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Crucial role of IncRNA NONHSAG037054.2 and GABPA, and
their related functional networks, in ankylosing spondylitis
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Abstract. Long non-coding RNAs (IncRNAs) have been previ-
ously researched in ankylosing spondylitis (AS). Nevertheless,
there are few studies of IncRNAs and mRNAs associated with
the pathogenesis of AS. Differentially expressed IncRNAs
(DEIncRNAs) and mRNAs (DEmRNASs) between AS and
normal samples were assessed using the R limma package.
DOSE packages and ‘clusterProfiler’ were exploited for gene
enrichment analysis. The functional association of proteins
and protein interactions was assessed using the STRING data-
base. To investigate the important genes and subnetworks in
the protein-protein interaction network, the MCODE plug-in
in the Cytoscape software was utilized. The gene mRNA was
examined via reverse transcription-quantitative PCR. In total,
152 DEmRNAs and 204 DEIncRNAs were observed between
normal and AS samples. A total of 68 candidate genes related
to DEIncRNA were identified. These candidate genes were
enriched in 30 cellular component terms, 22 molecular
functions, 83 biological processes, 9 Kyoto Encyclopedia
of Genes and Genomes, and 36 disease ontology pathways.
NONHSAGO037054.2 was the most related IncRNA to genes,
and GABPA was the most connected gene to IncRNA in
AS. The NCBI/GenBank accession number of the IncRNA
NONHSAGO037054.2 was not found because it is not included
in NCBI. The information of IncRNA NONHSAGO037054.2
can be found at the website (http://www.noncode.
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org/show_gene.php?id=NONHSAGO037054 and https://www.
genecards.org/cgi-bin/carddisp.pl?gene=ACAP2-IT1). In total,
13 microRNAs (miRNAs) and 46 miRNAs associated with
NONHSAGO037054.2 and GABPA, respectively, were found. A
total of 173 RNA-binding protein genes were associated with
both NONHSAGO037054.2 and GABPA. In addition, GABPA
was downregulated in AS samples, suggesting it may have
diagnostic value in AS. In conclusion, NONHSAG037054.2
and GABPA are associated with AS. GABPA was down-
regulated in AS, and it could serve as a novel diagnostic factor
for AS.

Introduction

Ankylosing spondylitis (AS) is a long-term inflammatory
rheumatic disease resulting from an autoimmune imbal-
ance (1), and it is a type of spondyloarthropathy (2). Spinal
stiffness and persistent back pain are the most typical signs
of AS (3). In addition, peripheral (spondylitis and arthritis)
and extra musculoskeletal manifestations, such as monocular
uveitis, inflammatory bowel disease, psoriasis and osteopo-
rosis, are also common (4,5). A meta-analysis, which included
8 studies, among 2236 AS patients revealed that the preva-
lence rates for arthritis (29.7%), enthesitis (28.8%), psoriasis
(10.2%), and inflammatory bowel disease (4.1%) were similar
to non-radiographic axial spondyloarthritis (nr-axSpA), except
for that uveitis was higher in AS (23.0%) than nr-axSpA (6).
The mainstay of treatment for AS is medication, including
interleukin-17 inhibitors, tumor necrosis factor inhibitors and
non-steroidal anti-inflammatory medications. Janus kinase
inhibitors have also demonstrated effectiveness in easing
AS symptoms (5). However, there remain some AS patients
who do not respond to any of these drugs. Thus, it is crucial
to explore the underlying mechanisms of AS to elucidate the
pathogenesis of AS and provide additional information for
the development of diagnostic, therapeutic and prognostic
monitoring tools for patients with AS.

Long non-coding RNAs (IncRNAs) are transcripts
>200 nucleotides that do not code for proteins (7). LncRNAs
are involved in controlling gene expression at a variety of
levels to create epigenetic, transcriptional and post-transcrip-
tional effects and exert their biological functions through
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different molecular mechanisms (8,9). LncRNAs are impor-
tant for the control of biological processes, including immune
response (10), cell proliferation, migration, invasion (11,12)
and apoptosis (13). Recently, it has become increasingly
evident how IncRNAs modulate the pathophysiology of auto-
immune disorders (14). For instance, Li et al (14) examined
the profiles of mRNA and IncRNA and found that mRNA and
IncRNA expression patterns differed between patients with
AS vs. healthy controls, although the regulatory mechanism of
IncRNA in AS remains unclear. Furthermore, in T cells of AS,
peripheral blood mononuclear cells, whole blood cells, and
IncRNAs were involved in modulating critical pro-inflamma-
tory cytokines such as IL-6, TNF-a and IL-1f (15). However,
to the best of the authors' knowledge, combining IncRNA
and mRNA data for deep mining of pathogenic targets in AS
has rarely been reported. Thus, in the present study, the key
pathogenic-related IncRNA and mRNA of AS were explored
and the mechanism of IncRNA-mRNA in AS was investigated.

Materials and methods

Study subjects. Peripheral blood was collected from patients
hospitalized in the Beijing Jishuitan Hospital (Beijing, China)
between January 5, 2021, and December 30, 2021, including
five healthy volunteers and five AS patients. All experiments
were authorized by the hospital's ethics committee (approval
no. 201901-05-02) and conformed to the Declaration of
Helsinki 2013 guidelines. Written informed consent was
provided by all patients. Details of the patients (including sex
and age distribution) are presented in Table SI.

A total of three datasets, GSE25101 (ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE25101) (16), GSE73754 (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE73754) (17)
and GSE221786 (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE221786), were downloaded from the Gene
Expression Omnibus database (GEO; https://www.ncbi.nlm.
nih.gov/geo/). In total, 16 AS and 16 normal samples, 52 AS
and 20 normal samples, and 20 AS and 8 normal samples
were included from the datasets GSE25101, GSE73754 and
GSE221786, respectively.

RNA sequencing. The NEBNext® Ultra™ RNA Library Prep
Kit for Illumina® (cat. no. E7530S; New England BioLabs,
Inc.) was used to construct libraries to be sequenced. The
NEBNext® Poly(A) mRNA Magnetic Isolation Module (cat.
no. E7490S; New England BioLabs, Inc.) kit was used to
enrich poly(A)-tailed mRNA molecules from 1 g of total
RNA, later generating first-strand cDNA and second-strand
cDNA and repair. Purification and enrichment of the prod-
ucts were carried out utilizing PCR to amplify the library
DNA. The obtained libraries were quantified with the
Agilent 2100 Bioanalyzer and KAPA Library Quantification
Kit (Kapa Biosystems; Roche Diagnostics). Lastly, the
libraries were paired-end sequenced on an Illumina HiSeq
sequencer (Illumina, Inc.) with a paired-end read length of
150 base pairs.

Differential gene expression analysis. Differential gene
analysis between groups was conducted using the limma
package in R software (version 4.2.1; https://www.r-project.

org/). Differentially expressed mRNAs (DEmRNAs) and
IncRNAs (DEIncRNAs) were established using P<0.05 and
llogFCl >1 criteria.

Functional enrichment analysis. The candidate genes acquired
were analyzed with the Gene Ontology (GO) Resource
[including cellular component (CC), molecular function
(MF), biological process (BP)] and the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment using
the R language package ‘clusterProfiler’ (18). Enriched KEGG
pathways and GO terms were screened for those with P<0.05.
In addition, a disease ontology (DO) enrichment analysis was
implemented via the DOSE package (19) in R.

Protein-proteininteraction(PPI)and co-expressionnetwork
analyses. The functional correlation of PPI was examined
with STRING (20) (https://string-db.org/, version 11.0). PPI
networks are physical contacts between two or more protein
molecules to mediate the assembly of proteins into protein
complexes (21) which participate in various aspects of
life processes such as biological signal transmission, gene
expression regulation, energy and substance metabolism,
and cell cycle regulation. The PPI network was visualized
through Cytoscape (22) (version 3.7.2). Interactions among
candidate genes were assessed through GENEMANIA
(http://genemania.org/search/) (23). The MCODE
plug-in (24) in the Cytoscape software was employed
to investigate the key genes and subnetworks in the PPI
network (degree cutoff=2, max.Depth=100, k-core=2, and
node score cutoff=0.2).

Prediction of targeting miRNAs. The targeting miRNAs
of GABPA were predicted using TargetScan (release 7.2;
https://www.targetscan.org/vert_72/). The targeting miRNAs
of NONHSAGO037054.2 were predicted using IncRNASNP2
(http://bioinfo.life.hust.edu.cn/IncRNASNP#!/).

Reverse transcription-quantitative (RT-q) PCR. Extraction of
total RNA from peripheral blood was conducted with TRIzol
(cat. no. 15596-028; Beijing Solarbio Science & Technology
Co., Ltd.) and RNA was converted to cDNA using a reverse
transcription kit (cat. no. R202; EnzyArtisan Biotech Co., Ltd.)
according to the manufacturer's instructions. Subsequently,
gPCR was conducted utilizing 2X S6 Universal SYBR qPCR
Mix (cat. no. Q204; Xinbei) on an ABI 7900HT instrument
(Thermo Fisher Scientific, Inc.). The thermocycling conditions
were as follows: Initial denaturation at 95°C for 30 sec, followed
by 40 cycles of denaturation at 95°C for 3 sec, and annealing
and extension at 60°C for 10 sec. 3-actin acted as an internal
control. The primer sequences are listed in Table I. The mRNA
fold variation was calculated with the 2-24¢9 method (25).

Statistical analysis. Continuous variables with normal distri-
bution are represented as mean (standard deviation). The
student’s-test was used for comparison of means of continuous
variables. Continuous variables with skewed distribution are
represented with median (interquartile range) and compared
using Wilcoxon rank-sum tests. The correlation between quan-
titative variables was measured using Pearson or Spearman
coefficient.. Correlation analysis was performed with the ‘cor’
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Table I. The primer sequences used in reverse transcription-quantitative PCR.

Gene name Primer sequence (5'—3")
[-actin F: CCTGGCACCCAGCACAAT
R: GGGCCGGACTCGTCATAC
NONHSAGO037054 .2 F: TGTGTGTATGTGAAGGTGGCA
R:TCCTTGAATGAAAGTGTTGGTGC
GABPA F: AAGAACGCCTTGGGATACCCT

R: GTGAGGTCTATATCGGTCATGCT

F, forward; R, reverse.

function in R software (version 4.2.1; https://www.r-project.
org/) was used for all statistical analyses, and P<0.05 was
considered to indicate a statistically significant difference.

Results

Identification of DEmRNAs related to DEIncRNAs between
AS and normal samples. The DEIncRNAs and DEmRNAs
between AS and normal samples were first identified. As
revealed in Fig. 1A and B,204 DEIncRNAs, 42 with increased
expression and 162 with decreased expression, were found
in AS samples compared with normal samples. Compared
with normal samples, 152 DEmRNAs were detected in AS
samples, including 35 upregulated mRNAs and 117 down-
regulated mRNAs (Fig. 1C and D). The Pearson correlation
between DEIncRNAs and all mRNAs was next analyzed.
A total of 1900 mRNAs were significantly correlated with
DEIncRNAs and were defined as co-expressed genes. A
cross-over analysis demonstrated that 68 overlapping genes
(candidate genes) were present in co-expressed genes and
DEmRNAs (Fig. 1E).

Functional enrichment of candidate genes. Next, an enrich-
ment analysis was conducted on these 68 candidate genes. It
was found that the candidate genes were enriched in 33 CC,
22 MF, 83 BP and nine KEGG pathways. The first 10 enrich-
ment pathways for the BP, MF, CC and KEGG pathways are
demonstrated in Fig. 2A-D, respectively. These candidate
genes were also enriched in 36 DO pathways, and the first
20 pathways are shown in Fig. 2E. All findings of enrichment
are shown in Table SII.

NONHSAG037054.2 and GABPA are tightly associated with
AS. Based on these 68 candidate genes, an interaction network
was constructed by GENEMANIA (http://genemania.
org/search/). As revealed in Fig. 3A, a total of 491 interaction
sites were identified among these candidate genes, including
360 co-expressions, 76 genetic interactions, 10 physical
interactions, 35 shared protein domains and 10 predicted sites
(Table SIII). Module analysis using the MCODE plug-in in
Cytoscape software indicated five clusters were present. Among
these, cluster 1 had the highest score (4.182) and included
12 genes (Fig. 3B). Next, a PPI network was constructed based
on these 68 candidate genes and their related DEIncRNAs to
obtain the top 10 interacting pairs with the strongest interactions

(Fig. 3C and Table 1I). NONHSAGO037054.2 was the IncRNA
most associated with genes and GABPA was the gene most
connected to IncRNAs in AS patients (Fig. 3B and C; Table II).
The term ‘most gene associated’ refers to ‘strongest associa-
tion with’. The term ‘connected gene’ refers to highest level
of connectivity. Therefore, NONHSAGO037054.2 and GABPA
were found to be tightly correlated with AS.

A total of 46 targeting miRNAs of GABPA were predicted
by the TargetScan (https://www.targetscan.org/vert_72/)
website, while 13 targeting miRNAs of NONHSAG037054.2
were predicted by IncRNASNP2 (http://bioinfo.life.hust.edu.
cn/IncRNASNP#!/). ceRNA network refers to the intercon-
nected regulatory network consisting of a class of RNAs with
miRNA binding sites which can competitively bind miRNA,
influencing gene expression and cellular processes (26).
ceRNA network plays crucial roles in fine-tuning gene regu-
lation, cell signaling and disease pathogenesis, providing
a comprehensive understanding of RNA-mediated regula-
tory mechanisms. Next, a ceRNA network was constructed
using NONHSAGO037054.2, GABPA and their predicted
miRNAs (Fig. 3D).

A total of 1542 RNA-binding protein (RBP) genes from a
previous study (Table SIV) (27) were downloaded and the corre-
lation of RBP genes with GABPA and NONHSAG037054.2
was calculated to select the RBP genes significantly associated
with NONHSAGO037054.2 and GABPA. An RBP interaction
network was then constructed using NONHSAG037054.2,
GABPA and their associated RBP genes. A total of 173 RBP
genes were associated with both NONHSAGO037054.2 and
GABPA (Fig. 3E and Table SV).

NONHSAGO037054.2 and GABPA are downregulated in
AS samples. The GSE25101 and GSE73754 datasets were
combined and the GABPA expression in normal and AS
samples was analyzed. As demonstrated in Fig. 4A and B,
GABPA was significantly downregulated in AS samples in
both the combined dataset and the local sequencing dataset.
Overall, the levels of both NONHSAGO037054.2 and GABPA
expression were significantly decreased in the peripheral
blood of patients with AS (Fig. 4C and D).

GABPA has diagnostic value in AS. To determine whether
GABPA has diagnostic value in AS, the receiver operating
characteristic curve was plotted using a combined cohort
(GSE25101 and GSE73754) and the GSE221786 cohort.
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Figure 1. Identification of DEGs related to DEIncRNAs between AS and normal samples. (A) The volcano plot and (B) heatmap of DEIncRNA between AS
and normal samples. (C) The volcano plot and (D) heatmap of DEGs between AS and normal samples. (E) The overlapping genes between co-expressed genes
and DEGs groups. DEGs, differentially expressed genes; DEIncRNA, differentially expressed long non-coding RNA; AS, ankylosing spondylitis.

GSE25101 and GSE73754 were merged as a combined
cohort due to its low sequence quality and unbalanced
ratio of female and male AS patients. There are differ-
ences in sequence quality between the combined cohort
and GSE221786. The GSE25101 and GSE73754 datasets
were released in 2010 and 2015, respectively, and were

sequenced using the Illumina HumanHT-12 V3.0 and
INlumina HumanHT-12 V4.0 platforms. GSE221786, was
released in 2023 and sequenced using the Illumina NovaSeq
6000 platform. In total, GSE25101 and GSE73754 datasets
belong to the same class from sequence quality. AS is more
commonly diagnosed in men, with a ratio of 3:1 compared
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Figure 2. Functional enrichment of candidate genes. The top significantly enriched 10 (A) BP, (B) MF, (C) CC and (D) Kyoto Encyclopedia of Genes and
Genomes pathways. (E) The top 20 significantly enriched pathways. BP, biological process; MF, molecular function; CC, cellular component.

with women (28). In the AS patient group in GSE73754,
there is an equal number of females and male patients
(10 female and 11 male patients). However, both GSE25101
and GSE73754 exhibit an imbalance in sex distribu-
tion. To generate a more unbiased estimate of diagnostic
value, GSE 25101 and GSE73754 were combined in order
to achieve approximately an equal number of female and
male samples. GABPA displayed diagnostic value for AS in
both the combined [area under the curve (AUC)=0.653] and
GSE221786 (AUC=0.612) cohorts (Fig. 5A and B).

Discussion
LncRNAs affect the course of human diseases by regu-

lating gene expression (29). In the present study, the mRNA
and IncRNA associated with the pathogenesis of AS were

investigated. It was found that NONHSAGO037054.2 was a
pathogenic target IncRNA of AS and GABPA was a key patho-
genic gene of AS. NONHSAGO037054.2 and GABPA shared
173 RBP genes. Moreover, GABPA was downregulated in AS
samples and displayed diagnostic value in AS.

Li et al (14) conducted a thorough analysis of the mRNA
and IncRNA profiles in AS peripheral blood mononuclear
cells. They discovered that, compared with healthy controls,
AS patients had 719 DEmRNAs (with 284 upregulated and
435 downregulated mRNAs) and 159 DEIncRNAs (with
114 upregulated and 45 downregulated IncRNAs) (14).
Nevertheless, no research has been conducted on the regula-
tory mechanism of these DEmRNAs and DEIncRNAs in
patients with AS. Between the normal and AS samples,
152 DEmRNAs and 204 DEIncRNAs were found in the
present investigation. Among these, 68 DEmRNAs were
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Table II. The top 10 interacting pairs with the strongest interactions in the protein-protein interaction network.

mRNA Long non-coding RNA rho P-value
SMC5 NONHSAG037054.2 0.993299 8.75x10”
TMX1 NONHSAGO070408.1 0.992897 1.10x10°®
GABPA NONHSAGO037054 .2 0.992772 1.18x10°®
GABPA NONHSAG111222.1 0.99078 3.13x10°®
RABI11FIP2 NONHSAG037054.2 0.989723 4.82x10°8
LIN7C NONHSAG006009.2 0.988781 6.84x10®
PKN2 NONHSAG074750.1 0.988112 8.61x10®
LIN7C NONHSAG065349.1 0.9872 1.16x107
GPR22 NONHSAG101839.1 0.986538 1.41x107
AEBP2 NONHSAGO077454.1 0.986484 1.44x107
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Figure 4. GABPA is downregulated in AS samples. (A and B) The expression of GABPA in AS and normal samples in (A) combined dataset and (B) sequenced
dataset. (C and D) The levels of (C) NONHSAG037054.2 and (D) GABPA expression in the peripheral blood of AS patients. “P<0.05, “P<0.01 and "“P<0.001.
AS, ankylosing spondylitis.

36 DO pathways. Of these, platelet activation, atherosclerosis
and Henoch-Schoenlein purpura are notable due to their
crucial association with AS.

associated with DEIncRNAs between AS and normal samples.
Enrichment analysis indicated that these 68 genes are enriched
in 30 CC, 22 MF and 83 BP terms, and in nine KEGG and



8 CUI et al: NONHSAGO037054.2 AND GABPA IN AS

1.0

0.8

o
)

AUC: 0.653

Sensitivity

©
~

0.2

0.0

1-Specificity

B
1.0

0.8

o
o

AUC: 0.612

Sensitivity

I
IS

0.2

0.0

1-Specificity

Figure 5. GABPA exhibits diagnostic value in ankylosing spondylitis. The receiver operating characteristic curves in (A) combined and (B) GSE221786

cohorts. AUC, area under the curve.

Platelet counts and C-reactive protein levels are higher, and
the erythrocyte sedimentation rate is slower in patients with
AS (30). P-selectin (CD62P) is a marker of platelet activation,
expressed in the a-granule membrane of standstill plate-
lets (31). It has been identified that the CD62P level is greater
in those with AS than in the control group (32). Fang et al (33)
revealed that triptolide could affect the activation of platelets by
regulating the levels of SDF-1, CXCR4, VEGFA and VEGFR
mRNA to decrease TNF-a and IL-1f expression levels and
increase IL-4 and IL-10 cytokine expression levels. It was
hypothesized that drugs may influence platelet activation by
regulating the 68 candidate genes identified in the present
study. In addition, previous studies have shown that platelets
participate in the process of atherosclerosis. CD62P targeting
influences the formation of fatty streaks and the progres-
sion of mature atherosclerotic plaques (34). Huo er al (35)
found that activated platelets increase atherosclerosis in
apolipoprotein-E-deficient mice. Notably, the risk of athero-
sclerosis has been reported as 1.5-fold higher in patients
with AS compared with the control group (36). The carotid
intima-media thickness (an index for identifying early-stage
atherosclerosis) is increased in AS patients compared with
healthy individuals (37). These studies suggested that AS may
accelerate the occurrence of atherosclerosis. In the present
study, it was found that our 68 candidate genes were enriched
in the atherosclerosis and platelet activation pathways. Thus,
it was hypothesized that these 68 genes might be involved in
the progress of AS through their regulation of the atheroscle-
rosis and platelet activation pathways; this warrants further
exploration in future studies.

The interaction and PPI networks revealed that
NONHSAGO037054.2 and GABPA interact with the most genes
or IncRNAs in AS. LncRNA can bind to miRNA by comple-
mentary base pairing to modulate gene expression (38,39).
Wang et al (40) suggested that IncRNA-UCAL can regulate
expression of FGFRI by binding to miR-216b, thereby
increasing FGFRI expression at the post-transcriptional

regulation level in hepatocellular carcinoma. Bian er al (41)
found that the IncRNA HOX transcript antisense RNA
HOTAIR could serve as an endogenous ‘sponge’ for miR-148b
to facilitate the expression of DNMT]I, leading to the activa-
tion and proliferation of liver cancer cells. Thus, the miRNAs
related to NONHSAGO037054.2 and GABPA were analyzed.
The findings suggested that 46 and 13 miRNAs are tightly
correlated with NONHSAGO037054.2 and GABPA, respec-
tively. However, overlapping miRNAs associated with both
NONHSAGO037054.2 and GABPA were not found. Moreover,
RBPs are important regulators of RNA metabolism, and RBPs
participate in the transcription, translocation and translation of
targeted mRNAs (42). In addition, IncRNAs include multiple
RBP sites. LncRNAs may influence the interaction between
mRNA and RBP by modulating the stability and bioactivity
of RBP in ribonucleoprotein complexes (43). In addition,
RBP can regulate the function, expression and stability of
IncRNAs (44). In the present study, 173 RBP genes linked
with both GABPA and NONHSAGO037054.2 were identified.
Thus, it was hypothesized that NONHSAG037054.2 might
regulate the expression of GABPA by affecting the interaction
between GABPA and RBP; this requires further study. There
are certain limitations to the present study. Due to the small
sample size, the reliability and accuracy of the study will be
affected, thus affecting the generalization of the study conclu-
sion. In future studies, more specimens will be collected for
further verification.

It was also found that GABPA was markedly down-
regulated in the peripheral blood of AS patients. GABPA is a
transcription factor in the ETS family (45) that is involved in
the nuclear control of mitochondrial function and the expres-
sion of cytochrome oxidase ¢ (46,47). Recent studies have
indicated that GABPA is downregulated in clear cell renal
cell carcinoma (48), endometrial carcinoma (49) and gastric
cancer (50), and that high GABPA expression is associated
with a lower survival rate of patients. In follicular thyroid
carcinoma (FTC), GABPA directly regulates the expression
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of DICER1 and was also downregulated in clinical FTC
samples (51). Therefore, GABPA might affect the occurrence
and development of AS.

In summary, NONHSAGO037054.2 and GABPA were
closely correlated with AS, with GABPA downregulated in
AS. Thus, GABPA could serve as a novel diagnostic factor for
AS. The presents results provided more information for deeply
understanding the mechanism of IncRNA-mRNA interactions
in AS.
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