
EXPERIMENTAL AND THERAPEUTIC MEDICINE  15:  1394-1402,  20181394

Abstract. Ankylosing spondylitis (AS) is a chronic inflam-
matory arthritis and autoimmune disease, the etiology and 
pathogenesis of which remain largely unknown. In the present 
study, blood samples were harvested from patients with AS 
and from healthy volunteers as a normal control (NC) for 
RNA‑sequencing. Differentially expressed genes (DEGs) in 
the AS group compared with the NC group were identified, and 
gene ontology (GO) term and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analyses were 
subsequently performed. Protein‑protein interaction (PPI) 
network and AS‑specific transcriptional regulatory network 
construction was performed for the DEGs. A total of 503 DEGs, 
including 338 upregulated and 165 downregulated DEGs, were 
identified in patients with AS compared with the NC group. 
Three upregulated DEGs identified, interferon‑induced protein 
with tetratricopeptide repeats (IFIT)1, IFIT3 and radical 
S‑adenosyl methionine domain containing (RSAD)2, are 
interferon (IFN)‑stimulated genes that serve a role in the IFN 
signaling pathway. The most significantly enriched GO term 
was response to other organisms. Osteoclast differentiation 
was a significantly enriched pathway for eight DEGs [High 
affinity immunoglobulin gamma Fc receptor (FCGR)1A, 
FCGR2B, four and a half LIM domains 2, integrin β3, signal 
transducer and activator of transcription 2 (STAT2), suppressor 
of cytokine signaling 3 (SOCS3), leukocyte immunoglobulin 
like receptor (LILR)A4 and LILRA6]. The six hub genes in the 
PPI network constructed were interferon‑stimulated gene 15, 
heat shock protein β1, microtubule‑associated proteins 1A/1B 
light chain 3A, IFIT1, IFIT3 and SOCS3. POU domain class 2 

transcription factor 1 (1‑Oct) and ecotropic virus integration 
site‑1 (Evi‑1) were identified as two important transcription 
factors (TFs) in AS according to the AS‑specific transcrip-
tional regulatory network constructed. In addition, IFIT1 
and IFIT3 were identified as targets of 1‑Oct. The results of 
the present study indicate that osteoclast differentiation, the 
IFN signaling pathway and genes associated with these two 
signaling pathways, particularly FCGR2B, STAT2, SOCS3, 
IFIT1 and IFIT3, may serve a role in AS. In addition, Evi‑1 
and 1‑Oct may be two important TFs associated with AS. 
These results may provide a basis for elucidating the under-
lying mechanisms of and developing novel treatments for AS.

Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory 
arthritis and autoimmune disease, which can develop into 
spondyloarthritis (SpA), with an estimated prevalence of 2‑5% 
worldwide (1,2). AS primarily affects the sacroiliac joints and 
spine (2), and is characterized by inflammation of the spine 
and progressive spinal ankylosis (3‑5). Back pain and spinal 
stiffness are two of the main symptoms of AS (5,6). AS is 
multifactorial and highly heritable; however, the etiology and 
pathogenesis of AS remain largely unknown (7,8). It has previ-
ously been reported that human leukocyte antigen (HLA)‑B27 
may be associated with the pathogenesis of AS (2). As a gene 
located near HLA‑B on chromosome 6, MICA confers strong 
susceptibility to AS in US white and Chinese Han popula-
tions (9). Although ~90% of patients with AS have the HLA‑B27 
genotype, only 8% of HLA‑B27 carriers develop AS (10‑16), 
which indicates that other mechanisms are associated with 
the development of AS. Elucidating these mechanisms may 
increase understanding of the pathogenesis of and risk factors 
for AS. A total of 34 loci that affect disease susceptibility to AS 
have been identified (17). RUNX3, TBKBP1 and PPARGC1B 
were reported to be associated with the AS susceptibility in 
patients with Western European descent (18). Among them, 
RUNX3 was associated with the severity of AS and the func-
tion of daily life of Chinese Han patients with AS (18). The 
population‑attributable AS risk associated with ERAP1 and 
IL‑23R has been reported to be ~26 and 1%, respectively (19). 
Despite considerable research efforts, no effective therapeutic 
strategy for AS has been developed.
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With rapid advances in next generation DNA sequencing 
technologies (20), RNA sequencing (RNA‑Seq), which is a 
comprehensive and accurate method of transcriptome anal-
ysis, has become increasingly feasible and affordable (21,22). 
RNA‑Seq can be performed to identify differentially 
expressed genes (DEGs), and quantify exons and isoforms 
accurately  (23). Previous studies have used RNA‑Seq to 
identify disease‑associated genes; however, to the best of our 
knowledge, RNA‑Seq has not previously been used to analyze 
the transcriptomes of patients with AS (21,24‑26).

In the present study, a comprehensive transcriptome 
analysis of the blood of patients with AS and healthy controls 
was performed using RNA‑Seq. DEGs in the AS group 
compared with the normal control (NC) group were identi-
fied. Functional annotation and protein‑protein interaction 
(PPI) network construction of the DEGs was performed. In 
addition, a transcriptional regulatory network of the DEGs 
was constructed. The results of the present study may improve 
understanding of the pathogenesis of AS, and thus contribute 
to the development of novel and effective treatments for AS.

Materials and methods

Patients. A total of 3  patients with AS and 3 NCs were 
recruited from Jining No. 1 People's Hospital (Shandong, 
China) between February 2016 and April 2016. The inclusion 
criteria of patients were as follows: i) Patients diagnosed with 
AS who were in compliance with the 1984 revised New York 
AS diagnostic criteria; ii) patients with the duration of AS for 
>1 month; and iii) patients over 18 years old. The inclusion 
criteria of NCs were as follows: i) Subjects without clinical 
manifestations of AS; ii) subjects without abnormalities of 
the sacroiliac joint and spinal column; iii) subjects who were 
HLA‑B27 negative; and iv) subjects over 18 years old. Subjects 
with other immune disorders, pregnant women and people 
who were unable to draw blood samples were excluded from 
the present study. Of the 3 patients with AS, 1 patient was a 
38‑year‑old male who had been admitted to the hospital due 
to hip pain that had lasted for a year and worsened in the past 
40 days. Patient 2 was a 73‑year‑old female who was hospi-
talized for systemic pain that had lasted for >20 years and 
worsened in the prior month. Patient 3 was a 43‑year‑old male 
who had been admitted to hospital due to pain and stiffness of 
the waist that had lasted for 5 years. All of the patients with AS 
were HLA‑B27 positive. The 3 NCs consisted of a 35‑year‑old 
male, 44‑year‑old female and 75‑year‑old female, respectively. 
None of the sujects in the AS or NC groups had any other auto-
immune diseases. All participants provided written informed 
consent, and this was reviewed by the Ethics Committee of 
Jining No. 1 People's Hospital (Shandong, China).

RNA isolation, polymerase chain reaction (PCR) amplification 
and sequencing. Blood samples were obtained from 3 NCs and 
3 patients with AS between February 2016 and April 2016. Total 
RNA was isolated from blood samples using TRIizol reagent 
(Invitrogen, Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's instructions (27). The 
quantity and integrity of RNA was assessed using an Agilent 
2100 Bioanalyzer (Agilent Technologies, Inc., Santa Clara, 
CA, USA; RNA integrity number >7). RNA libraries were 

constructed with TruSeq RNA Sample Prep Kit v2 (Illumina, 
Inc., San Diego, CA, USA) according to the manufacturer's 
instructions (28). mRNA was purified using Oligo (dT) magnetic 
beads and fragmented at 95˚C for 8 min with fragmentation 
buffer in TruSeq RNA Sample Prep Kit v2 (Illumina, Inc., 
San Diego, CA, USA). Using mRNA as a template, the first 
cDNA strand was synthesized with random oligonucleotides 
and SuperScript III reverse transcriptase (Invitrogen; Thermo 
Fisher Scientific Inc., Waltham, MA, USA) under the following 
conditions: 5 min at 65˚C, 2 min at 4˚C, 1 h at 42˚C and 10 min 
at 70˚C as described previously (29). The second cDNA strand 
was then synthesized by the addition of the buffer, dNTPs, 
RNase H (Invitrogen; Thermo Fisher Scientific Inc.) and DNA 
polymerase I (Invitrogen; Thermo Fisher Scientific Inc.) under 
the following conditions: 2.5 h at 16˚C and 10 min at 70˚C. 
After purification using the QIAQuick PCR Purification kit 
(Qiagen, Inc., Valencia, CA, USA), end repair and ligation of 
the sequencing adapter were performed with using the NEB 
Next End Repair Module (New England Biolabs, Ipswich, MA, 
USA) according to the manufacturer's protocol (30).

The PCR products were analyzed on 2% agarose gel 
(Certified Low Range Ultra Agarose) and stained with ethidium 
bromide. The 300 nucleotide‑long fragments were isolated and 
purified by using QIAQuick PCR Purification kit (Qiagen, Inc., 
Valencia, CA, USA). Cluster generation (bridge PCR) amplifi-
cation was performed using an Illumina cBot system (Illumina, 
Inc., San Diego, CA, USA) as described (29). Sequencing was 
performed using a HiSeq 2500 system (Illumina, Inc.).

Identification of DEGs. The quality of the sequencing data 
obtained was evaluated using FastQC software (version 
0.11.4, www.bioinformatics.babraham.ac.uk/projects/fastqc/). 
Cutadapt software (version 1.9.1, cutadapt.readthedocs 
.io/en/stable/changes.html#v1‑9‑1‑2015‑12‑02) was used to 
remove low quality reads, including sequences with a quality 
score <20 and sequences with an N base rate of raw reads 
>10%. The cleaned reads and human genome (GRCh38.
p7 assembly) were then aligned using TopHat version 2.1.1 
(www.ccb.jhu.edu/software/tophat/index.shtml). Cuffquant 
version 2.2.1 (www.cole‑trapnell‑lab.github.io/cufflinks/) 
was used to obtain the count and fragments per kilobase of 
transcript per million fragments mapped (FPKM) of each 
gene. Cuffdiff version 2.2.1 (www.cole‑trapnell‑lab.github.
io/cufflinks/) was used to calculate the differential expression 
of genes. The thresholds for DEGs were as follows: An FDR 
<0.05; an absolute value of FPKM of 1; and a coefficient of 
variation <1. The heat map of the top 50 upregulated and 
downregulated DEGs was obtained using pheatmap package 
in R version 3.1.3 (www.r‑project.org/).

Functional annotation. Gene ontology (GO) enrichment 
analysis and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis were performed using 
Metascape (metascape.org/gp/index.html#/main/step1) to 
further investigate the biological function of each DEG. P<0.01 
was considered to indicate a significantly enriched DEG.

PPI network construction. Using the Biological General 
Repository for Interaction Datasets (BioGrid, www.uniprot.
org/database/DB‑0184), the 100 most upregulated and 
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downregulated DEGs were scanned. A PPI network was 
then constructed using Cytoscape software (version 3.3.0, 
www.cytoscape.org) in order to explore of the functions of the 
DEGs.

Construction of AS‑specific transcriptional regulatory 
network. The 2 kb upstream promoter sequence of the 10 most 
upregulated and downregulated DEGs was downloaded from 
UCSC Genome Browser (www.genome.ucsc.edu). The tran-
scription factors (TFs) involved in regulating these DEGs were 
derived from the match tools using the transcription factor data-
base TRANSFAC (http://gene‑regulation.com/pub/databases.
html), which is a database of TFs (31). Cytoscape software 
(version 3.3.0, www.cytoscape.org) was used to construct the 
AS‑specific transcriptional regulatory network.

Results

Identification of DEGs. A total of 503 DEGs, including 338 
upregulated and 165 downregulated DEGs, were identified in 
patients with AS compared with the NC group (Fig. 1). The 

10 most upregulated and downregulated DEGs are displayed 
in Table I.

Functional annotation. According to the GO enrichment anal-
ysis, the DEGs were significantly enriched in the following 
GO terms: Response to other organisms (P<0.001); inflam-
matory response (P<0.001); platelet a granule (P<0.001); cell 
activation (P<0.001); and cytokine production (P<0.001). The 
20 most enriched GO terms of the DEGs in patients with AS 
are presented in Fig. 2. KEGG pathway enrichment analysis 
demonstrated that the DEGs identified in patients with AS 
were the most significantly enriched in the following signaling 
pathways: Hematopoietic cell lineage (P<0.001); phagosome 
(P<0.001); and measles (P<0.001) (Fig. 3). Another signifi-
cantly enriched signaling pathway, osteoclast differentiation 
(P=0.007; Fig. 3) consisted of DEGs including high affinity 
immunoglobulin gamma Fc receptor (FCGR)1A, FCGR2B, 
four and a half LIM domains 2 (FHL2), integrin β3 (ITGB3), 
signal transducer and activator of transcription 2 (STAT2), 
suppressor of cytokine signaling 3 (SOCS3), leukocyte immu-
noglobulin like receptor (LILR)A4 and LILRA6 (Fig. 4).

Figure 1. Heatmap of the 50 most upregulated and downregulated differentially expressed genes in patients with ankylosing spondylitis compared with the 
normal controls.
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PPI network. Based on the BioGrid, the proteins interacted 
with the proteins encoded by the top 100 most upregulated 
and downregulated DEGs were searched. After removal of the 
proteins that were not encoded by DEGs in AS, a AS‑specific 
PPI network was constructed, consisting of 92 nodes and 
76 edges (Fig. 5). The proteins which were integrated with at 
least five proteins encoded by DEGs in AS (degree ≥5) were 
defined as hub proteins in the AS‑specific PPI network in the 
study. The PPI network revealed that interferon‑stimulated 
gene (ISG)15 (degree, 9), heat shock protein family B member 
1 (degree, 6), microtubule‑associated proteins 1A/1B light 
chain 3A (MAPILC3A; degree, 5), interferon‑induced protein 
with tetratricopeptide repeats, IFIT1 (degree, 5), IFIT3 
(degree, 5) and SOCS3 (degree, 5) were hub proteins. In addi-
tion, the clustering coefficients of IFIT3 and SOCS3 were 0.5 
and 0.1 respectively.

AS‑specific transcriptional regulatory network. A total of 
49 TFs which regulated the expression of the top 10 most 
upregulated and downregulated DEGs in AS were identi-
fied and the AS‑specific transcriptional regulatory network 
of the 10 most upregulated and downregulated DEGs was 
constructed, which consisted of 69 nodes and 127 edges 
(Fig. 6). In this network, POU domain class 2 transcription 

factor 1 (1‑Oct), paired box gene 4, hepatocyte nuclear factor 
(HNF)‑4, natural killer 2 homeobox 5, ecotropic virus 
integration site‑1 (Evi‑1) and HNF‑1 regulated the majority 
of the 10 most upregulated and downregulated DEGs 
(Table II).

Discussion

In the present study, RNA‑Seq was used to identify 503 DEGs 
(338 upregulated and 165 downregulated) in patients with 
AS compared with the NC group. To further investigate the 
pathogenesis of AS at a molecular level, functional annota-
tion, PPI network construction and AS‑specific transcriptional 
regulatory network construction were performed.

IFIT1, IFIT3 and radical S‑adenosyl methionine domain 
containing (RSAD2) were in the 10 most upregulated DEGs 
identified in patients with AS. In addition, the patients with AS 
included in the present study were all positive for HLA‑B27. 
The expression of HLA‑B27 is able to cause deficiencies in the 
interferon (IFN) signaling pathway, suggesting that the IFN 
signaling pathway may be associated with the pathogenesis of 
AS (32). IFIT1, IFIT3 and RSAD2 are ISGs (33) that are asso-
ciated with the IFN signaling pathway. It has previously been 
demonstrated that IFIT3 is downregulated in disease‑prone 

Table I. Top 10 most upregulated and downregulated DEGs in patients with ankylosing spondylitis.

A, Upregulated DEGs

Gene	 log2 fold change	 t‑value	 P‑value 

SIGLEC1	 3.25845	 4.26359	 5.0x10‑5

VSIG4	 4.02414	 4.19381	 5.0x10‑5

BATF2	 2.55908	 3.45345	 5.0x10‑5

IFIT1	 2.09875	 3.29697	 5.0x10‑5

IFIT3	 2.14216	 3.1677	 5.0x10‑5

SERPING1	 2.00997	 3.03775	 5.0x10‑5

RSAD2	 2.45907	 2.96724	 5.0x10‑5

CASP5	 3.04181	 2.93592	 5.0x10‑5

MCEMP1	 2.20974	 2.92794	 5.0x10‑5

LOC441081	 2.63115	 2.79881	 5.0x10‑5

B, Downregulated DEGs

Gene	 log2 fold change	 t‑value	 P‑value 

GPR162	 ‑2.24236	 2.24236	 5.0x10‑5

HAPLN3	 ‑2.47863	 ‑2.47863	 5.0x10‑5

PTGDS	 ‑2.64354	 ‑2.64354	 5.0x10‑5

FCGBP	 ‑2.32069	 ‑2.32069	 2.5x10‑4

GZMM	 ‑2.06931	 ‑2.06931	 5.5x10‑4

SH2D1B	 ‑1.91722	 ‑1.91722	 6.0x10‑4

TIGD3	 ‑2.05767	 ‑2.05767	 6.0x10‑4

LGALS9C	 ‑1.91957	 ‑1.91957	 6.5x10‑4

KIR2DL3	 ‑2.24251	 ‑2.24251	 9.5x10‑4

COL6A2	 ‑1.87265	 ‑1.8726	 1.4x10‑3
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HLA‑B27 transgenic rats and patients with SpA (32). In the 
present study IFIT1, IFIT3 and RSAD2 were upregulated in 
patients with AS. Furthermore, the PPI network identified 
IFIT1 and IFIT3 as hub genes. These results suggest that these 
three DEGs may affect the progression of AS through the IFN 
signaling pathway.

KEGG pathway enrichment analysis demonstrated that 
osteoclast differentiation was a significantly enriched pathway 
of the DEGs identified in patients with AS. Excessive and 
ectopic bone formation with concomitant systemic bone loss 
occurs in patients with AS, suggesting that osteoclasts are 
important in the progression of AS (3,34‑37). Osteoclast differ-
entiation has also been reported to serve a crucial role in the 
development of AS (2,3). Taken together, these reports suggest 
that osteoclast differentiation‑associated DEGs (FCGR1A, 

FCGR2B, FHL2, ITGB3, STAT2, SOCS3, LILRA4 and 
LILRA6) may be associated with the pathogenesis of AS. 
Of these DEGs, FCGR2B and STAT2 have previously been 
reported to be correlated with AS (7,38‑41).

FCGR2B belongs to the immunoglobulin super 
family (42). FCGRs have been reported to serve an important 
role in immune responses (38,39) and FCGR2B deficiency 
may contribute to autoimmune diseases (40,41). The number 
of FCGR2B‑postive B cells and the expression of FCGR2B 
have been reported to be downregulated in patients with 
rheumatoid arthritis  (40). Furthermore, FCGR2B gene 
polymorphisms have previously been demonstrated to be 
associated with autoimmune diseases, including AS (8). In 
the present study, FCGR2B was identified to be upregulated 
in AS, which suggests that the dysregulation of FCGR2B may 

Figure 3. Enriched Kyoto Encyclopedia of Genes and Genomes signaling pathways for the differentially expressed genes identified in patients with ankylosing 
spondylitis.

Figure 2. Top 20 most enriched gene ontology terms for the differentially expressed genes identified in patients with ankylosing spondylitis.

https://www.spandidos-publications.com/10.3892/etm.2017.5556
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Figure 4. Osteoclast differentiation signaling pathway. The DEGs identified in patients with ankylosing spondylitis were significantly enriched in the osteoclast 
differentiation signaling pathway. Red rectangles represent downregulated DEGs. DEG, differentially expressed gene.

Figure 5. AS‑specific protein‑protein interaction network. Nodes (circles) represent the proteins encoded by DEGs. The radius of the circle indicates the 
significance of enrichment, a red color indicates that the DEG is upregulated and a green color indicates that the DEG is downregulated. DEG, differentially 
expressed gene.
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be associated with the progression of AS, potentially through 
regulating autoimmunity and osteoclast differentiation. 
However, the precise role of FCGR2B in the development and 
progression of AS requires further research.

STAT2, a member of the STAT gene family, has been 
reported to be associated with AS  (7). A previous study 
reported that STAT2 mRNA and protein expression were 

significantly reduced in patients with AS cases compared with 
NCs (7). However, the RNA‑Seq results in the present study 
demonstrated that STAT2 was upregulated in patients with 
AS. The results of the current study suggest that STAT2 may 
serve a role in AS via regulating the osteoclast differentiation 
signaling pathway, although large scale studies are required to 
investigate this further.

Table II. Top six transcription factors regulating the majority of differentially expressed genes identified in patients with anky-
losing spondylitis. 

TF	 No. of DEGs regulated	 DEG

1‑Oct	 13	 SH2D1B, RSAD2, LOC441081, VSIG4, IFIT1, IFIT3,
		  SERPING1, CASP5, BATF2, GPR162, LGALS9C,
		  KIR2DL3, MCEMP1
Pax‑4	 13	 SH2D1B, LOC441081, IFIT3, IFIT1, SERPING1,
		  BATF2, TIGD3, HAPLN3, LGALS9C, GZMM,
		  MCEMP1, COL6A2, KIR2DL3
HNF‑4	 7	 SH2D1B, RSAD2, LOC441081, VSIG4, IFIT3, BATF2,
		  COL6A2
Nkx2‑5	 7	 IFIT3, IFIT1, SERPING1, BATF2, LGALS9C, GZMM,
		  KIR2DL3
Evi‑1	 6	 SH2D1B, SERPING1, CASP5, BATF2, LGALS9C,
		  KIR2DL3
HNF‑1	 6	 RSAD2, LOC441081, IFIT1, CASP5, GPR162, KIR2DL3

DEG, differentially expressed gene; TF, transcription factor.

Figure 6. Ankylosing spondylitis‑specific transcriptional regulatory network. Blue rhombuses represent downregulated DEGs, and red rhombuses represent 
upregulated DEGs. Rectangles represent TFs. The lines indicate TF‑DEG pairs. DEG, differentially expressed gene; TF, transcription factor.

https://www.spandidos-publications.com/10.3892/etm.2017.5556
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With the exception of FCGR2B and STAT2, the results 
of the present study indicate that the other six osteoclast 
differentiation‑associated DEGs (FCGR1A, FHL2, ITGB3, 
SOCS3, LILRA4 and LILRA6) may be associated with the 
development of AS. In particular, overexpression of SOCS3 
was identified in B27‑transgenic rats and patients with spondy-
loarthritis, which may be induced by HLA‑B27 and involve in 
the pathogenesis of spondyloarthritis (32). In the present study, 
SOCS3 was identified to be a hub gene in the PPI network, 
and was upregulated in the AS group compared with the NC 
group. These results suggest that SOCS3 dysregulation may 
cause susceptibility to the development of AS, which is due to 
its function in osteoclast differentiation.

Based on the AS‑specific transcriptional regulatory network 
constructed in the present study, two TFs, Evi‑1 and 1‑Oct, were 
identified as being particularly important in AS. Evi‑1 is a TF 
that regulates numerous osteoclast differentiation‑associated 
genes and may affect skeletal health (43). Deletion of Evi‑1 in 
hematopoietic cells in adult mice has been demonstrated to 
induce an increase in osteoclast precursors (44,45). Bone loss 
due to an increased number and activity of osteoclasts has also 
been reported in mice with Evi‑1 deletion (43). Evi‑1 is there-
fore thought to inhibit osteoclast precursor cell abundance, 
and osteoclastic activity and formation, which contributes to 
overall bone mass (43). In the present study, Evi‑1 was one 
of the six TFs that regulated the majority of DEGs identified 
in patients with AS. These results suggest that Evi‑1 may be 
associated with AS via regulating osteoclastogenesis, bone 
resorption and osteoclast differentiation.

Another TF, 1‑Oct was also identified to be one of the six TFs 
that regulated the majority of DEGs identified in patients with 
AS. 1‑Oct regulates the induction of activation‑induced cyti-
dine deaminase, which in turn regulates the balance between 
efficient immunity and autoimmunity (46). Dysregulation of 
1‑Oct may therefore be associated with autoantibody‑mediated 
autoimmune disease by altering this balance. Systemic lupus 
has been reported to be correlated with an upregulation of 
1‑Oct in B cells (47,48). Notably, IFIT1 and IFIT3 are targets 
of 1‑Oct. These results suggest that 1‑Oct is associated with 
the pathogenesis of AS.

In conclusion, the results of the present study indicate 
that osteoclast differentiation, the IFN signaling pathway 
and genes associated with these two signaling pathways are 
associated with the pathogenesis of AS. Evi‑1 and 1‑Oct may 
be crucial TFs that are associated with AS via regulating bone 
mass, and the balance between efficient immunity and autoim-
munity. These findings may provide a basis for elucidating the 
pathogenesis of, and developing novel diagnostic and thera-
peutic strategies for AS. However, the small sample size for 
RNA‑sequencing is a limitation of the present study, therefore 
studies with a larger sample size are required to further eluci-
date the present findings.
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