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Ankylosing spondylitis (AS) is a disease that causes pathological changes in the spine and sacroiliac joints.
Numerous studies have shown that the characteristics of AS differ between males and females. The purpose
of this study was to discover the key molecules that contribute to sex-associated differences in AS, which may
provide a new molecular target for personalized treatment.

The gene expression profile of GSE39340 was downloaded from the Gene Expression Comprehensive data-
base, and 2 groups (AS vs. No-AS groups and male AS vs. female AS groups) of differentially expressed genes
(EDGs) were obtained by GEO2R. The DAVID database was used for DEGs function and enrichment analysis.
Based on data in the STRING online database, a protein—protein interaction (PPI) network was constructed in
Cytoscape. Hub genes were selected from CytoHubba. With the intersection of the top 30 hub genes of 2 sets
of EDGs, genes coexisting with the KEGG-related pathway were found.

We screened 560 genes between the AS and No-AS groups, and screened 710 genes that were differentially
expressed between the male and female AS groups. GO analysis showed that DEGs were mainly co-enriched in
molecular functions, including structural constituent of muscle. The KEGG pathway mainly included the struc-
tural constituent of muscle. Seven hub genes were obtained. Troponin C2 and fast skeletal type (TNNC2) were
the key genes participating in the calcium signaling pathway.

This study contributes to understanding the molecular biological mechanism underlying sex-associated differ-
ences in AS. TNNC2 and calcium signaling pathway may be new targets for the individualized treatment of AS.

Neuroimmunomodulation ¢ Sex Characteristics ¢ Signal Transduction

AS - ankylosing spondylitis; HLA-B27 — major histocompatibility complex class | allele human leuco-
cyte antigen B27; ERAP1 - endoplasmic reticulum aminopeptidase 1; IL — interleukin; CRP — c-reac-
tive protein; DEGs — differentially expressed genes; FC - fold change; GEO — gene expression omnibus;
GO - gene ontology; KEGG — Kyoto Encyclopedia of Genes and Genomes; PPl — protein—protein inter-
action; STRING - search tool for the retrieval of interacting genes; FN1 - fibronectin 1; CXCR4 — C-X-C
motif chemokine receptor 4; TNNT3 - troponin T3 fast skeletal type; TNNI2 - troponin 12, fast skeletal
type; TNNC2 - troponin C2, fast skeletal type; MYH7 — myosin heavy chain 7; LDB3 — LIM domain bind-
ing 3
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patients with AS, and their radiological progression is fast-
er, while women may have more peripheral arthritis [16-19].

Ankylosing spondylitis (AS) is a chronic, inflammatory, immu-
nological disease that mainly affects the axial joints, including
the sacroiliac joints and spine. The disease can lead to chronic
pain and progressive damage to the joints. In severe cases, joint
stiffness can develop, which ultimately affects patients’ qual-
ity of life [1-4]. There are many studies on the overall patho-
genesis of AS involving heredity, environment, intestinal dis-
eases, and intracellular environmental barriers [2,5-8]. Genetic
factors are generally considered to be the most influential fac-
tors, including major histocompatibility complex class I allele
human leucocyte antigen B27 (HLA-B27), endoplasmic retic-
ulum aminopeptidase 1 (ERAP1), and the interleukin (IL)-17/
IL-23 pathway [2,7,9-11]. Some studies have shown that 90—
95% of AS patients are HLA-B27-positive, but only 1%-2% of
HLA-B27-positive people have AS [9,12]. The involvement of
the ERAP1 and IL-17/IL-23 pathways has also been suggest-
ed [13,14]. AS appears to be caused by the abnormal expres-
sion of various genes, but the underlying mechanism has not
yet been fully elucidated.

Some researchers have shown that OA is most common in
young males [2,15]. Qian et al. found that the male-female
ratio of patients with AS was 2.7: 1, and men were more like-
ly to be hla-b27 carriers than women, with a higher level of
c-reactive protein (CRP). Other researchers have suggested
that the incidence of spinal cord changes is higher in male

In addition, the effect of drugs on the treatment of AS is sex-
dependent [19-21]. The differences in clinical characteristics
and therapeutic effects of AS in males and females have been
confirmed [15,17-21]. Moreover, there is no obvious evidence

of sex hormones as a trigger [20,22-24].

To the best of our knowledge, there has been

no published re-

search on differentially expressed genes (DEGs) in males and
females with AS. Investigation of key genes contributed to the
exploration of the different characteristics of AS between the
sexes. We used multiple bioinformatics methods to analyze
the data in GSE39340. The purpose of the study was to dis-
cover the key molecules that cause sex-associated differenc-
es in patients with AS, which may improve understanding of
the biological characteristics of AS and provide new molecu-

lar targets for personalized treatment.

Material and Methods

Microarray data

Data (GSE39340) were obtained from GPL10558 (Illumina hu-
manht-12 V4.0 expression beadchip), including 5 AS samples

(3 males, 2 females), 7 osteoarthritis samples,

and 10 rheuma-

toid arthritis samples. All samples were divided into 2 groups:
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Figure 1. Active volcano map of DEGs, screening criteria: P<0.05 and |logFC|>2. The red dots represent upregulated genes and the
green dots represent downregulated genes. (A) Volcano map of DEGs between AS and No-AS groups; (B) Volcano map of

DEGs between male and female AS groups.
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Figure 2. Heat map of the top 100 DEGs (50 upregulated and 50 downregulated). Red is the upregulated gene, and blue is the
downregulated gene. (A) DEGs heat map between AS and No-AS groups. (B) DEGs heat map between male and female AS

groups.
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Figure 3. GO enrichment analysis of DEGs between AS and No-AS groups. The function of DEGs in tissues is described according to
its GO characteristics (biological process, molecular function, cell components). The top 5 items for each category are shown
in the figure. The color of the dot represents the -log10 (p-value) of the item. The size of the dot represents the number of
genes with the given GO annotation. (A) AS and No-AS groups, (B) M-AS and F-AS groups.

an AS group and a No-AS group. AS patients were further di- saved in the file format, and the truncation condition of DEGs
vided into 2 groups: a male AS (M-AS) group and a female AS ~ was set as: adj. P<0.05, and |log (fold change) |>2.

(F-AS) group. The data were analyzed and compared as de-

scribed below. This research was based on the data in an open GO and KEGG enrichment analysis

database; therefore, ethics requirements and patient consent

were not required. The DEGs of the 2 groups were analyzed in the DAVID data-
base (DAVID version: 6.8) for GO and KEGG enrichment [26].
Data processing The first 10 analysis results were illustrated using WPS Office

(version: 2009 11.1.0.9339).
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) is an online
analysis tool used to identify DEGs [25]. We used GEO2R to
identify DEGs between the AS and No-AS groups, and DEGs
between M-AS patients and F-AS patients. The results were
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Figure 4. KEGG pathway analysis of DEGs. Ten most important pathways are shown, with yellow column representing -log10 (p-value)
and green representing the number of proteins involved in the pathway. (A) AS group and No-AS group; (B) M-AS group and

F-AS group.

PPI network construction

We integrated the DEGs into the PPI network separately, and
used STRING [27] (version 11.0) to evaluate the interaction be-
tween DEGs. A composite score of >0.4 was considered to be a
statistically significant interaction. The results of PPl network
analysis were loaded into Cytoscape (version: 3.6.1) software
for visual adjustment.

Identification of hub genes

Cellhubba [28] (version 0.1) is a plug-in in Cytoscape software
used to identify hub genes from PPI networks. The first 30 hub
genes of the 2 PPl networks were intersected using a Venn di-
agram to obtain the key genes, and the pathways related to
the key genes were searched and analyzed.

Results

Identifying and assessing differentially expressed genes

According to GEO2R screening analysis, there were 699 DEGs
(332 upregulated genes and 367 downregulated genes) be-
tween the AS group and the No-AS group, and 710 DEGs (264

This work is licensed under Creative Common Attribution-
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upregulated genes and 446 downregulated genes) between
the M-AS group and the F-AS group. Volcano maps and heat
maps showed significant genetic differences between the
groups (Figures 1A, 1B, 2A, 2B).

GO functional enrichment analysis

The DAVID database was used to carry out the GO enrichment
analysis of DEGs. Two groups of DEGs were enriched with GO
function, as shown in Figure 3. The results showed that 2 groups
of DEGs had some commonality in GO enrichment. In the bio-
logical process, DEGs of the 2 groups mainly concentrated on
the following processes: muscle filament sliding, skeletal muscle
contraction, and cell adhesion. In terms of cell components, the 2
groups mainly share Z disc. In terms of molecular function, the 2
groups mainly share structural constituent of muscle, actin bind-
ing, and calcium ion binding. Figure 3 shows that EDGs of the 2
groups tended to converge on the molecular functions (Figure 3).

KEGG pathway enrichment analysis

KEGG analysis was performed separately and the analysis of
pathways of the top 10 KEGG genes in the 2 groups were visu-
ally displayed (P<0.05) (Figure 4A, 4B). The mutual enrichment
pathways in the 2 groups were: hypertrophic cardiomyopathy
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Figure 5. All DEGs PPI networks are visualized in Cytoscape. Red balls represent the upregulated DEGs and green diamonds represent
the downregulated DEGs. (A) AS group and No-AS group; (B) M-AS group and F-AS group.

(HCM), adrenergic signaling in cardiomyocytes, glucagon sig-
naling pathway, dilated cardiomyopathy, and calcium signal-
ing pathway.

PPI network construction

The STRING database was used to evaluate the interaction
between the 2 groups of DEGs, and the PPI network structure

was constructed. Data were entered into Cytoscape for visual
adjustment. The DEGs visualization between the AS and No-
AS groups had 596 nodes and 1670 edges (Figure 5A). The
DEGs visualization between the M-AS and F-AS groups has
600 nodes and 1258 edges (Figure 5B).
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Figure 6. Top 30 genes in Degree score from CytoHubba. (A) AS group and No-AS group; (B) M-AS group and F-AS group. Balls
represent the upregulated DEGs and diamonds represent the downregulated DEGs.

Identification of hub genes

The top 30 hub genes were obtained using CytoHubba
(Figure 6A, 6B). The intersection of 30 genes of the 2 groups
resulted in 7 genes: FN1, CXCR4, TNNT3, TNNI2, TNNC2, MYH?7,
and LDB3 (Figure 7A, 7B). The upregulated and downregulat-
ed expressions of these 7 genes were different in different
groups (Table 1). TNNT3 and FN1 were among the top 10 hub
genes. TNNC2 and MYH7 genes were involved in the top 10
KEGG pathways in the 2 groups. The key KEGG pathways were

calcium signaling pathway and adrenergic signaling in cardio-
myocytes (Figure 8).

Discussion

The clinical manifestations and therapeutic effects of AS are ob-
viously different in males and females. Grubisi et al. [29] indi-
cated that the distribution of clinical manifestations and spe-
cific radiological characteristics of AS in the sacroiliac joint and
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AS and No-AS group

M-AS and F-AS group

Figure 7. Intersection of the top 30 key genes of DEGs in 2
groups.

axial bone was sex-dependent, and that male sex is one of the
risk factors associated with poor prognosis of AS. Jung et al. [30]
found that, on average, males were younger at the time of on-
set of symptoms, had a higher positive rate of HLA-b27, and had
a greater degree of involvement of the spinal cord on imaging,
whereas females tended to have less spinal involvement and
better mobility, but had a higher incidence of plantar fasciitis.
Jiménez-Balderas et al. [31] suggested that male patients were
more likely than females to have uveitis, bamboo spine, and hip
arthroplasty. Calin et al. [32] found that female patients with AS
tended to have a longer delay in diagnosis and thus can miss
the optimal treatment time. The above studies show that male
patients with ankylosing spondylitis tend to have earlier symp-
toms, more rapid progression, and more severe radiologic find-
ings, while female patients tend to have milder symptoms and
to account for a smaller proportion of cases. These character-
istics may be why many female patients with AS are not diag-
nosed, which also inevitably affects the accuracy of clinical re-
search. Autoimmune diseases such as rheumatoid arthritis and
systemic lupus erythematosus are more common in women [33].

YuC.etal:
A mechanism underlying sex-associated differences in ankylosing spondylitis...
© Med Sci Monit, 2020; 26: €925179

Some studies have shown that estrogen plays an important role
in autoimmune diseases [34,35] Jeong et al. [36] reported that
estrogen may also be associated with the radiological progres-
sion of AS. Aydin et al. [37] suggested that bone loss in male
AS patients might be related to the level of dehydroepiandros-
terone sulfate. Although AS is also considered to be an autoim-
mune disease, it often occurs in males [15,16] Giltay et al. [22]
found that serum testosterone levels of AS patients often did
not increase. Studies have also found that the relevant sex ste-
roid hormones cannot directly explain the male predominance
in AS, nor its sex-associated characteristics [23,38]. Therefore,
we conducted bioinformatics analysis of DEGs in combination
with sex differences of patients (AS vs. No-AS group, M-AS vs.
F-AS group), and found that the 2 groups of DEGs had common
characteristics in GO function and KEGG pathway. In the GO
functional analysis, the EDGs of the 2 groups mainly involved
molecular function, including: structural constituent of muscle,
actin binding, and calcium ion binding. The common character-
istics of the KEGG pathway mainly included: adrenergic signal-
ing in cardiomyocytes and calcium signaling pathway. Seven
hub genes were obtained: FN1, CXCR4, TNNT3, TNNI2, TNNC2,
MYH7, and LDB3. TNNC2, as the key gene, was involved in the
calcium signaling pathway, which may be the main mechanism
underlying sex-associated differences in AS (Figure 9).

Compared with other tissues, these hub genes are highly ex-
pressed in the prostate of normal people [39]. TNNT3, TNNI2, and
TNNC2 are involved in coding skeletal muscle proteins for rapid
twitching. Changes in Ca2+ concentration affect the structure of
their coding proteins and regulate rapid skeletal muscle contrac-
tion [40,41] Robinson et al. [41] reported that mutations in these
genes can result in distal arthrogryposes, a disease characterized
by congenital distal limb contracture, with no apparent neuro-
logical or muscular disease. Tomasselli et al. [42] reported that
TNNC2 is one of the substrates of human immunodeficiency vi-
rus protease. These hub genes seem to share a common trait:
they are highly expressed in prostate tissue and participate in
skeletal muscle activity, although there is still little research on
TNNC2. Further studies are needed to determine whether the male

Table 1. Expression of 7 hub key genes in different subjects in different groups.

AS and No-AS group

F-AS and M-AS group

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€925179-10




YuC.etal:
A mechanism underlying sex-associated differences in ankylosing spondylitis...
© Med Sci Monit, 2020; 26: €925179

DATABASE ANALYSIS

Adrenergic signaling in
cardiomyocytes

PPAR signaling pathway

Calcium signaling pathway

Cardiac muscle contraction

Tight junction

Glucagon signaling pathway

Fructose and mannose
metabolism

Proteoglycans in cancer

AMPK signaling pathway

(XCR4

TNNT3

TNNT2

Malaria TNNC2

MYH7

LDB3

AS and No-AS group gene

Adrenergic signaling in
cardiomyocytes

Calcium signaling pathway
Hypertrophic cardiomyopathy
(HCm)

Dilated cardiomyopathy
Pancreatic secretion

Glucagon signaling pathway

Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

Axon guidance
Gastric acid secretion

Tuberculosis

M-AS and F-AS group

contraction

@ + | TWQ

cytoplasm

Calcium signaling pathway

Figure 9. Role of TNNC2 in calcium signaling pathway.

prostate and skeletal muscle are involved in AS. We also found
that the expression of these genes was not significantly different
between males and females in the No-AS groups (P>0.05). This
further confirms that there are significant sex-associated differ-
ences in the expression of these genes only in patients with AS.

Ca2+ is an intracellular messenger that has an important role
in cellular physiological activities. It involves stabilization of the
intracellular environment and cell contraction. The calcium sig-
naling pathway is an important pathway in which Ca2+ plays
a role [43]. Tu et al. [44] indicated that the calcium signaling
pathway plays a key role in the development, maintenance,
and regeneration of skeletal muscle. Feske [45] found that

Figure 8. Connections between 2 groups of KEGG pathways and 7 hub genes.

abnormalities of the calcium signaling pathway could induce
severe immunodeficiency diseases. As a participant in the cal-
cium signaling pathway, TNNC2 also plays an important role in
maintaining the normal physiology of the human skeletal mus-
cle system. Abnormalities of TNNC2 can lead to abnormalities
of physiological functions of skeletal muscles, ligaments, and
bone cells through the calcium signaling pathway, and induce
the sex-associated differences in clinical characteristics of AS.

Conclusions

The topic of sex-based differences in AS warrants further discus-
sion. TNNC2 appears to affect skeletal muscle contraction through
the calcium signaling pathway, which contributes to the sex-asso-
ciated differences in patients with AS. FN1, CXCR4, TNNT3, TNNI2,
MYH7, and LDB3 were all involved. These findings contribute to
understanding of the pathogenesis and therapeutic targets of AS.

Limitations

This study has some limitations and further research is need-
ed to verify the role of these genes and their expression in
disease processes, including cellular or animal experiments.
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