary 
antibody (1:5,000; cat. no. SA00001‑2; Proteintech Group, 
Inc.) for 1 h at room temperature. Protein bands were visu‑
alized by incubation with an enhanced chemiluminescence 
reagent (Beyotime Institute of Biotechnology). Finally, the 
bands were quantified using Quantity One 4.1.1 gel analysis 
software (Bio‑Rad Laboratories, Inc.). GAPDH was used as 
the loading control.

Cell treatments. KGN human granulosa cells were obtained 
from Procell Life Science & Technology Co., Ltd. and incu‑
bated in DMEM/F12 (Procell Life Science & Technology Co., 
Ltd.) at 37˚C with 5% CO2. The medium contained 10% FBS 
(Thermo Fisher Scientific, Inc.) and 100 U/ml penicillin/strep‑
tomycin (Thermo Fisher Scientific, Inc.). The PCOS cell 
model was established by treating cells with dihydrotestos‑
terone (DHT) solution (500 nM) for 24 h. Next, 100 nM small 
interfering RNA (siRNA/si)‑TNC and 100 nM si‑NC (both 
TsingKe Biological Technology) were transfected into KGN 
cells for 48 h at 37˚C using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). The medium was replaced with 
fresh medium and the cells were cultured for another 24 h. The 
siRNA sequences were as follows: si‑TNC, sense 5'‑CGG​UGU​
AUA​UUA​AGU​GCU​AGU‑3' and antisense 5'‑UAG​CAC​UUA​
AUA​UAC​ACC​GGG‑3'; and si‑NC, sense 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT‑3' and antisense 5'‑ACG​UGA​CAC​GUU​
CGG​AGA​ATT‑3'.

5‑ethynyl‑2'‑deoxyuridine (EdU) assay. Proliferation 
was evaluated using an EdU Apollo DNA in  vitro kit 
(Guangzhou RiboBio Co., Ltd.). Briefly, treated KGN cells 
(5x103 cells/well) were plated in 24‑well plates and incubated 
for 24 h and cultured with 50 µM EdU for 120 min at room 
temperature. Following fixing with 4% paraformaldehyde for 
30 min at room temperature and permeabilizing with 0.3% 
Triton X‑100 for 10 min, KGN cells were stained with DAPI 
at room temperature in the dark for 20 min. The positive 
cells were observed under a fluorescence microscope and 
captured images were analyzed using ImageJ software v1.51 
(National Institutes of Health).

Flow cytometry. The treated KGN cells were resuspended in 
binding buffer, and Annexin V‑FITC (5 µl) and propidium 
iodide (5 µl) staining solutions (BD Biosciences) were added to 
the cell suspension. Next, the cells were incubated for 15 min 
at room temperature in a dark room, followed immediately 
by flow cytometry using a FACScan flow cytometry system 
(Becton, Dickinson and Company). The data were analysed 
using FlowJo software (v7.6.5; FlowJo, LLC).

Immunofluorescence assay. The treated KGN cells were 
washed using PBS, fixed in 4% paraformaldehyde for 30 min at 
room temperature, and permeabilized with 0.3% Triton X‑100 
on ice. After washing three times with PBS, the cells were 
blocked with 3% bovine serum albumin (MilliporeSigma) 
for half an hour at room temperature. Next, KGN cells were 
incubated at 4˚C overnight with primary antibodies, including 
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TLR4 (1:50; cat. no. 19811‑1‑AP; Proteintech Group, Inc.) 
and p‑NF‑κB (1:100; cat. no. SAB5700363; MilliporeSigma) 
antibodies. The following day, KGN cells were incubated 
with the goat anti‑rabbit IgG H&L (Alexa Fluor® 488; cat. 
no. ab150077; 1:500; Abcam) for 2 h at room temperature, 
followed by washing with PBS. Finally, cells were coun‑
terstained with DAPI for 10 min at room temperature and 
images were captured under a fluorescence microscope.

Statistical analysis. SPSS 22.2 (IBM Corp.) and GraphPad 
Prism 8.0 (Dotmatics) were employed to perform statistical 
analyses. An unpaired Student's t‑test or one‑way or two‑way 
ANOVA with Tukey's post hoc test was utilized for group 
comparisons. All experiments were repeated three times. Data 
are presented as the mean ± SD. P<0.05 was considered to 
indicate a statistically significant difference.

Results

TNC is highly expressed in PCOS rats. Based on analysis 
of the Gene Expression Omnibus dataset GSE124226, TNC 
mRNA expression was significantly upregulated in the patients 
with PCOS compared with the healthy controls (Fig. 1A). 
Additionally, the TNC mRNA levels were higher in PCOS rats 
than in control rats (Fig. 1B). Similarly, immunohistochem‑
istry and western blotting further demonstrated that TNC 
protein expression was upregulated in the ovarian tissues of 
PCOS rats (Fig. 1C and D).

Knockdown of TNC relieves the pathological characteristics 
and the endocrine abnormalities of PCOS rats. As shown 
in Fig. 2A, the TNC level was significantly increased in the 

PCOS group compared with the control group. Compared 
with that in the PCOS + sh‑NC group, the TNC level was 
reduced in the PCOS + sh‑TNC group (Fig. 2A). IR is a 
key indicator of PCOS (31). The concentrations of FBG and 
FINS, and the HOMA‑IR index were elevated in the PCOS 
group compared with the control group (Fig. 2B‑D). The 
elevated FBG and FINS concentrations, and HOMA‑IR 
index were reduced by injection of sh‑TNC (Fig. 2B‑D). 
Additionally, knockdown of TNC markedly reversed the 
elevated LH, testosterone and estradiol levels induced by 
DHEA, but did not affect FSH (Fig. 2E‑H). H&E staining 
was used to explore the morphological changes in the 
ovaries (Fig.  2I). Cystic dilatation of follicles, reduced 
corpus luteum, increased atretic follicles and a thin layer 
of granulosa cells were observed in the PCOS group 
compared with the control group (Fig. 2I). Notably, these 
phenotypes were improved in the group injected with 
sh‑TNC (Fig. 2I).

Knockdown of TNC inhibits ovarian cell apoptosis, oxidative 
stress and inflammation in PCOS rats. Western blotting 
demonstrated that knockdown of TNC significantly coun‑
teracted the decrease in Bcl‑2 expression and the increase 
in cleaved caspase‑3 expression caused by DHEA (Fig. 3A). 
Furthermore, upregulation of MDA and knockdown of GSH 
and SOD in PCOS rats were reversed by the injection of 
sh‑TNC (Fig. 3B). The results of ELISAs showed that the 
elevated levels of TNF‑α, IL‑1β, IL‑6 and IL‑18 in PCOS rats 
were neutralized by the administration of sh‑TNC (Fig. 3C). 
Overall, these data indicated that TNC knockdown could 
effectively inhibit ovarian cell apoptosis, oxidative stress and 
inflammation in PCOS rats.

Figure 1. TNC is highly expressed in PCOS rats. (A) TNC levels in tissues from patients with PCOS and control normal tissues from the Gene Expression Omnibus 
dataset GSE124226. (B) TNC levels in PCOS rats and normal rats were detected using reverse transcription‑quantitative PCR. (C) Immunohistochemistry to 
assess TNC expression in PCOS rats and normal rats. (D) Western blotting to detect TNC expression in PCOS rats and normal rats. *P<0.05, compared with 
control group. PCOS, polycystic ovary syndrome; TNC, tenascin C.
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Knockdown of TNC inhibits the activation of the 
TLR4/NF‑κB pathway in PCOS rats. As shown in Fig. 4A, 
Kyoto Encyclopedia of Genes and Genomes analysis demon‑
strated that TNC inhibited the TLR pathway. Compared 
with those of the control group rats, TLR4 and p‑NF‑κB 
levels were elevated in PCOS group rats (Fig. 4B). TLR4 and 
p‑NF‑κB levels in PCOS + sh‑TNC group rats were lower than 
those in PCOS + sh‑NC group rats (Fig. 4B). The results of 
immunohistochemistry further confirmed this observation 
(Fig. 4C). All results suggested that knockdown of TNC could 
inhibit the activation of the TLR4/NF‑κB signaling pathway 
in PCOS rats.

Knockdown of TNC reverses the reduced cell proliferation 
and the elevated cell apoptosis in KGN cells induced by 
DHT in vitro. As shown in Fig. 5A, TNC mRNA expression 
was significantly decreased in the control + si‑TNC group 
compared with the control + si‑NC group. The results in 
Fig. 5B demonstrated that the TNC level was higher in the 
DHT group than the control group. Compared with that in the 

DHT + si‑NC group, the TNC level was significantly reduced 
in the DHT + si‑TNC group (Fig. 5B). Additionally, the results 
of the EdU assay and flow cytometry demonstrated that TNC 
silencing notably reversed the DHT‑induced reduction in cell 
proliferation and increase in apoptosis (Fig. 5C and D). In addi‑
tion, TNC silencing significantly reversed the DHT‑induced 
decrease in Bcl‑2 expression and increase in cleaved caspase‑3 
expression in KGN cells (Fig. 5E).

Knockdown of TNC alleviates the oxidative stress and inflam‑
matory response in KGN cells induced by DHT in  vitro. 
Elevated MDA levels, and downregulated GSH and SOD 
levels were observed in the DHT group compared with the 
control group; these phenotypes were reversed by silencing of 
TNC (Fig. 6A). In addition, the silencing of TNC significantly 
attenuated the increased expression levels of TNF‑α, IL‑1β, 
IL‑6 and IL‑18 in KGN cells induced by DHT (Fig.  6B). 
Together, these data indicated that knockdown of TNC could 
alleviate the DHT‑induced oxidative stress and inflammatory 
response in KGN cells.

Figure 2. Knockdown of TNC relieves the pathological characteristics and the endocrine abnormalities of PCOS rats. (A) TNC levels in different groups were 
detected using reverse transcription‑quantitative PCR. (B) Fasting blood glucose, (C) fasting serum insulin and (D) HOMA‑IR in different groups. ELISAs 
detecting the serum levels of (E) LH, (F) FSH, (G) testosterone and (H) estradiol. (I) H&E staining in different groups. C, corpora luteum; F, cyst‑like follicles. 
*P<0.05 vs. control group; #P<0.05 vs. PCOS + sh‑NC group. FSH, follicle‑stimulating hormone; HOMA‑IR, homeostasis model assessment of insulin resis‑
tance; LH, luteinizing hormone; NC, negative control; PCOS, polycystic ovary syndrome; sh, short hairpin RNA; TNC, tenascin C.
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Knockdown of TNC inhibits the activation of the TLR4/NF‑κB 
signaling pathway in DHT‑treated KGN cells in vitro. As 
shown in Fig. 7A, the levels of TLR4 and p‑NF‑κB were signif‑
icantly increased in the DHT group compared with the control 
group. When compared with those in the DHT + si‑NC group, 
the levels of TLR4 and p‑NF‑κB were significantly decreased 
in the DHT + si‑TNC group (Fig. 7A). This observation was 
also confirmed by immunofluorescence (Fig.  7B  and  C). 
Overall, knockdown of TNC could inhibit the activation of the 
TLR4/NF‑κB signaling pathway in DHT‑treated KGN cells.

Discussion

PCOS is a complex reproductive hormonal imbalance disease 
in women, with an incidence rate of 5‑20% worldwide, which 

causes a high rate of infertility  (2,32). Currently, in  vitro 
fertilization and embryo transfer are common treatments for 
patients with failed pregnancies using ovulation induction (33). 
However, this places heavy physical, mental and financial 
burdens on patients. Thus, it is important to identify novel 
diagnostic and therapeutic biomarkers for PCOS. The present 
study revealed that knockdown of TNC could ameliorate PCOS 
in rat and cell models by inhibiting cell apoptosis, oxidative 
stress and inflammation, and attenuating IR via suppression of 
the activation of the TLR4/NF‑κB signaling pathway.

PCOS is generally considered to be closely related to 
hyperandrogenemia, IR, chronic inflammation and oxida‑
tive stress (5,34,35). IR has been found in 75% of patients 
with PCOS  (4). In the present study, knockdown of TNC 
significantly reduced the HOMA‑IR index in PCOS rats. 

Figure 3. Knockdown of TNC inhibits ovarian cell apoptosis, oxidative stress and inflammation in PCOS rats. (A) Western blot analysis of Bcl‑2 and cleaved 
caspase‑3 in rats of different groups. (B) MDA, GSH and SOD levels in rats of different groups. (C) TNF‑α, IL‑1β, IL‑6 and IL‑18 levels in rats of different 
groups. *P<0.05 vs. control group; #P<0.05 vs. PCOS + sh‑NC group. GSH, glutathione; MDA, malondialdehyde; NC, negative control; PCOS, polycystic ovary 
syndrome; sh, short hairpin RNA; SOD, superoxide dismutase; TNC, tenascin C.
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Additionally, knockdown of TNC markedly reversed the eleva‑
tion of LH, testosterone and estradiol levels induced by DHEA. 
Oxidative stress has been reported to serve an important role 
in PCOS (36). Circulating oxidative biomarkers are increased 
in women with PCOS compared with controls (5). The present 
study found that knockdown of TNC reversed the elevation of 
MDA levels and reduction of GSH and SOD levels in PCOS 
rats and DHT‑induced KGN cells. An increasing number of 

studies have demonstrated that chronic inflammation contrib‑
utes to the progression of PCOS (37‑39). The principal markers 
of the inflammatory state include C‑reactive protein, TNF‑α, 
IL‑1β, IL‑6 and IL‑18 (32). In the present study, knockdown 
of TNC significantly reversed the increase in expression of 
pro‑inflammatory cytokines in rat and cellular PCOS models. 
These data suggested that TNC may be a promising novel 
target for the development of targeted therapies for PCOS.

Figure 4. Knockdown of TNC inhibits the activation of the TLR4/NF‑κB pathway in PCOS rats. (A) KEGG analysis demonstrated that TNC promoted the 
TLR4/NF‑κB signaling pathway. (B) Western blot analysis of TLR4, p‑NF‑κB and NF‑κB in rats of different groups. (C) Immunohistochemistry to assess 
TLR4 and p‑NF‑κB levels in rats of different groups. *P<0.05 vs. control group; #P<0.05 vs. PCOS + sh‑NC group. KEGG, Kyoto Encyclopedia of Genes and 
Genomes; NC, negative control; p‑, phosphorylated; PCOS, polycystic ovary syndrome; sh, short hairpin RNA; TLR4, toll‑like receptor 4; TNC, tenascin C.
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Figure 6. Knockdown of TNC alleviates the oxidative stress and inflammatory response in KGN cells induced by DHT. (A) MDA, GSH and SOD levels in 
KGN cells of different groups. (B) TNF‑α, IL‑1β, IL‑6 and IL‑18 levels in KGN cells of different groups. *P<0.05 vs. control group; #P<0.05 vs. DHT + si‑NC 
group. DHT, dihydrotestosterone; GSH, glutathione; MDA, malondialdehyde; NC, negative control; si, small interfering RNA; SOD, superoxide dismutase; 
TNC, tenascin C.

Figure 5. Knockdown of TNC reverses the reduced proliferation and elevated apoptosis in KGN cells induced by DHT. (A) TNC levels in different groups 
were detected using RT‑qPCR in KGN cells without DHT treatment but knockdown of TNC. (B) TNC levels in different groups were detected using RT‑qPCR 
in KGN cells with DHT treatment and knockdown of TNC. (C) EdU assay to evaluate proliferation. (D) Flow cytometry was utilized to evaluate apoptosis. 
(E) Western blot analysis of Bcl‑2 and cleaved caspase‑3 in KGN cells of different groups. *P<0.05 vs. control group; #P<0.05 vs. DHT + si‑NC group. DHT, 
dihydrotestosterone; EdU, 5‑ethynyl‑2'‑deoxyuridine; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering RNA; 
TNC, tenascin C.
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There are some studies on the roles of TNC in the treat‑
ment of multiple diseases via regulation of cell apoptosis, 
oxidative stress and inflammatory responses  (16,40‑43). 
Knockdown of TNC has been reported to suppress 

inf lammation and apoptosis via the PI3K/Akt/NF‑κB 
signaling pathway in subarachnoid hemorrhage (44). TNC 
enhances the pro‑inf lammatory phenotype of macro‑
phages (45). Yonebayashi et al (46) demonstrated that TNC 

Figure 7. Knockdown of TNC inhibits the activation of the TLR4/NF‑κB signaling pathway in DHT‑treated KGN cells. (A) Western blot analysis of TLR4, 
p‑NF‑κB and NF‑κB in KGN cells of different groups. (B) Immunofluorescence analysis to assess TLR4 expression in KGN cells of different groups 
(C) Immunofluorescence analysis to assess p‑NF‑κB expression in KGN cells of different groups. *P<0.05 vs. control group; #P<0.05 vs. DHT + si‑NC group. 
DHT, dihydrotestosterone; NC, negative control; p‑, phosphorylated; si, small interfering RNA; TLR4, toll‑like receptor 4; TNC, tenascin C.

Figure 8. A schematic diagram showing the findings of the present study. Knockdown of TNC ameliorates PCOS by inhibiting cell apoptosis, oxidative stress 
and inflammation, and attenuating IR via suppression of the TLR4/NF‑κB signaling pathway. IR, insulin resistance; PCOS, polycystic ovary syndrome; TLR4, 
toll‑like receptor 4; TNC, tenascin C
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upregulation promoted the levels of proinflammatory cyto‑
kines/chemokines in mouse hearts and increased mortality 
rates during the acute stage after myocardial infarction. 
Furthermore, increased expression of TNC is considered 
to induce inflammatory mediators and accelerate matrix 
degradation in osteoarthritis cartilage  (47). These afore‑
mentioned observations are consistent with the results of the 
present experiments, in which knockdown of TNC was able 
to alleviate inflammation and inhibit apoptosis and oxida‑
tive stress in PCOS.

A n  i n c r e a s i n g  n u m b e r  o f  s t u d i e s  h a ve 
reported that multiple signaling cascades, such as 
TGF‑β/Smad‑3/4, TLR4/NF‑κB, platelet derived growth 
factor subunit B (PDGFB)/phosphoinositide 3‑kinase/Akt 
and PDGFB/mitogen activated kinase‑like protein, could 
regulate TNC expression (45,48,49). TLR4 has been verified 
to serve a vital role in proinflammatory signaling and may 
contribute to the progression of PCOS (50,51). TNC func‑
tions as a damage‑associated molecular pattern and is one 
of the ligands of TLR4 (52,53). TLR4 recruits a sequence 
of downstream adaptors and further activates downstream 
mediators, including NF‑κB (54). Consequently, numerous 
pro‑inflammatory cytokines are produced (55,56). A number 
of studies have confirmed that TLR4/NF‑κB signaling 
activation could promote the development of PCOS (57,58). 
For example, cryptotanshinone could alleviate PCOS in rats 
by modulating the high mobility group box 1/TLR4/NF‑κB 
signaling pathway (59). Sitagliptin combined with rosigli‑
tazone inhibited TLR4/NF‑κB signaling, thereby repressing 
autophagy and inflammation in PCOS rats  (60). Notably, 
TNC exerts pro‑inflammatory effects via the activation 
of TLR4 (61). In the present study, TNC knockdown could 
inhibit the activation of the TLR4/NF‑κB signaling pathway 
in PCOS rat and cell models.

In conclusion, the present study revealed that knock‑
down of TNC ameliorated PCOS in rat and cell models by 
inhibiting cell apoptosis, oxidative stress and inflammation, 
and attenuating IR via suppression of the activation of the 
TLR4/NF‑κB signaling pathway (Fig. 8). These findings may 
help reveal a novel role of TNC in the development of PCOS. 
The present study has some limitations. Firstly, further studies 
are required to identify other potential mechanisms of TNC 
that are involved in PCOS. Secondly, TNC expression in 
clinical samples, and the relationship between TNC expression 
in PCOS and clinical features, including infertility, should be 
explored and analyzed in future experiments. Additionally, 
whether TNC may promote PCOS development in humans 
by mediating the TLR4/NF‑κB signaling pathway needs to be 
further verified.
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