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Abstract

Background: Carpal tunnel syndrome (CTS) is a common disease resulting from the median nerve entrap-
ment at the wrist. Although CTS (prevalence=5%—10% in the general population) is the most common neu-
ropathy, its molecular mechanisms need elucidation. We used bioinformatics to detect genes with differential
expressions in CTS and introduce the molecular regulatory noncoding RNAs and signaling pathways involved.
Methods: The raw files of the RNA sequencing of CTS patients and controls were obtained from GEO (ac-
cession: GSE108023), and the samples were analyzed. Differentially expressed genes were isolated using
DESeq2 R. Functional analyses wetre conducted on the signaling pathways, biological processes, molecular
functions, and cellular components of the differentially expressed genes. Additionally, interactions between the
most differentially expressed genes and miRNAs and IncRNAs were investigated bioinformatically.

Results: Upregulation and downregulation were observed in 790 and 922 genes, respectively. The signaling
pathway analysis identified the metabolism pathways of arachidonic acid, linoleic acid, and tyrosine as the most
significant pathways in CTS. Moreover, PLLA2G2D and PL.A2G2A with upregulated expressions and
PLA2G2F, PLA2G4F, PLA2G4D, PLA2G3, and PLA2G4E with downregulated expressions were genes
from the phospholipase family playing significant roles in the pathways. Further analyses demonstrated that
hsa-miR-3150b-3p targeted PI.A2G2A and PLLA2G4F, and RP11-573D015.8-018 IncRNA had regulatory inter-
actions with the aforementioned genes.

Conclusion: Molecular studies on CTS will clarify the involved signaling pathways and provide critical data for
biomedical research, drug development, and clinical applications.
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Introduction

Carpal tunnel syndrome (CTS) is a medical disor- nel. The carpal tunnel is an anatomical chamber
der caused by the density of the median nerve, located at the base of the palm. Nine flexor ten-
which moves through the wrist in the carpal tun- dons and median nerves pass through the carpal
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tunnel, surrounded on 3 sides by carpal bones.
The median nerve provides sensation to the
thumb, the index finger, the long finger, and half
of the ring finger(1, 2).

The main symptoms of CTS are pain, numbness,
and tingling in the thumb, the index finger, and
the middle finger. Grip strength may be impaired,
and the thenar musculature might become weak
eventually. CTS affects approximately 1 in 10
persons during their lifetime and constitutes the
most common stress syndrome (approximately
90% of all stress syndromes) (3-5).

About 5% of the population of the United States
suffers from CTS. Caucasians have the highest
risk of CTS development of all races. Women are
more susceptible to CTS than men between ages
45 and 60 in a 3: 1 ratio. With only 10% of the
reported CTS cases below age 30, aging is
deemed a risk factor (6-8). In Iran, Moosazadeh
et al (9) assessed 14 525 subjects in a meta-
analysis and reported an estimated overall preva-
lence rate for CTS of 17.53%. Other risk factors
for CTS include obesity, frequent wrist work,
pregnancy, genetics, and rheumatoid arthritis.
Further, experimental evidence indicates that hy-
pothyroidism can also increase the risk of the
disease (10, 11).

Genetic factors are the most significant determi-
nants of CTS. A genome-wide association study
on CTS identified 16 genomic loci significantly
associated with this disease, including several loci
previously associated with human height (2, 10-
12). Biological factors such as genetic predisposi-
tion and anthropometric traits have significantly
stronger causal relationships with CTS than oc-
cupational and environmental factors such as re-
petitive stress injuries, suggesting that CTS may
not be simply avoided by eschewing certain activ-
ities or tasks (10).

In the present study, we drew upon bioinformat-
ics to address the current paucity of research on
the molecular mechanisms, signaling pathways,
and genes involved in CTS. We also examined
the potential noncoding RNAs (microRNAs,
IncRNAs and circular RNAs) with regulatory role
on involved genes. Further, we review literature
about the expression analysis in CTS.

Available at:  http://ijph.tums.ac.ir

Methods

The present study was conducted jointly at Bam
University of Medical Sciences and Rajaie Cardi-
ovascular, Medical and Research Center, Tehran,
Iran  from May 2022 to May 2023
(IR MUBAM.REC.1401.029).

Obtaining Data Sets and Samples

The data set was downloaded from the NCBI
Gene Expression Omnibus (GEO) database.
RNA-sequencing samples were obtained from 41
patients with CTS and 6 individuals without CTS
from the database (GEO accession: GSE108023)
(12). This research was approved by the review
boards of the authors’ affiliated institutions.

Bioinformatics Analysis of Raw Sample Data
Raw data files were first examined using FastQC
to check the quality of the reads. Adapter se-
quences were removed using Trimmomatic, ver-
sion 0.30, and the sequence reads were aligned to
the human genome (hg38) using HISAT2, ver-
sion 2.1.0. Then, the University of California San-
ta Cruz (UCSC) annotation file (hg38) was ap-
plied to analyze the expression patterns of the
genes. The read count of each transcript was de-
termined using HTSeq, version 0.9.1. The
DESeq2 R package helped identify genes with
differential expression patterns between the pa-
tient and control samples by considering 2 pa-
rameters: a log2FoldChange #5 and an adjusted
P value <0.05.

In Silico Functional Analysts of the Differential-
ly Expressed Genes

Gene Ontology analyses, consisting of biological
processes, molecular functions, and cellular com-
ponents, were conducted using Enrichr
(http://amp.pharm.mssm.edu/Enrichr/). Addi-
tionally, important pathways of the genes with
differential expression patterns were examined
using the Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG). The genes exhibiting the high-
est upregulation and downregulation were select-
ed for further analysis.
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Target Prediction of the Respective Interactions
Between the Highly Differentially Expressed
Genes and MicroRNAs (miRNAs) and Long
Noncoding RNAs (IncRNAs)

Following the selection of the most upregulated
and downregulated genes, miRNAs with target
sites on these genes were examined using Tar-
getScan  (http://www.targetscan.org/vert_80/).
Next, miRNAs that were common among the
highly differentially expressed genes were isolated
utilizing Venny 2.1 to scrutinize their possible
effects on CTS. Subsequently, interactions be-
tween IncRNAs and the aforementioned genes
were explored using LncRRIsearch (http://
http://rtools.cbre.jp/LacRRIsearch), and 10
IncRNAs with the highest interactions with the
genes were selected.

300~

200-

-log10(pvalue)

-30 -20

RNA Expression Analysis in Literature

Google scholar  (https://scholat.google.com/)
and PubMed Central
(https:/ /www.ncbi.nlm.nih.gov/pmc/) cites wete
investigated to find all the studies on RNAs ex-
pression analysis in Carpal Tunnel Syndrome.

Results

Genes with Differential Expression Patterns in
the Patient and Control Samples

Significant differential expression patterns were
detected between the CTS group and the control
group in 1712 genes, of which 790 exhibited in-
creased expression patterns and 922 showed de-
creased expression patterns. The volcano plot
below shows the genes whose expression pat-
terns differed between the 2 groups (Fig. 1), and
Supplementary 1 lists the names of the genes.

0 10

log2FoldChange
Fig. 1: The volcanic plot of the genes. The red dots indicate genes with decreased expression patterns, the blue dots
indicate genes with increased expression patterns, and the green dots indicate genes without significant differential
expression patterns in terms of the log2FoldChange
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Significance of Metabolism and Immune Re-
sponse Pathways in CTS

Gene Ontology analyses, composed of biological
processes, molecular functions, and cellular com-
ponents, were performed on the genes whose
expression patterns differed between the 2
groups. The biological process analysis showed
that the genes with differential expression pat-
terns were involved in biological processes such
as inflammatory and immune responses. The mo-

MRNA processing (GO:0006397)

negative regulation of infl y response (GO:0050728)

phosphorylation (GO:0016310)

lecular function analysis revealed the involvement
of the differentially expressed genes in such mo-
lecular functions as protein/threonine kinase ac-
tivity, magnesium ion binding, and metallopepti-
dase processes. The cellular component analysis
demonstrated that the differentially expressed
genes were present in the cytoskeleton of micro-
tubules, organ membranes, peroxisomes, and nu-
clei (Fig. 2A-C).

regulation of mitotic cell cycle phase transition (GO:1901990)

protein stabllization (GO:0050821)
regulation of mitotic cell cycle (GO:0007346)

A)

negative regulation of immune response (GO:0050777)

DNA-templated transcription, Initiation (GO:0006352)

transcription by RNA polymerase Il (GO:0006366)

regulation of inflammatory response 1o antigenic stimulus (GO:0002861)

protein serine/threonine kinase activity (GO:0004674)
magnesium ion binding (GO:0000287)
ubliguitin-like protein kgase binding (GO:0044389)

ATP binding (GO:0005524)
ubiquitin protein ligase binding (G0:0031625)
metaliopeptidase activity (GO20008237)
nuclear receptor binding (G0:0016922)
omega peptidase activity (GO:0008242)
deubiquitinase activity (G0O:0101005)

B) thiol-dependent deubiguitinase (GO:0004843)

microtubule cytoskeleton (GO:0015630)

integral comp of organelle b (GO:0031301)

nuclear lumen (GO:0031581)

nucleolus (GO:0005730)

microtubule (GO:0005874)

organelle inner membrane (GO:0019866)

integral component of endoplasmic reticulum membrane (GO:0030176)

organelle outer membrane (GO:0031968)
peroxisome (GO-:0005777)
C) mitochondrial outer membrane (GO:0005741)

Fig. 2: A) biological processes (BP), B) molecular functions (MF), and C) cellular components (CC) of the genes
with differential expression patterns

The results of the signaling pathway analysis with
adjusted P values <0.05 showed that 21 genes
whose expression patterns differed between the
CTS and control groups were involved in the me-

Available at:  http://ijph.tums.ac.ir

tabolism pathways of arachidonic acid, linoleic
acid, and tyrosine (Table 1). As is demonstrated
in Table 1, the following genes were common in
the metabolism pathways of arachidonic acid,
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linoleic  acid, and tyrosine: PL.A2GZ2D,
PI.A2G2A, PLA2G2F, PL.A2G4F, PL.A2G4D,
and PLLA2G3. Motreover, PILA2G2D and
PI.A2G2A with upregulated expressions and
PI.A2G2F, PIL.A2G4F, PL.A2G4D, PIL.A2G3,
and PLLA2G4E with downregulated expressions

were genes from the phospholipase family, play-
ing significant roles in the signaling pathways of
CTS. Further, PI.A2G2A with log2FoldChange
=06.950397 and PL.A2G4F with log2FoldChange
= —15.08284 had the highest upregulation and
downregulation, respectively.

Table 1: Signaling pathways involved in genes with differential expression patterns between the patient and control

groups
Pathways (adjusted P value) Genes log2FoldChan  Significant
ge

CYP2J2 (ENSG00000134716) -8.336435 Down

PLA2G2F -13.13132 Down

(ENSG00000158786) -8.321819 Down

GPX2 (ENSG00000176153) -15.08284 Down

PLA2GA4F 5.85913 Up

(ENSG00000168907) -13.95794 Down
Arachidonic acid metabolism PLA2G2D -14.79916 Down
(0.0003757) (ENSG00000117215) -5.064642 Down

PLA2G4D 6.950397 Up

(ENSG00000159337) -12.05943 Down

PLA2G4E -5.537208 Down

(ENSG00000188089) -12.10514 Down

CYP4F3 (ENSG00000186529)  -6.804822 Down

PLA2G2A

(ENSG00000188257)

PLA2G3 (ENSG00000100078)

ALOX12 (ENSG00000108839)

ALOX12B

(ENSGO00000179477)

CYP4F8 (ENSG00000186526)

CYP2J2 (ENSG00000134716) -8.336435 Down

PLA2G2F -13.13132 Down

(ENSG00000158786) -15.08284 Down
Linoleic acid metabolism PLA2G4F 5.85913 Up
(0.002709) (ENSG00000168907) -13.95794 Down

PLA2G2D -14.79916 Down

(ENSG00000117215) 6.950397 Up

PLA2G4D -12.05943 Down

(ENSG00000159337)

PLA2G4E

(ENSG00000188089)

PLA2G2A

(ENSG00000188257)

PLA2G3 (ENSG00000100078)

PLA2G2D 5.85913 Up

(ENSG00000117215) -13.13132 Down
a-Linolenic acid metabolism PLA2G2F -15.08284 Down
(0.005387) (ENSG00000158786) -13.95794 Down
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Table 1: Continued...

PLA2G4F -12.05943 Down

(ENSG00000168907) 6.950397 Up

PLA2G4D -14.79916 Down

(ENSG00000159337)

PLA2G3 (ENSG00000100078)

PLA2G2A

(ENSG00000188257)

PLA2G4E

(ENSG00000188089)

ALDH3B2 -15.80262 Down

(ENSG00000132746) -7.362552 Down

ALDH3A1 6.386476 Up

(ENSG00000108602) -8.101282 Down
Tyrosine metabolism ADHI1C (ENSG00000248144)  -12.56288 Down
(0.007316) DCT (ENSG00000080166) -12.58896 Down

TYRP1 (ENSG00000107165) -10.78557 Down

ADH?7 (ENSG00000196344) -5.17903 Down

TYR (ENSG00000077498)
ADH6 (ENSG00000172955)

Probable Regulatory Effects of hsa-miR-3150b-
3p and RP11-573D15.8-018 IncRNA on
PLA2G2A and PLA2G4F

Our analysis revealed that 9 miRNAs and 53
miRNAs probably targeted the 3°-UTR of

PLA2G2A

PI.A2G2A and PLA2G4F, respectively (Sup-
plementary Tables 2 & 3). Further, of all 62 pre-
dicted miRNAs, hsa-miR-3150b-3p was the only
common miRNA targeting both genes (Fig. 3)
with a probable regulatory role in CTS.

PLA2G4F

52
(85.2%)

Fig. 3: The common mictoRNAs (miRNAs) that targeted both PL.A2G4F and PL.A2G2A corresponding to the
TargetScan database

The analysis of the interactions between
IncRNAs and the PL.A2G2A and PLA2G4F
genes yielded 100 IncRNAs with probable inter-
actions  with  each  gene,  respectively.
LncRRIsearch predicts the local base-pairing in-

Available at:  http://ijph.tums.ac.ir

teractions based on interaction energy. Accord-
ingly, the threshold interaction energy was set to
—16 kcal/mol, with lower scores predicting the
most probable interaction. Among all IncRNAs
with probable interactions with PI.42G2.A4 and
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PI.A2G4F, 10 IncRNAs had the highest energy
score of interaction (Table 2). Interestingly,
RP11-573D15.8-018 IncRNA, with probable in-

Table 2: Top 10 long noncoding RNAs (IncRNAs) that could interact with the PL.A2G4F and PI.A2G2A genes

teractions with both PI.A42G2A and PL.A2G4F,

had the highest score.

Genes Sum of Energy Transcript ID Transcript Name
-10,730.80 ENST00000627551  RP11-573D15.8-018
-3,225.71 ENST00000623111 MIR6820-001
-2,641.61 ENST00000623959  RP3-323A16.1-001
-2,236.46 ENST00000597346 ~ KCNQ1OT1-001
-1,889.56 ENST00000432442  GS1-519E5.1-001
-1,855.03 ENST00000623130  AC006548.28-001
PLA2G4F -1,803.63 ENST00000601203 AIRN-001
-1,706.30 ENST00000527021 AP006621.9-001
-1,6806.85 ENST00000577684 FLJ35934-001
-1,586.66 ENST00000623027  CTA-992D9.11-001
-2,640.01 ENST00000627551 RP11-573D15.8-018
-1,137.23 ENST00000623959  RP3-323A16.1-001
-1,098.85 ENST00000623111 MIR6820-001
-825.72 ENST00000432442  GS1-519E5.1-001
-809.01 ENST00000597346 ~ KCNQ1OT1-001
PLA2G2A -680.09 ENST00000623027  CTA-992D9.11-001
-617.66 ENST00000604411 TSIX-001
-584.32 ENST00000527021 AP006621.9-001
-561.34 ENST00000623980  CTA-243E7.1-001
-539.60 ENST00000426467  CTA-929C8.6-001

RNAs expressiton analysis and CTS

Totally 10 studies were found in both investigat-
ed data bases (Google Scholar and PubMed).
Five studies were about association analysis of
SNPs and mutations of genes in CTS (10-14).
Other five studies indicated that the expression
of ITGAL, ITGAM, PECAMT1, TGFBR2, PRG35,
CASPS, IGFBP5, COL5A1 and WINTYa might
be involved in the CTS (15-19).

No studies were found about ncRNAs expres-
sion and their regulatory roles in CTS and this
study is the first study to suggest the potential
regulatory roles of miRNAs and IncRNAs in
CTS.

Discussion
CTS, albeit prevalent, has poorly-understood
pathophysiology, particulatly in terms of its ge-

netic predisposers and molecular mechanisms
(13). In the present bioinformatics study on pa-
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tients with CTS, we found that the metabolism
pathways of arachidonic acid, linoleic acid, o-
linolenic acid, and tyrosine were influential in the
development of this disease.

Arachidonic acid and its metabolites are essential
for modulating the function and survival of nerve
cells. Arachidonic acid derivatives are involved in
the production of cyclooxygenases and lipoxy-
genases to generate such mediators as prosta-
glandins, leukotrienes, and eicosanoids, involved
in various biological events, including inflamma-
tion. Additionally, arachidonic acid contributes to
neuron growth via a calcium-dependent mecha-
nism, and its metabolites are involved in the
physiopathology of many central nervous system
disorders and acute inflammatory disorders (14-
17). A study showed that the involvement of
lipoxygenases in arachidonic acid metabolism
could significantly affect the incidence of rheu-
matoid arthritis, a systemic connective tissue dis-
ease (18).

Available at:
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Linoleic acid is the main essential fatty acid in the
diet and must be metabolized to other substanc-
es. Linoleic acid concentrations are almost not-
mal or slightly above normal in patients with dia-
betes (19, 20). According to a previous study, the
concentration of the major metabolites of insulin
increased significantly in the treatment of patients
with diabetes, and it was concluded that the acu-
puncture treatment of patients with diabetes af-
fected unique metabolic pathways, including
those of a-linolenic acid, glutamine, alanine, and
activated vitamin B6 (21).

Williams et al (16) examined the effects of the
precursor doses of catecholamine L-tyrosine and
reported that abnormal amine metabolism was
often the etiology of schizophrenia. Magy et al
(22) found that TTR (Tyr78Phe) mutation was
associated with peripheral neuropathy, CTS, and
cutaneous amyloidosis.

According to our results vis-a-vis differentially
expressed genes, inflaimmatory and immune re-
sponses are among the major biological processes
involved in CTS.

The immune system has been implicated in sev-
eral neurological disorders such as peripheral
neuropathies and neuropathic pains (23, 24). In-
formation is, however, scarce regarding the im-
mune response in patients with CTS, although
neuroinflaimmation has been suggested as a po-
tential contributor to its pathogenesis (25, 20).
Moalem-Taylor et al (25) explored the immune
profile in patients with CTS and posited an asso-
ciation between the syndrome and alterations in
the homeostasis of memory T cells and inflam-
matory modulating cytokines/chemokines. Ara-
chidonic acid and its metabolites have attracted
much attention concerning inflaimmatory pro-
cesses and diseases (27, 28). Cheng et al(29) re-
ported that as a result of acid-induced injury (ele-
vated H,O, levels) in the lower esophageal
sphincter, inflammation could lead to changes in
arachidonic acid metabolism. Calabrese et al (30)
showed that increased arachidonic acid levels in
the glycerolipid pools of inflammatory cells could
produce excessive cysteinyl leukotrienes in pa-
tients with asthma. Studies on animal models in-
dicate that conjugated linoleic acid, a class of

Available at:  http://ijph.tums.ac.ir

linoleic acid isomers, enhances immune functions
(31-33) while ameliorating immune-mediated ca-
tabolism (34, 35) and stimulating the production
of anti-inflammatory cytokines (36). Erdinest et
al (37) concluded that a-linolenic acid might serve
as an anti-inflammatory agent and was mediated
through the signal transduction of nuclear factor
n-light-chain-enhancer of activated B cells (NF-
#B). Likewise, in the present study, PL.A2G2D,
PI.A2G2F, PLA2G4F, PL.A2G4D, PLA2G3,
PI.A2G2A, and PL.A2G4E showed significant
expression changes in the mentioned pathways,
resulting in CTS.

Phospholipase A2 (PLA2) catalyzes the hydroly-
sis of fatty acyl ester bonds at the sn-2 position,
catalyzes phosphoglycerides, and releases fatty
acids and lysophospholipids. One of the fatty
acids that can be released from the membrane by
PLAZ2 activity is arachidonic acid, which is a vital
precursor to the biosynthesis of various eico-
sanoids, including prostaglandins, thromboxane,
and leukotrienes (38). Moreover, the PL.A2G2A
gene (PLLA2 ILA) is a secretory PLA2 expressed
in lacrimal glands, cartilage cells, and amniotic
epithelial cells (38, 39) and appears to play a vari-
ety of roles in human diseases such as colon can-
cer, coronary artery disease, and inflammation
(40, 41). The induction of PL.A2G2A is a feature
of inflammatory responses, and increased
PI.A2G2A expression has been reported in sev-
eral types of malignancies such as pancreatic and
prostate cancer (39-42). The PLA2G2D gene
(sPLA2-IID) is abundant in the spleen and lymph
nodes, attenuates the immune responses of Thl
and Thl7, and is associated with the anti-
inflammatory metabolites u3 polyunsaturated fat-
ty acids (PUFAs) (43). The PL.A2G3 gene is as-
sociated with the risk of colorectal cancer and
ovarian cancer metastasis (44, 45). Three mem-
bers of the PLA2 family, both the soluble
(PLA2G2F) and cytoplasmic (PL.A2G4D and
PI.A2G4E) forms, comprise a vital pathogenic
pathway between pityriasis rubra pilaris and pso-
riasis (406).

A large family of RNAs without a coding func-
tion, noncoding RNAs (ncRNAs) are composed
of miRNAs, circular RNAs (circRNAs), and
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IncRNAs and play significant roles in the regula-
tory process(47-49). To our knowledge, the exist-
ing literature features no study on the role of
miRNAs in CTS. Our analysis revealed that hsa-
miR-3150b-3p could target the PI.A2G2A and
PI.A2G4F  genes, and RP11-573D15.8-018
IncRNA could interact with both genes. Thus,
these 2 miRNA and IncRNA might have regula-
tory roles in CTS by interfering with PL.42G2A
and PLLA2G4F and the relevant pathways. Nev-
ertheless, there is no study on the role of hsa-
miR-3150b-3p and RP11-573D15.8-018 IncRNA
in the regulation of PI.A2G2A and PL.A2G4F
and the metabolism pathways of arachidonic ac-
id, linoleic acid, and tyrosine in CTS, requiring
further experimental analyses. Based on the find-
ings of the present study, we posit that the down-
regulation of PI.A42G4F and the upregulation of

PI.A2G2A could be the result of miR-3150b-3p
expression and could affect RP11-573D15.8-018
expression. Hence, the arachidonic acid pathway,
a significant pathway in the inflammation pro-
cess, could be regulated by these molecular mark-
ers and contribute to CTS progression (Fig. 4).
Further experimental validation to confirm the
expression patterns of the genes, microRNA and
IncRNA presented in this study are proposed.
The findings of the current investigation should
be interpreted in light of the following limita-
tions. Our results need confirmation via experi-
mental analyses. Secondly, studies and bioinfor-
matics data sets on the molecular mechanisms of
CTS pathogenesis are limited. The only existed
data set of high throughput sequencing for CTS
was GSE108023 which we employed for the pre-
sent study.

Membrane Phospholipase

TRTRRT TR
GBI I

T ‘ Phospholipase A2 ‘ l
l PLA2G4F PLA2G24 T

l RP11-573D15.8-018 ,

RP11-573D15.8-018 T

I Arachidonic Acid l

?
Prostaglandins %S)

O

?
88 o |

o=

$

Ny

(e .
— CTS disease

Fig. 4: A schematic view of the suggested pathway involved in carpal tunnel syndrome (CTS) according to our find-
ings. The downregulation of PI.42G4F and the upregulation of PI.42G2A could be the result of the altered expres-
sions of miR-3150b-3p and RP11-573D15.8-018
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Conclusion

The existing literature contains a paucity of in-
formation regarding the molecular mechanisms
underlying CTS. In addition, for all the afore-
mentioned investigations, the current study is the
first to utilize gene expression profiling to identi-
ty the molecular pathways involved in CTS. In-
deed, we succeeded in detecting genes whose ex-
pression patterns differed between patients with
CTS and subjects without CTS. Nonetheless, to
boost the diagnostic and therapeutic processes
concerning CTS, we need more detailed studies
aimed at identifying the exact molecular pathways
and major regulators of this syndrome. However,
our results demonstrated that hsa-miR-3150b-3p
and RP11-573D15.8-018 might have regulatory
role in CTS through possible interaction with
PLA2G2A and PLA2GA4F.

Additionally, we suggest that the expression pat-
terns of the genes, microRNA and IncRNA in-
troduced herein and the pathways involved be
confirmed by more detailed laboratory studies to
help clarify the exact mechanisms of the disease.
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