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Abstract. Ankylosing spondylitis (AS) is a common 
chronic inflammatory autoimmune disease. Toll‑like recep-
tors  (TLRs) are involved in non‑specific immunity. In the 
present study, the roles of TLRs in AS were investigated. 
The levels of inflammatory cytokines were detected by 
ELISA and reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR). The expression levels of TLRs 
and nuclear factor‑κB (NF‑κB) signaling‑associated factors 
were determined via RT‑qPCR and western blot analyses. 
It was observed that the levels of interleukin (IL)‑6, tumor 
necrosis factor‑α  (TNF‑α), C‑reactive protein, TLR4 and 
TLR5 were increased in patients with AS, whereas those of 
IL‑10 and TLR3 were decreased. Pomalidomide, a TNF‑α 
release inhibitor, reduced the expression of IL‑6, TNF‑α, 
TLR4, TLR5 and phosphorylated‑p65, and upregulated that 
of IL‑10, TLR3 and p65 in peripheral blood mononuclear 
cells from patients with AS. Treatment of patients with inflix-
imab, an anti‑TNF‑α monoclonal antibody, induced similar 
effects in vivo. In conclusion, it was revealed that inhibition 
of TNF‑α suppressed inflammatory responses in patients with 
AS, increased the expression of TLR3 and decreased NF‑κB 
signaling, and the expression of TLR4 and TLR5. The results 
indicated that TLRs and the NF‑κB signaling pathway were 
involved in the regulation of inflammatory responses in AS. 
These findings provided insight into the mechanisms under-
lying the development of AS and potential novel therapeutic 
approaches.

Introduction

Ankylosing spondylitis (AS) is a common chronic inflammatory 
autoimmune disease, which is characterized by inflammation 
of the spine, and frequently involves inflammation of tendons, 

peripheral joints, the attachment points of tendon ligaments 
and other cartilaginous tissue, leading to spinal rigidity and 
fibrosis (1). The incidence of AS varies across regions, ages 
and genders. It was previously reported that the incidence 
of AS was 0.25% in Europe (2) and 0.23% in China (3). The 
disease frequently occurs in young adults (4). AS progresses 
slowly, with the development of long‑term disability in 20‑30% 
of cases (5). At present, there is no cure available for AS, with 
treatment limited to the relief of symptoms (6,7). Therefore, 
further investigation into the pathogenesis is required. 

Toll‑like receptors (TLRs) are a class of receptors 
involved in non‑specific immunity, acting as a bridge to link 
the non‑specific and specific immune responses  (8). TLRs 
are single transmembrane domain‑containing non‑catalytic 
proteins that identify and bind conserved molecules from 
microorganisms (9). When microorganisms infiltrate physical 
barriers such as skin and mucous membranes, TLRs bind them 
and stimulate immune cell responses (10,11). TLRs are involved 
in various immune system diseases, including AS, rheumatoid 
arthritis, osteoarthritis and autoimmune myositis (12‑14). 

As a regulator of signal transduction, the nuclear factor‑κB 
(NF‑κB) protein complex is involved in various biological 
processes, including inflammation, immune response and 
apoptosis, and has received increasing attention in recent 
years  (15,16). The NF‑κB signaling pathway in mammals 
primarily involves the p65/p50 heteromer, which binds its 
inhibitory protein [inhibitor of NF‑κB B (IκB) subunit IκBα], 
masking the nuclear translocation signal of NF‑κB  (17). 
NF‑κB exists in an inactive form in the cytoplasm; however, 
following phosphorylation of IκB by IκB kinase, IκBα sepa-
rates from NF‑κB and activated NF‑κB is translocated into the 
nucleus (17). It has been reported that NF‑κB signaling serves 
important roles in the progression of AS, rheumatoid arthritis 
and various cancers (18‑20).

In the present study, the expression levels of inflammatory 
cytokines and TLRs were determined in healthy subjects and 
patients with AS. The inflammatory cytokines, TLRs and 
NF‑κB signaling were analyzed in peripheral blood mono-
nuclear cells (PBMCs) from patients with AS prior to and 
following treatment.

Materials and methods

Patients. A total of 30 patients (male patients, 21; female 
patients, 9) with AS were recruited at Mingzhou Hospital of 

Expression and function of Toll‑like receptors in peripheral 
blood mononuclear cells in patients with ankylosing spondylitis

JUN ZHANG,  RONGMING XU,  LEI WU  and  JIHONG JIANG

Department of Orthopedics, Mingzhou Hospital of Zhejiang University, Ningbo, Zhejiang 315000, P.R. China

Received July 10, 2018;  Accepted May 29, 2019

DOI:  10.3892/mmr.2019.10631

Correspondence to: Dr Rongming Xu, Department of Orthopedics, 
Mingzhou Hospital of Zhejiang University, 168 West Taian Road, 
Ningbo, Zhejiang 315000, P.R. China
E‑mail: rongmx_xurm@163.com

Key words: ankylosing spondylitis, Toll‑like receptors, 
inflammatory cytokines, nuclear factor κ‑light‑chain‑enhancer of 
activated B cells



ZHANG et al:  THE ROLES OF TLRs IN AS3566

Zhejiang University (Ningbo, China) between May 2015 and 
April 2017, aged between 26 and 69 years old with an average 
age of 37.25±10.17 years. Patients were diagnosed with AS 
according to the New York diagnostic standard of AS revised 
in 1984 (21). Patients were excluded from the study based 
on the following criteria: Serious lesion of the heart, brain, 
liver, kidney or other important organs; diagnosis of blood or 
endocrine system diseases; the primary lesion was not located 
in the spine; diagnosis of psoriasis, inflammatory bowel 
disease or uveitis; pregnancy; lactation or diagnosis of acute 
ophthalmia requiring corticosteroid therapy. A total of 30 
healthy subjects (male patients, 20; female patients, 10) aged 
between 27 and 66 years old (average age, 36.94±10.65 years) 
were included as controls; these subjects were recruited during 
physical examinations between May 2015 and April 2017. 
Healthy controls were excluded according to the following 
criteria: The aforementioned exclusion criteria; and diseases 
or symptoms of the spinal joints, chronic diseases or autoim-
mune diseases. All patients provided written informed consent 
prior to the collection of blood samples, and all experiments 
were approved by the Ethics Committee of Mingzhou Hospital 
of Zhejiang University. Patients received three doses of inflix-
imab (5 mg/kg), with subsequent doses received 2 and 6 weeks 
following the first dose. 

Source and culture of cells. PBMCs were obtained from 
patients with AS by Ficoll‑Hypaque (Ficoll™ Paque Plus; 
cat. no. 17‑1440‑03; GE Healthcare) density gradient centrifu-
gation as previously described (22). PBMCs were maintained 
in RPMI‑1640 medium (Shanghai BioSun SciTech Co., Ltd.) 
containing 10% fetal bovine serum (HyClone; GE Healthcare 
Life Sciences) and 1% penicillin‑streptomycin (Beijing 
Leagene Biotech Co., Ltd.) in an incubator (Shanghai SANTN 
Instrument Co., Ltd.) at 37˚C with 95% humidified air and 5% 
CO2. Following 24 h of culture, the morphology of the cells 
was observed under an inverted microscope (x100 and x200; 
XDS‑100; Shanghai Caikon Optical Instrument Co., Ltd.).

Reagents and experimental grouping. Tumor necrosis 
factor‑α (TNF‑α) was purchased from MedChemExpress. 
Pomalidomide (anti‑TNF‑α; Selleck Chemicals) is a derivative 
of thalidomide and inhibits TNF‑α release induced by lipo-
polysaccharide (23). It has been reported that as an analogue 
of thalidomide, pomalidomide exhibits antiapoptotic, 
antiangiogenic and immunomodulatory activities (24,25).

PBMCs were collected from three groups: Healthy individ-
uals (control); patients with AS prior to treatment (AS/Before 
treatment) and patients following treatment with infliximab 
(After treatment). PBMCs were then assigned to five groups: 
PBMCs not treated with TNF‑α or anti‑TNF‑α (control); 
PBMCs cultured with 1, 5 and 10 ng/ml TNF‑α; and PBMCs 
cultured with 2 µM pomalidomide (2 µM anti‑TNF‑α).

ELISA. Serum samples were isolated from blood samples via 
centrifugation at 2,000 x g for 10 min at room temperature. 
The levels of interleukin (IL)‑6, IL‑10, TNF‑α and C‑reactive 
protein  (CRP) in serum were detected using ELISA kits 
(Shanghai Enzyme‑linked Biotechnology Co., Ltd.) according 
to the manufacturer's protocols. In brief, the samples were 
added to wells coated with polyclonal antibodies against IL‑6 

(cat. no. ml058097‑1), IL‑10 (cat. no. ml064299‑1), TNF‑α 
(cat. no. ml077385‑1) and CRP (ml002999‑1), and proteins 
were detected using biotinylated monoclonal anti‑human anti-
bodies at room temperature for 2 h. After washing with PBS, 
color development was catalyzed by horseradish peroxidase 
conjugated to streptavidin and terminated using 2 M sulfuric 
acid. The absorbance was detected at 450 nm, and the protein 
content was determined by normalizing the relative absorbance 
of the samples to the standards.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from tissues and cells and extracted using 
TRIzol® reagent (Thermo Fisher Scientific, Inc.). RNA (1 µg) 
was reverse transcribed to obtain cDNA using a RevertAidTM 
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.), with 
the reaction conditions set at  85˚C for 5 min. qPCR was 
performed using an ABI 7500 system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) and iTaq™ Universal SYBR®-
Green (Bio‑Rad Laboratories, Inc.). qPCR was conducted 
as follows: Initial denaturation at 92˚C for 5 min; 30 cycles 
of denaturation (at 92˚C for 30 sec) and annealing (at 62˚C 
for 30 sec); and extension at 72˚C for 30 sec. The primers 
were acquired from Invitrogen (Thermo Fisher Scientific, 
Inc.) and are presented in Table I. The internal reference was 
β‑actin, and gene expression was quantified using the 2‑ΔΔCq 
method (26). This experiment was repeated at least three 
times.

Western blotting. Protein was isolated from cells and extracted 
using radioimmunoprecipitation assay lysis buffer (Beijing 
Leagene Biotech Co., Ltd.), and the total protein was quanti-
fied using a bicinchoninic acid detection assay kit (Shanghai 
Yeasen Biotechnology, Co., Ltd.). Proteins (20 µg/lane) were 
separated via 10% SDS‑PAGE and transferred to nitrocel-
lulose membranes. The membranes were blocked in 5% 
dried skimmed milk in TBS buffer at  37˚C for 1  h and 
incubated overnight at  4˚C with antibodies against TLR3 
(1:700; ab62566, Abcam), TLR4 (1:600; ab13556, Abcam), 
TLR5 (1:800; ab62460, Abcam), p65 (1:1,000; ab32536, 
Abcam), phosphorylated (p)‑p65 (1:600; ab86299, Abcam) 
and β‑actin (1:1,000; MAB8969, R&D Systems, Inc.). Then, 
the membranes were washed in TBS‑0.1% Tween-20 three 
times, and incubated at room temperature for 1.5 h with the 
following secondary antibodies: Mouse anti‑rabbit IgG, 
(1:6,000; cat.  no.  3678; Cell Signaling Technology, Inc.); 
horseradish peroxidase (HRP)‑conjugated rabbit anti‑mouse 
IgG (1:7,000; cat. no. 58802; Cell Signaling Technology, Inc.) 
and HRP‑conjugated rabbit anti‑goat IgG (1:6,000; sc‑2768; 
Santa Cruz Biotechnology, Inc.). Bands were visualized using 
enhanced chemiluminescence detection reagent (Amersham; 
GE  Healthcare) and imaged using an iBright™ CL1000 
imaging system (iBright analysis software, version  1.2.0; 
Thermo Fisher Scientific, Inc.).

Statistical analysis. Data were analyzed using IBM SPSS 
Statistics version 20 (IBM Corp.). Data were presented as the 
mean ± standard deviation. All experiments were performed in 
triplicate. Differences between groups were determined using 
one‑way analyses of variance followed by a Tukey's post hoc 
test. P<0.05 was considered to indicate a significant difference.
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Results

Upregulation of IL‑6, TNF‑α, C‑reactive protein (CRP), TLR4 
and TLR5, and downregulation of IL‑10 and TLR3 in patients 
with AS. To investigate the levels of inflammatory cytokines 
and TLRs in patients with AS, ELISA and RT‑qPCR analysis 
were performed. It was revealed that the serum levels of IL‑6, 
TNF‑α and CRP were significantly increased in patients with 
AS compared with in healthy individuals, whereas those of 
IL‑10 were decreased (P<0.05; Fig. 1A-D). Additionally, it was 
demonstrated that the expression of TLR4 and TLR5 mRNA 
was significantly upregulated in patients with AS compared 
with the control, whereas that of TLR3 was downregulated 
(P<0.05; Fig. 1E). The mRNA expression levels of the other 
TLRs were not significantly different between the two groups.

TNF‑α regulates the expression of inflammatory cytokines in 
PBMCs. PBMCs from patients with AS were identified under 
an inverted microscope. The cells were round and clustered 
together (Fig. 2A). The levels of inflammatory cytokines were 
determined via RT‑qPCR analysis to investigate the effects of 
TNF‑α and anti‑TNF‑α on PBMCs. It was revealed that TNF‑α 

significantly promoted the expression of IL‑6 mRNA level in a 
dose‑dependent manner compared with the control; however, 
IL‑10 expression was markedly unaltered following TNF‑α 
treatment (P<0.05; Fig. 2B and C). Conversely, anti‑TNF‑α 
significantly downregulated the expression of IL‑6 compared 
with the control, and upregulated that of IL‑10. Furthermore, 
TNF‑α (5 ng/ml) significantly increased the expression of 
TNF‑α mRNA in PBMCs; however, expression was signifi-
cantly downregulated following treatment with anti‑TNF‑α 
(P<0.05; Fig. 2D).

TNF‑α regulates the expression of TLRs and NF‑κB signaling 
in PBMCs. To investigate the effects of TNF‑α and anti‑TNF‑α 
on PBMCs, the expression of TLRs and the activation of 
NF‑κB signaling were determined via Western blotting. It 
was revealed that treatment with TNF‑α significantly upregu-
lated the expression of TLR4 and TLR5 protein, and the 
phosphorylation of p65 compared with the control, whereas 
it downregulated the expression of TLR3 and p65 (P<0.05, 
Fig. 3A‑E). Conversely, anti‑TNF‑α treatment significantly 
downregulated the expression of TLR4 and TLR5, and the 
phosphorylation of p65; the expression levels of TLR3 and 
p65 protein were markedly unaltered following anti‑TNF‑α 
treatment.

Upregulated expression of IL‑10 and TLR3, and downregulated 
expression of IL‑6, TNF‑α, CRP, TLR4 and TLR5 following 
the treatment of patients with AS. An ELISA was conducted 
to investigate alterations in the serum expression levels of 
inflammatory cytokines and TLRs following the treatment of 
patients with AS. It was revealed that the levels of IL‑6, TNF‑α 
and CRP were significantly reduced following treatment with 
infliximab compared with prior to treatment, whereas those 
of IL‑10 were increased (P<0.05; Fig. 4A‑D). Additionally, 
RT‑qPCR analysis demonstrated that treatment with inflix-
imab significantly upregulated the expression of TLR3 mRNA 
compared with levels prior to treatment, whereas the expres-
sion levels of TLR4 and TLR5 mRNA were downregulated 
(P<0.05; Fig. 4E). The mRNA expression levels of the other 
TLRs were not significantly altered following treatment.

Upregulated expression of TLR3, and downregulated expres‑
sion of TLR4, TLR5, p65 and p‑p65 following treatment of 
patients with AS. To further investigate the protein expression 
of TLRs and NF‑κB p65 signaling prior to and following treat-
ment of patients with AS, western blotting was performed. It 
was revealed that TLR3 protein expression was significantly 
upregulated (P<0.05; Fig. 5A and B), whereas the protein 
levels of TLR4 and TLR5, and phosphorylation of p65 were 
significantly downregulated following treatment (P<0.01; 
Fig. 5A and C‑E), compared with prior to treatment.

Discussion

AS is a rheumatic disease characterized by inflammation (1), of 
which cytokines are important mediators. It has been hypoth-
esized that alterations in cell networks are important features 
of the pathology of AS (27). Cytokines can be divided into pro‑ 
and anti‑inflammatory cytokines, depending on their function 
during inflammatory responses. Proinflammatory cytokines 

Table I. Sequences of primers.

Primer name	 Sequence (5'‑3')

TLR1‑Forward	 GGAGGCAATGCTGCTGTT
TLR1‑Reverse	 GCCCAATATGCCTTTGTTATCCTG
TLR2‑Forward	 TGTTGCAAGCAGGATCCAAAG
TLR2‑Reverse	 CACAAAGTATGTGGCATTGTCCAG
TLR3‑Forward	 GGACTTTGAGGCGGGTGTT
TLR3‑Reverse	 TGTTGAACTGCATGATGTACCTTGA
TLR4‑Forward	 AGGATGATGCCAGCATGATGTC
TLR4‑Reverse	 TCAGGTCCAGGTTCTTGGTTGAG
TLR5‑Forward	 AAGATGTCGGAGCCTCAGATG
TLR5‑Reverse	 GGGTCCCTGGTTGTTTAAAGACTTC
TLR6‑Forward	 CAGAGTGAGTGGTGCCATTACGA
TLR6‑Reverse	 AGCCTTCAGCTTGTGGTACTTGTTG
TLR7‑Forward	 TCTTCAACCAGACCTCTACATTCCA
TLR7‑Reverse	 GGAACATCCAGAGTGACATCACAG
TLR8‑Forward	 GCGCTGCTGCAAGTTACGGA
TLR8‑Reverse	 TCGACGATTGCTGCACTCTG
TLR9‑Forward	 GGGACCTCGAGTGTGAAGCA
TLR9‑Reverse	 CTGGAGCTCACAGGGTAGGAA
IL‑6‑Forward	 AACCTGAACCTTCCAAAGATGG
IL‑6‑Reverse	 TCTGGCTTGTTCCTCACTACT
IL‑10‑Forward	 CCTGCCTAACATGCTTCGAG
IL‑10‑Reverse	 GAGTTCACATGCGCCTTGAT
TNF‑α‑Forward	 ATGAGCACTGAAAGCATGATCC
TNF‑α‑Reverse	 GAGGGCTGATTAGAGAGAGGTC
β‑actin‑Forward	 GTGGACATCCGCAAAGAC
β‑actin‑Reverse	 AAAGGGTGTAACGCAACTAA

IL, interleukin; TLR, toll‑like receptor; TNF‑α, tumor necrosis 
factor‑α.
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Figure 2. TNF‑α regulates the expression of inflammatory cytokines in PBMCs. (A) Morphology of PBMCs isolated from patients was observed under an 
inverted microscope (left image: Magnification, x100; right image: Magnification, x200). PBMCs were exposed to TNF‑α (1, 5 and 10 ng/ml) and 2 µM 
pomalidomide (anti‑TNF‑α); the mRNA levels of (B) IL‑6, (C) IL‑10 and (D) TNF‑α were determined via reverse transcription‑quantitative PCR analysis. 
*P<0.05, **P<0.01 vs. control. IL, interleukin; PBMC, peripheral blood mononuclear cell; TNF‑α, tumor necrosis factor‑α.

Figure 1. Upregulation of IL‑6, TNF‑α, CRP, TLR4 and TLR5, and downregulation of IL‑10 and TLR3 in patients with AS. Serum contents of (A) IL‑6, 
(B) IL‑10, (C) TNF‑α and (D) CRP in patients with AS and healthy subjects as determined by ELISA. (E) mRNA levels of TLRs as determined via reverse 
transcription‑quantitative PCR analysis. *P<0.05, **P<0.01 vs. control. AS, ankylosing spondylitis; CRP, C‑reactive protein; IL, interleukin; TLR, Toll‑like 
receptor; TNF‑α, tumor necrosis factor‑α.
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include TNF‑α, IL‑1, IL‑6, IL‑8, interferon (IFN)‑γ, macro-
phage migration inhibitory factors, IL‑17A and IL‑23 (28,29), 
whereas anti‑inflammatory cytokines include IL‑2, IL‑10, 
IL‑13, transforming growth factor‑β (TGF‑β) and IL‑35 (30‑32). 
CRP is the first detected inflammatory acute phase reaction 
protein, and its levels are closely associated with the degree 
of inflammation in the disease. CRP is notably upregulated 
during inflammation (33,34). In the present study, increased 
levels of IL‑6, TNF‑α and CRP, and decreased levels of 
IL‑10 were observed in patients with AS, compared with in 
healthy subjects. TNF‑α is an important proinflammatory 
factor mainly produced by mononuclear macrophages, and 
is involved in a series of immune responses (35). A previous 
study suggested that TNF‑α was important for the inflamma-
tory response to AS (36). In the present study, it was revealed 
that TNF‑α inhibitor attenuated the inflammatory response of 
PBMCs in patients with AS by suppressing IL‑6 expression 
and promoting IL‑10 expression. Data concerning the effects 
of TNF‑α inhibition on the expression of CRP will enable the 
development of more firm conclusions. Furthermore, analysis 
of the levels of additional inflammatory factors, including IL‑1, 
IL‑13 and TGF‑β, will be considered to further investigate the 
inflammatory response to AS.

TLRs serve an important role in the interaction between the 
immune system and pathogens, which are similar to the effects 
of nucleotide‑binding oligomerization domain‑containing 
protein 2 on diabetic nephropathy disease (37). Following 
activation, TLRs induce specific gene expression via cell 
signal transduction, promoting the secretion of cytokines and 
chemokines (38‑40). TLR4, a ligand of LPS, hyaluronic acid 
and heat shock protein, can promote the production of TNF‑α, 
IFN, IL‑12 and more proinflammatory factors, inducing 
inflammatory damage (41). Kragstrup et al (42) reported that 

TLR2 and TLR4‑induced IL‑19 dampened immune reactions, 
and was inversely associated with spondyloarthritides (SpA) 
disease activity. Assassi et al (43) reported that TLR4 and 
TLR5 levels were upregulated in the plasma of patients 
with AS. Similarly, elevated expression levels of TLR4 and 
TLR5 were observed in patients with AS in the present 
study, compared with in healthy subjects. De Rycke et al (44) 
reported that TLR2 and TLR4 expression was enhanced in 
patients with SpA. Conversely, in the present study, TLR2 
expression was not significantly different in patients with 
AS compared with in controls. Furthermore, in comparison 
with healthy controls, no significant changes in the expres-
sion of TLR1 or TLR6‑9 were observed. Additionally, TLR3 
expression was downregulated in patients. Therefore, TLR3, 
TLR4 and TLR5 were selected for subsequent investigation. It 
was then revealed that pomalidomide significantly promoted 
TLR3 expression, and inhibited the expression of TLR4 and 
TLR5 in PBMCs obtained from patients with AS. Therefore, 
it was hypothesized that TLR4 and TLR5 may promote the 
progression of AS, whereas TLR3 may suppress the progres-
sion of AS. Inhibitors of TLR4, including VGX‑1027 and 
Eritoran, have been widely associated with several immune 
diseases (45‑47). It was proposed that the inhibitors may also 
serve an important role in AS treatment; thus, an in‑depth 
study involving the use of TLR4 inhibitors, such as the 
anti‑retroviral protease inhibitor Saquinavir, in PBMCs and 
patients with AS that are resistant to standard treatment, is 
planned for the future.

As an anti‑TNF‑α drug, infliximab is widely used in 
clinical treatment of various inflammatory diseases, including 
AS (48‑50). In the present study, the levels of inflammatory 
factors and TLRs were evaluated in patients with AS prior 
to and following infliximab treatment. It was observed that 

Figure 3. TNF‑α mediates TLR expression and NF‑κB p65 signaling in PBMCs. (A) Western blotting was performed to detect the protein levels of TLR3, 
TLR4, TLR5, p65 and p‑p65. Protein expression of (B) TLR3, (C) TLR4, (D) TLR5 and (E) p‑p65/p65 presented as bar diagrams. β‑actin was used as an 
internal control. *P<0.05, **P<0.01 vs. control. NF‑κB, nuclear factor‑κB; p‑, phosphorylated; PBMC, peripheral blood mononuclear cell; TLR, Toll‑like 
receptor; TNF‑α, tumor necrosis factor‑α.
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following infliximab treatment, the inflammatory response 
in patients was reduced, as determined by increased levels 
of IL‑6, TNF‑α and CRP, and enhanced levels of IL‑10. 
Furthermore, TLR3 expression was upregulated, whereas the 
expression of TLR4 and TLR5 was downregulated following 

infliximab treatment. The findings were consistent with obser-
vations in PBMCs. It should be noted that infliximab exhibits 
certain side effects, including dyspnea, flushing, headache, 
rash, abdominal pain, diarrhea, back pain, chest pain and 
nausea (51‑53).

Figure 5. Upregulation of TLR3, and downregulation of TLR4, TLR5, p65 and p‑p65 following the treatment of patients with AS using infliximab. (A) Western 
blotting was performed to determine the proteins levels of (B) TLR3, (C) TLR4, (D) TLR5 and (E) p‑p65/p65 before and after patients with AS received 
treatment. *P<0.05, **P<0.01 vs. before treatment. NF‑κB, nuclear factor‑κB; p‑, phosphorylated; TLR, Toll‑like receptor.

Figure 4. Upregulation of IL‑10 and TLR3, and downregulation of IL‑6, TNF‑α, CRP, TLR4 and TLR5 following the treatment of patients with AS using 
infliximab. Serum levels of (A) IL‑6, (B) IL‑10, (C) TNF‑α and (D) CRP in patients with AS before and after treatment, as determined via ELISA. (E) mRNA 
levels of TLRs were detected via reverse transcription‑quantitative PCR. *P<0.05, **P<0.01 vs. before treatment. AS, ankylosing spondylitis; CRP, C‑reactive 
protein; IL, interleukin; TLR, Toll‑like receptor; TNF‑α, tumor necrosis factor‑α.
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NF‑κB is a key transcriptional regulator in the inflamma-
tory response, and serves an important role in the development 
of AS (18,54). TLRs are the potential catalyst for activation of 
the NF‑κB pathway, which has been reported to be involved in 
the occurrence of inflammation (55‑57). Previous studies have 
demonstrated that β‑D‑mannuronic acid inhibited the activity 
of AS by blocking the TLR2/4/NF‑κB pathway  (55,56). 
Zhao et al (58) reported that astragaloside protected myocardial 
cells against cell apoptosis by suppressing the TLR4/NF‑κB 
pathway. Therefore, the expression of NF‑κB pathway in 
patients with AS, and PBMCs from these patients. It was 
revealed that TNF‑α inhibitor decreased the p‑p65/p65 ratio 
in PBMCs from patients. Additionally, infliximab reduced 
the phosphorylation of p65/p65 in patients with AS. The 
findings suggested that the NF‑κB pathway was involved in 
the progression of AS; more specifically, the NF‑κB pathway 
was suppressed when the progression of AS was blocked by 
infliximab. 

In conclusion, the findings of the present study revealed 
that TNF‑α inhibitor suppressed inflammatory responses 
in AS, increased TLR3 expression, and suppressed the 
expression of TLR4 and TLR5, and NF‑κB signaling. These 
observations indicated that TLRs and the NF‑κB pathway 
contributed to the regulation of the inflammatory response 
during AS. These findings provided novel insight for the 
potential inhibition of the development of AS. It was hypoth-
esized that TLR4 and TLR5 may promote the progression 
of AS, and that TLR3 may suppress the progression of AS 
by suppressing NF‑κB signaling; however, this hypothesis 
requires further validation.
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