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Abstract. obstructive sleep apnea syndrome (oSaS) is a 
common and complex disorder that is associated with liver 
injury. Moreover, previous studies have revealed that chronic 
intermittent hypoxia (ciH) is associated with the develop-
ment of non‑alcoholic fatty liver disease and hepatic fibrosis. 
However, the underlying molecular mechanisms remain largely 
unknown. The present study aimed to investigate whether 
chronic intermittent hypoxia induced hepatic fibrosis, in addi-
tion to determining its underlying mechanisms, in ciH model 
rats using immunohistochemistry, western blotting and reverse 
transcription-quantitative Pcr. The present results suggested 
that CIH caused hepatic fibrosis and increased the expression 
levels of interleukin (il)-1β, il-8, monocyte chemotactic-1, 
tumor necrosis factor-α, intercellular adhesion molecule-1 and 
vascular cell adhesion molecule-1 in the liver; these conditions 
could be reversed by Toll-like receptor 4 (Tlr4) short hairpin 
rna lentivirus treatment. Moreover, immunohistochemistry 
and western blotting results indicated that Tlr4 and nF-κB 
expression levels were significantly increased in the CIH and 
ciH-Tlr4 empty vector lentivirus group. However, protein 
expression levels of Tlr4, nF-κB, inhibitor of nF-κB and 
phosphorylated-mitogen-activated protein kinase (MaPK)-1 
in the hypoxia/reoxygenation group were significantly higher 
compared with the control group (P<0.05), and these results were 
reversed by the MaPK inhibitor u0126 in vitro. collectively, 
the present preliminary results suggested that inflammation and 
the Tlr4/nF-κB/MaPK signaling pathway may be involved in 
CIH‑induced liver fibrosis.

Introduction

obstructive sleep apnea syndrome (oSaS) is a common and 
complex disorder consisting of complete or partial upper 
airway obstruction and sleep fragmentation, affecting >4% 
of the world's general population and 30-45% of patients with 
obesity (1-3). as a result of upper airway collapse, oSaS 
causes repeated nocturnal hypoxia and alternate episodes of 
normoxia, such chronic intermittent hypoxia (ciH) during 
sleep, resembling the pathophysiologic mechanisms in 
ischemia/reperfusion multi-organ injury, which can trigger 
cardiovascular morbidity, lung injury and chronic kidney 
disease (4-7). Moreover, previous studies have reported that 
ciH contributes to the pathogenesis of non-alcoholic fatty 
liver disease and exacerbates liver fibrogenesis (2‑8). However, 
the underlying mechanisms of hepatic fibrosis in patients with 
oSaS are not fully understood.

epidemiological studies and clinical investigations have 
shown that oSaS is a type of chronic and mild systemic 
inflammatory response disease (8,9). For example, inflam-
matory factors such as interleukin (il)-β, il-6, il-18, tumor 
necrosis factor-α (TnF-α), interferon-γ and c-reactive protein 
(crP) can be detected at high levels in the blood of patients 
with oSaS (10,11). Furthermore, ryan and Mcnicholas (11) 
revealed a significant positive association between serum 
TnF-α levels and oSaS severity, with higher serum levels 
of TnF-α in patients with oSaS compared with non-oSaS 
subjects. in addition, drager et al (12) reported that the 
expression of crP declined in adult patients with oSaS after 
effective treatment with continuous positive airway pressure. 
Therefore, these findings suggest that CIH may be associated 
with inflammation and may contribute to the increased inci-
dence of liver fibrogenesis in patients with OSAS. However, 
although several studies have closely linked ciH to systemic 
inflammation, the mechanism of this association has not been 
fully established.

Recent studies have shown that inflammation is associ-
ated with innate immune activation, including that involving 
Toll-like receptors (Tlrs) and its underlying signal 
pathway (13,14). Tlrs belong to a class of receptors with 
well-known pattern recognition, and can accurately perceive 
pathogens and bacterial-derived molecules (15). Moreover, 
activation of TLRs can lead to inflammatory responses, thus 
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increasing the production of proinflammatory cytokines (16). 
Tlr4, a typical representative of Tlrs, mediates both 
innate and adaptive immune responses and plays an essen-
tial role in promoting inflammation activation (14,17). It has 
also been reported that Tlr4 can trigger the main adaptor 
protein, myeloid differentiation factor 88 (Myd88)-dependent 
pathway, leading to rapid activation of the classical nF-κB 
and mitogen-activated protein kinase (MaPK) signaling 
pathway, which upregulates the transcription and translation 
of proinflammatory genes, such as IL‑1β, il-6, il-8, il-18 
and TnF-α (18,19). Previous studies have revealed that CIH 
can increase mrna and protein expression levels of Tlr4 in 
the heart and hypothalamus of rats, and can induce myocar-
dial remodeling and neuronal cell damage in hippocampus, 
which may be involved in CIH‑induced inflammation (20,21). 
Furthermore, it has been shown that Tlr4 expression in 
the serum of patients with OSAS is significantly increased 
compared with healthy individuals (22). However, the relation-
ship between abnormal expression of Tlr4 and the severity 
of liver injury in patients with oSaS has not been fully eluci-
dated, and there is limited information on the downstream 
changes of Tlr signal transduction after ciH exposure.

The aims of the present study were as follows: i) To inves-
tigate whether CIH exposure can induce similar liver fibrosis 
pathological changes in rats as in patients with oSaS; ii) to 
examine whether ciH affects proinflammatory cytokine 
production in the liver; and iii) to identify the underlying 
molecular mechanisms and signaling pathways that may be 
involved in CIH‑induced liver fibrosis.

Materials and methods

Animals. a total of 24 adult male Sprague-dawley rats (age, 
9 weeks; weight, 200±10 g) were purchased from Shanghai 
Xipuer-Bikai laboratory animal co., ltd. rats were fed 
and housed in a standard pathogen-free environment with a 
12 h light/12 h dark cycle (7:00 a.m. lights on and 7:00 p.m. 
lights off automatically). The rats were provided with special 
compound diet and sterilization water ad libitum. room 
temperature and humidity were controlled at ~23±2˚C and 
50±10%, respectively. All animal procedures were approved 
by the ethical committee of experimental animals of Fujian 
Medical university and The Second affiliated Hospital 
of Fujian Medical university. animal experiments were 
carried out in accordance with animal welfare requirements 
and the Guidelines for the care and use of laboratory 
animals published by the P.r. china Ministry of Health 
(January 25, 1998) (23).

CIH animal model construction and experimental design. 
rats were divided into the control (con) group (n=6), ciH 
group (n=6), ciH + Tlr4 short hairpin (sh)rna lentivirus 
group (ciH-Tlr4) (n=6) and ciH + Tlr4 empty vector 
lentivirus group (ciH-Vector) (n=6). Firstly, 10 µl (2x106 
Tu/µl) Tlr4 shrna lentivirus (5'-GaT ccG cac TcT T 
GaT TGc aGT TTc aTT caa GaG aTG aaa cTG caa Tca 
Ga GTG cTT TTT TG-3'), scrambled Tlr4 shrna (5'-GTa 
GcT aaa TGaT Gaa caa caT GGc cTT aTa TcT ccT aGT 
aaT cTT cGT GGc TTc GTa GTG aT-3') and Tlr4 shrna 
empty vector lentivirus (Shanghai GenePharma co., ltd.) 

were separately injected into the rats of the ciH-Tlr4 group, 
con group or ciH-Vector group, respectively, via the tail vein. 
after 1 week of recovery, each rat was placed in a transparent 
plastic container (length, 40 cm; width, 30 cm; height, 18 cm), 
which was connected to a device for controlling o2 concentra-
tion and pressure (Puhe Biotechnology). For consistency with 
the rat sleep cycle, the experimental time was set from 8:00 
to 20:00 every day. rats in the con group were supplied with 
air, whereas those in the ciH, ciH-Tlr4 and ciH-Vector 
group were subjected to intermittent hypoxia treatment, by 
injecting 95% N2 for 20 sec to rapidly reduce o2 concentration 
to 7.4-7.8%. container pressure was reduced to 600 mmHg. 
The set-up was held for 12 sec, and then injected with air for 
28 sec to recover o2 concentration to 21% and achieve normal 
air pressure. The entire experiment lasted for 4 weeks.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). after ciH modeling, all rats were anesthetized 
(sodium pentobarbitone, 40 mg/kg) and sacrificed by exsan-
guination. a small piece of liver in each group was quickly 
cut and removed. rna was extracted using a rneasy Mini 
kit (Qiagen GmbH) following the manufacturer's protocol and 
stored at ‑80˚C for subsequent use. Total RNA was reverse 
transcribed into cDNA at 42˚C for 30 min using a QuantiTect 
reverse Transcription kit (Qiagen GmbH), according to the 
manufacturer's protocol. qPcr reactions were performed 
using iTaq SYBr Green kits (Toyobo life Science), according 
to the manufacturer's protocol. all reactions were carried out 
in duplicate and the cycles were run on a Bio‑Rad CFX96 
rT system (Bio-rad laboratories, inc.). The following ther-
mocycling conditions were used: Initial denaturation at 95˚C 
for 30 sec; followed by 35 cycles of annellation at 58˚C for 
40 sec and elongation at 72˚C for 30 sec. The primers used 
were as follows: il-1β forward, 5'-aGG aGa Gac aaG caa 
cGa caa-3' and reverse, 5'-GTT TGG GaT cca cac TcT 
cca-3'; il-8 forward, 5'-aTG GcT GcT Gaa cca GTa Ga-3' 
and reverse, 5'-cTa GTc TTc GTT TTG aac aG-3'; monocyte 
chemotactic-1 (McP-1) forward, 5'-Tcc acc acT aTG caG 
GTc Tc-3' and reverse, 5'-TGG acc caT Tcc TTa TTG GG-3'; 
TnF-α forward, 5'-aGa acT cca Gcc GGT GTc TGTG-3' 
and reverse, 5'-GTG Gca aaT cGG cTG acG GTGT-3'; 
intercellular adhesion molecule-1 (icaM-1) forward, 5'-GGc 
GTc caT TTa cac cTa TTa-3' and reverse, 5'-TTc cTT TTc 
TTc TcT TGc TTG-3'; vascular cell adhesion molecule-1 
(VcaM-1) forward, 5'-aac TGc acG GTc ccT aaT-3' and 
reverse, 5'-aGa TGG TGG GTT cTT TcG-3'; and β-actin 
forward, 5'-aGc caT GTa cGT aGc caT cc-3' and reverse, 
5'-acc cTc aTa GaT GGG cac aG-3'. expression levels were 
quantified using the 2‑ΔΔCq method (24).

Tissue immunohistochemistry. after ciH modeling, all rats 
were anesthetized (sodium pentobarbitone, 40 mg/kg) and 
sacrificed by exsanguination. A small piece of liver in each 
group was quickly cut and fixed with 10% formalin for 48 h 
at 4˚C. Samples were then embedded in paraffin and cut into 
tissue sections (3-µm) using a tissue microtome. The depar-
affinized tissue sections were subjected to hematoxylin and 
eosin (H&e) staining, both for 10 min at room temperature, 
and observed under a light microscope (magnification, x400) 
to obtain accurate pathological diagnosis.
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different sections in each group were stained via standard 
Sirius red staining at room temperature for 30 min to observe 
and determine reactive fibrosis, along with its distribution as 
described previously (25). liver tissues were blocked with 
5% BSa (Toyobo life Science) for 1 h at room temperature 
followed by incubation with il-1β (Abcam; cat. no. ab9787), 
il-8 (Santa cruz Biotechnology, inc.; cat. no. sc-376750), 
McP-1 (abcam; cat. no. ab25124), TnF-α (abcam; 
cat. no. ab9755), ICAM‑1 (Abcam; cat. no. ab171123), VCAM‑1 
(Abcam; cat. no. ab78712), TLR4 (Abcam; cat. no. ab95562) 
and nF-κB antibodies (abcam; cat. no. ab16502) diluted at 
1:100 in PBS with 5% BSA (Toyobo Life Science) at 4˚C over-
night. after washing with PBS three times, all tissue sections 
were incubated with horseradish peroxidase (HrP)-labeled 
secondary antibodies (Abcam; cat. nos. ab7090 and ab97040) 
diluted at 1:200 at room temperature for 30 min to assess liver 
inflammation in rats. The sections were then stained with 
3'3-diaminobenzidine at room temperature for 15 min and the 
immune reaction results were observed by light microscopy 
(magnification, x400). The statistical results of these immuno-
histochemical images were analyzed by imageJ version 1.52t 
software (national institutes of Health).

Western blot analysis. Total protein of each group was isolated 
from the liver tissue by ultrasonic homogenization (20 kHZ; 
15 sec; 4˚C) in pre‑cooled cell lysis solution (Sangon Biotech 
co., ltd.) containing protease and phosphatase inhibitors 
to inhibit protein degradation (Sangon Biotech co., ltd.). 
Then, cell lysate products were centrifuged at 10,000 x g 
for 30 min at 4˚C in a refrigerated centrifuge. Total protein 
was quantified using the bicinchoninic acid assay method. 
Proteins (30 µg/µl/lane) were separated by 10% SdS-PaGe 
in Tris-glycine-SdS buffer by vertical electrophoresis for 
90 min. After separation via electrophoresis, proteins were 
immediately transferred to prepared nitrocellulose (nc) 
membranes using a trans-blot transfer system (Sangon Biotech 
co., ltd.). nc membranes were blocked with 5% skim milk 
diluted by 2% PBS (Sangon Biotech co., ltd.) for 60 min at 
room temperature and then incubated with primary anti-Tlr4 
(Abcam; cat. no. ab95562; 1:1,000), anti‑inhibitor of NF‑κB 
(iκB; abcam; cat. no. ab32518; 1:500), anti-MaPK-1 (abcam; 
cat. no. ab32081; 1:500), anti-phosphorylated (p)-MaPK-1 
(abcam; cat. no. ab223500; 1:500), anti-nF-κB p65 
(abcam; cat. no. ab16502; 1:500) and anti-β-actin (abcam; 
cat. no. ab8226; 1:3,000) antibodies overnight at 4˚C. Then, 
the antibodies were diluted with 5% BSa (Sangon Biotech 
co., ltd.) in TBS-0.1% Tween-20. after washing with 
PBS three times, nc membranes were incubated with 5% 
skim milk diluted HrP-conjugated secondary antibodies 
(cat. nos. d110261 and d110273, 1:1,000; Sangon Biotech 
co., ltd.) for 60 min at room temperature. The membrane 
blots were then visualized using a chemiluminescence instru-
ment and enhanced chemiluminescence liquid kit (Pierce; 
Thermo Fisher Scientific, Inc.). Optical density value of each 
blot was determined using image lab 3.0 software (Bio-rad 
laboratories, inc.) for the chemiluminescence instrument and 
imageJ 1.52t software (national institutes of Health).

Hepatic stellate cell (HSC) culture. HSc lines were purchased 
from Sangon Biotech co., ltd. and cultured in dMeM 

(Hyclone; Ge Healthcare life Sciences) supplemented with 
10% FBS (Hyclone; Ge Healthcare life Sciences) and 
1% penicillin‑streptomycin at 37˚C in a cell incubator with 
5% co2. HScs (3x105/cm2) in the hypoxia/reoxygenation (Hr) 
group were seeded on a 6‑well plate and incubated at 37˚C for 
24 h. after treatment with or without 10 µM MaPK inhibitor 
u0126 (Medchemexpress) at room temperature for 5 min, 
cells were placed in 94% N2, 5% co2 and 1% o2 humidified 
culture incubator for 6 h at 37˚C, followed by reoxygenation 
with 5% co2 and 95% air for 12 h until harvest. Cells in the 
con group were cultured in a cell incubator with 5% co2 

(normoxic conditions) and harvested at the same time as the 
experimental group (18 h).

Statistical analysis. Data are presented as the mean ± SEM 
(n=6/group). data were analyzed using one-way anoVa 
followed by Tukey's post hoc test using SPSS 18.0 (SPSS, inc.). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

CIH induces liver fibrosis in rats. To investigate the effects of 
ciH exposure in rats, Sirius red staining was used to evaluate 
liver histological structure. It was identified that 4 weeks of 
CIH exposure induced a substantial amount of collagen fibers 
around the macrovesicular and microvesicular structures, 
while collagen fibers were rarely detected in the Con group 
(Fig. 1a and B). When the gene expression of Tlr4 was 
knocked down by TLR4 shRNA lentivirus, liver fibrosis was 
alleviated (Fig. 1B and d; ciH-Tlr4 group vs. ciH group). 
Furthermore, the results indicated that there was no difference 
between the ciH-Vector group and ciH group (Fig. 1B and c). 
Therefore, it was speculated that 4 weeks of ciH can induce 
liver fibrosis in rats and this condition may be associated with 
Tlr4 protein expression.

CIH induces liver inflammation in rats. Previous studies have 
reported that systemic inflammation is a primary cause of 
myocardium fibrosis (11). Therefore, the present study exam-
ined whether CIH‑induced liver fibrosis in rats was associated 
with inflammation. rT-qPcr and immunohistochemistry 
were used to detect the expression levels of inflammatory 
cytokines in the liver of the model animals. rT-qPcr (Fig. 2), 
immunohistochemical (Fig. 3) and immunohistochemical 
image analysis (Fig. 4) demonstrated that, compared with con 
group, the livers of the CIH and CIH‑Vector groups had signifi-
cantly higher expression levels of il-1β, il-8, McP-1, TnF-α, 
icaM-1 and VcaM-1 (P<0.01 vs. con group). Moreover, it was 
found that these effects were reversed by Tlr4 shrna lenti-
virus treatment (P<0.05 or P<0.01 vs. ciH group). However, 
no significant differences were found between the CIH‑Vector 
group and CIH group. Thus, the results suggested that inflam-
mation may play an important role in ciH exposure-induced 
liver fibrosis.

TLR4/NF‑κB/MAPK signaling pathway is involved in 
CIH‑induced liver fibrosis. To determine whether the 
Tlr4/nF-κB/MaPK signaling pathway was involved in 
ciH-induced liver fibrosis, Tlr4 and nF-κB expression 
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Figure 2. ciH-induced liver mrna expression levels of il-1β, il-8, McP-1, TnF-α, icaM-1 and VcaM-1. after exposing rats to ciH for 4 weeks, liver 
tissues were harvested and subjected to reverse transcription-quantitative Pcr. (a) il-1β, (B) il-8, (c) McP-1, (d) TnF-α, (e) icaM-1 and (F) VcaM-1 
expression levels. **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. ciH. con, control; ciH, chronic intermittent hypoxia; ciH-Vector group, ciH + empty vector 
lentivirus; ciH-Tlr4 group, ciH + Tlr4 shrna lentivirus; shrna, short hairpin rna; Tlr4, Toll-like receptor 4; il, interleukin; TnF, tumor necrosis 
factor; McP-1, monocyte chemotactic-1; icaM-1, intercellular adhesion molecule-1; VcaM-1, vascular cell adhesion molecule-1. 

Figure 1. CIH‑induced liver fibrosis. After exposing rats to CIH for 4 weeks, liver tissues were harvested and subjected to Sirius red staining. (A) Con group, 
(B) CIH group, (C) CIH‑Vector and (D) CIH‑TLR4 group. Representative images of immunohistochemistry. Magnification, x400. Con, control; CIH, chronic 
intermittent hypoxia; ciH-Vector group, ciH + empty vector lentivirus; ciH-Tlr4 group, ciH + Tlr4 shrna lentivirus; shrna, short hairpin rna; 
Tlr4, Toll-like receptor 4. 
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levels were measured by immunohistochemistry and western 
blot analysis in rats. It was identified that TLR4 and NF‑κB 
expression levels were significantly increased in the CIH and 
ciH-Vector groups (Fig. 5; P<0.01 vs. con group), while Tlr4 
shrna lentivirus treatment decreased the expression levels of 
these proteins (Fig. 5; P<0.01 vs. ciH group).

The induction of Tlr4, nF-κB, iκB and p-MaPK-1 was 
assessed by western blot analysis of HScs. it was demon-
strated that the protein expression levels of Tlr4, nF-κB, 
iκB and p-MaPK-1 in the hypoxia/reoxygenation (Hr) 
group were significantly higher compared with the Con group 
(P<0.01; Fig. 6). Furthermore, these effects were significantly 
reversed by application of u0126, a type of MaPK inhibitor. 
collectively, the results indicated the involvement of the 
Tlr4/nF-κB/MaPK signaling pathway in ciH-induced liver 
fibrosis.

Discussion

numerous animal models used in the study of hypoxia have 
been developed over the past years, of which the most widely 
used is the ciH model, which simulates the intermittent hypoxia 
factor of oSaS (3,8). There are several different methods to 
verify the successful establishment of the oSaS model, such 
as monitoring the electroencephalogram, oronasal air flow, 
dynamic blood oxygen for 2 h, mean blood oxygen saturation, 
minimum blood oxygen saturation and sleep apnea index (6). 
in the present study, a ciH model was established and used to 
study the underlying mechanisms of liver fibrosis in OSAS. 
it was found that 4 weeks of ciH exposure induced distinct 
hepatic fibrosis around the macrovesicular and microvesicular 
structures. Moreover, it was demonstrated that knockdown of 
Tlr4 using Tlr4 shrna lentivirus resulted in alleviated 

Figure 3. CIH‑induced liver inflammation. After exposing rats to CIH for 4 weeks, liver tissues were harvested and subjected to immunohistochemistry 
staining with antibodies of il-1β, il-8, McP-1, TnF-α, icaM-1 and VcaM-1. (a) con group, (B) ciH group, (c) ciH-Vector group and (d) ciH-Tlr4 
group. Representative images of immunohistochemistry assay. Magnification, x400. Con, control; CIH, chronic intermittent hypoxia; CIH‑Vector group, 
ciH + empty vector lentivirus; ciH-Tlr4 group, ciH + Tlr4 shrna lentivirus; shrna, short hairpin rna; Tlr4, Toll-like receptor 4; il, interleukin; 
TnF, tumor necrosis factor; McP-1, monocyte chemotactic-1; icaM-1, intercellular adhesion molecule-1; VcaM-1, vascular cell adhesion molecule-1. 
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liver fibrosis. Immunohistochemical results also identified that 
liver samples of the ciH and ciH-Vector groups presented an 
inflammatory state with increased expression levels of IL‑1β, 
il-8, McP-1, TnF-α, icaM-1 and VcaM-1, which could be 
reversed by Tlr4 shrna lentivirus treatment. These results 
were consistent with previous findings reporting that patients 
with OSAS have increased systemic inflammation (2), which 
contributes to liver fibrosis and may be alleviated by inhibiting 
Tlr4 expression.

Previous studies have shown that OSAS is an inflamma-
tory state characterized by increases in the levels of circulating 
biomarkers of inflammation (2,26). While the inflammatory 
mechanism underlying oSaS has not been fully elucidated, 
it has been observed that the increased inflammation is partly 
mediated by Hr (26,27). Savransky et al (28) revealed that ciH 
is a potent effective proinflammatory cytokine that not only 
induces hyperglycemia and liver lipid peroxidation, but also 
enhances the activity of nF-κB, which is the main regulator of 
the inflammatory response. In addition, it has been observed 
that patients with OSAS exhibit significantly increased serum 
nF-κB activities (2). Furthermore, serum levels of multiple 

nF-κB‑dependent proinflammatory cytokine and adhesion 
molecules, such as il-1β, il-6, il-8, TnF-α, McP-1 and 
VCAM‑1, are also elevated in patients with OSAS (29,30). 
Moreover, aron-Wisnewsky et al (8) reported that ciH is 
strongly associated with increased systemic inflammatory 
responses, as well as with more serious fibrosis or inflam-
matory liver injuries. The present results suggested that 
4 weeks of CIH exposure induced liver fibrosis in the CIH and 
ciH-Vector groups, while the ciH-Vector group presented an 
inflammatory state with increased expression of IL‑1β, il-8, 
McP-1, TnF-α, icaM-1 and VcaM-1. nF-κB is considered 
to be an oxidant-sensitive transcription factor, and activation 
of nF-κB promotes inflammation and multiple tissue injury 
in response to ciH and in liver disease conditions (31,32). 
Furthermore, the present results indicated that 4 weeks of 
ciH exposure increased nF-κB and Tlr4 expression levels 
in the liver. in addition, it was found that protein expression 
levels of Tlr4, nF-κB, iκB and p-MaPK-1 in the Hr group 
were significantly higher compared with the Con group, and 
these effects could be reversed by application of the MaPK 
inhibitor u0126. However, a limitation of the present study 

Figure 4. Statistical results of immunohistochemical images. after exposing rats to ciH for 4 weeks, liver tissues were harvested and subjected to immu-
nohistochemistry staining with antibodies of il-1β, il-8, McP-1, TnF-α, icaM-1 and VcaM-1. (a) il-1β, (B) il-8, (c) McP-1, (d) TnF-α, (e) icaM-1 
and (F) VcaM-1 expression levels. **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. ciH. con, control; ciH, chronic intermittent hypoxia; ciH-Vector group, 
ciH + empty vector lentivirus; ciH-Tlr4 group, ciH + Tlr4 shrna lentivirus; shrna, short hairpin rna; Tlr4, Toll-like receptor 4; il, interleukin; 
TnF, tumor necrosis factor; McP-1, monocyte chemotactic-1; icaM-1, intercellular adhesion molecule-1; VcaM-1, vascular cell adhesion molecule-1. 
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was that p-nF-κB was not detected; p-nF-κB is the activated 
state of nF-κB, thus it would be beneficial to detect the effects 
of ciH and ciH-Tlr4 on p-nF-κB.

ciH can induce an unbalanced production of large amounts 
of reactive oxygen species (roS) and endogenous antioxidant 
defense mechanisms, which enhance oxidative stress (33,34). 
roS can also activate nuclear transcriptional factors, including 
nF-κB and hypoxia-inducible factors (HiFs), which in turn 
promote the production of inflammatory cytokines, such as 
il-1β and il-8, as observed in a ciH model (35,36). HiFs are 
the main transcriptional regulators of the hypoxia response, and 
belong to a family of heterodimeric transcription factors (37). 
Furthermore, in almost all tissues and cells, HiFs act as the 
main regulator of the body to maintain homeostasis in response 
to hypoxia (38). activated HiFs can be rapidly transferred to 
the nucleus, where they bind to hypoxia response elements 
of the target gene promoter region to regulate gene transcrip-
tion (37,39). Previous studies have revealed that activation of 
HiF1α plays a key role in downstream signaling transduc-
tion of lipopolysaccharide (lPS) stimulation via the pattern 

recognition receptor Tlr4. For example, lPS can upregulate 
HiF1α expression in rat liver, thus upregulating the expression 
of aldolase, a type of HiF1α target gene (40,41). in addition, 
it has been shown that the activity of lPS-induced HiF1α 
mainly depends on nF-κB, the inflammatory master regulator 
of a group of proteins, which is predominantly regulated by 
inhibiting the transcriptional action of iκB (38,42).

clinical and animal studies have reported that the expres-
sion of TLR4 is closely related to activation of inflammatory 
response in patients with oSaS (20,22). Moreover, Tlr4 is 
a typical pattern recognition receptor located upstream of 
nF-κB, and is closely related to the activation of inflammatory 
responses mainly via Myd88- and Tir-domain-containing 
adapter-inducing interferon-β-dependent pathways (43). it 
has also been revealed that activation of the Tlr4/Myd88 
signaling pathway in Hr is positively correlated with myocar-
dial injury in animal models (44). Shimamoto et al (45) 
observed that myocardia l ischemia act ivates the 
Tlr4/Myd88-dependent signal pathway and increases the 
activation of nF-κB, which ultimately leads to the release of 

Figure 5. Tlr4 shrna lentivirus treatment decreases the expression levels of Tlr4 and nF-κB. after exposing rats to ciH for 4 weeks, liver tissues were 
harvested and subjected to immunohistochemistry staining and western blotting. immunohistochemistry results of (a) Tlr4 and (B) nF-κB. Protein expres-
sion levels of (c) Tlr4 and (d) nF-κB. Data are presented as the mean ± SEM, n=6 in each group. **P<0.01 vs. control; ##P<0.01 vs. ciH. con, control; ciH, 
chronic intermittent hypoxia; ciH-Vector group, ciH + empty vector lentivirus; ciH-Tlr4 group, ciH + Tlr4 shrna lentivirus; shrna, short hairpin 
rna; Tlr4, Toll-like receptor 4; TnF, tumor necrosis factor. 
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innate cytokines in the heart. Furthermore, Takahashi et al (46) 

showed that healthy mice and TSK mouse fibrosis models 
exhibited notable fibrosis after bleomycin treatment, while TLR4 
knockout mice were protected from fibrosis, thus indicating 
that TLR4 plays an important role in the fiberization process. 
Moreover, non-functional Tlr4 mutations or Tlr4 knockout 
can effectively protect mice against the development of renal 
tissue dysfunction, inflammatory damage and fibrosis in a model 
of chronic kidney injury (15,16). it was found that similar injury 
also occurred in the rat liver in the present study, and this condi-
tion could be significantly alleviated by knocking down TLR4. 
Therefore, it was speculated that Tlr4 and nF-κB mediated 
CIH‑induced inflammation and liver fibrosis.

in conclusion, the preliminary results indicated that ciH 
could induce liver fibrosis in rats, and this effect was positively 
associated with inflammation and the Tlr4/nF-κB/MaPK 
signaling pathway. Furthermore, it was demonstrated that the 
expression of Tlr4 was associated with the pathogenesis of liver 
fibrosis in CIH; thus, the development of a novel method that 
inhibits Tlr4 expression may be a viable strategy for clinical 
prevention of liver fibrosis in patients with OSAS.
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