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Objective: To study and analyze the varieties across long non-coding RNAs (IncRNAs), microRNAs (miRNAs), and mRNAs in
spinal cord, construct the competing endogenous RNAs (ceRNAs) network, and discuss the possible central mechanism in the
development of chronic inflammatory visceral pain (CIVP).

Methods: The colitis-associated CIVP rat model was prepared using 2,4,6-trinitrobenzene sulfonic acid (TNBS) enema. The
abdominal withdrawal reflex (AWR), mechanical withdrawal threshold (MWT), and thermal withdrawal latency (TWL) were used
to evaluate the rat’s pain behaviors. The whole transcriptome sequencing technique was adopted to analyze the differentially expressed
IncRNAs, miRNAs, and mRNAs in the spinal cord. LncRNA-associated ceRNA network was constructed and identified using the
ceRNA MuTATE method and the hypergeometric distribution algorithm. The sequencing result was then verified using the quantitative
real-time PCR (RT-qPCR).

Results: Compared to the normal group, CIVP rat models had significantly increased AWR and decreased MWT and TWL (all P<0.05),
suggesting hyperalgesia. In the spinal cord of CIVP rats, 158 IncRNAs, 24 miRNAs, and 1216 mRNAs were found to be differentially
expressed. 3 top-scored IncRNAs, 1 pain-related IncRNA, 3 downstream miRNAs, and 2 mRNAs were selected for RT-qPCR verification,
and 2 IncRNAs, 3 miRNAs, and 2 mRNAs were verified (all P<0.05).

Conclusion: LncRNA TCONS 00001477 and TCONS 00019815 may regulate Col2al and Hoxd10 mRNAs by competitively
binding to miR-3120, miR-542-5p, and miR-450b-3p, thereby participating in colitis associated CIVP.

Keywords: colitis, visceral pain, IncRNA, ceRNA network, central mechanism

Introduction

Visceral pain can be found in numerous visceral diseases, such as inflammatory bowel disease (IBD), pancreatitis,
functional dyspepsia, and irritable bowel syndrome (IBS).'* Inflammatory visceral pain (IVP), a form of pathological
pain experienced by IBD patients, usually presents as abdominal pain.’ Prolonged IVP will hinder the patient’s quality of
life (QOL), affect their social function, and aggravate the risk for mental disorders like anxiety and depression.*
Medications for IVP primarily include opioids and non-steroidal anti-inflammatory drugs (NSAIDs), yet the efficacy
is rather unsatisfactory, which suggests certain complexity in the mechanism of IVP’s development and persistence.’
Therefore, it is indeed necessary to study the potential molecular mechanism of IVP.
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Long non-coding RNAs (IncRNAs) are a group of non-coding RNA transcripts with over 200 nucleotides in length. A
series of studies have proved the role of IncRNAs in regulating chronic pain. For instance, IncRNA MALAT1 promotes
neuropathic pain progression in chronic constriction injury (CCI) rat models;® inhibition of IncRNA DILC attenuates
neuropathic pain via the SOCS3/JAK2/STAT3 pathway.’” Evidence also supports the role of microRNAs (miRNAs) as a
key regulator in the onset of chronic neuropathic pain.®'° LncRNAs can bind to miRNAs as competing endogenous
RNAs (ceRNAs) to modulate the expression of target messenger RNAs (mRNAs), affecting the development of various
diseases.'' ' In recent years, the ceRNA network has gone viral in clinical research and has been found closely related to
chronic pathological and inflammatory pain.'*"'® However, the role of the IncRNA-related ceRNA network in chronic
inflammatory visceral pain (CIVP) has not been reported yet.

The spinal cord plays an important role in the formation of visceral pain associated with gastrointestinal disorders.'’
The abnormal activation of spinal cells, particularly the microglia and astrocyte, ignite the neural transduction con-
tinuously via multiple inflammatory mediators and promoting central sensitization which contributes to visceral
hypersensitivity.'® A study shows that the spinal LncRNA RT1-CE10 can influence chronic visceral pain by interaction
with ATP1a3.'” So our research will focus on spinal RNA profiles and IncRNA-related ceRNA network regulation in
CIVP. Hence, by establishing rat models of CIVP using 2,4,6-trinitrobenzene sulfonic acid (TNBS) enema, this research
was to observe the expression profiles of IncRNAs, miRNAs, and mRNAs in the rat’s spinal cord using the whole
transcriptome RNA sequencing (RNA-seq) technique and unveil the expression differences between normal rats and
CIVP rats. Further, we also built a IncRNA-miRNA-mRNA ceRNA network and analyzed the function and pertinent
pathways of the differentially expressed genes based on Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGQG), aiming to reveal the central mechanism in the development of CIVP and seek novel target for the
treatment.

Materials and Methods

Animals

Fourteen healthy specific-pathogen-free (SPF) male Sprague-Dawley (SD) rats, weighing (150+20) g, were provided by
Shanghai Jihui Experimental Animal Co., Ltd., China (SCXK(Shanghai)2017-0012). The rats were housed at (20+2) °C and
50%—70% humidity for seven days of adaptive feeding. This experiment conformed to the Guiding Opinions on Treating
Animals issued by the Ministry of Science and Technology of the People’s Republic of China ((2006)398) and was approved
by the Ethics Committee of Yueyang Clinical Medicine School, Shanghai University of Traditional Chinese Medicine (No.
YYLAC-2020-085). The rats were randomized into a normal group (NG) or a model group (MG), each consisting of 7 rats.

CIVP Modeling

The enema solution was made by mixing 5% (W/V) TNBS (100 mg/Kg, Sigma, MO, USA) and 50% ethanol at a volume
ratio of 2:1 and was administered at 3 mL/Kg to prepare the colitis related CIVP rat models for 4 consecutive weeks.?*
At the seventh day after completing the modeling, we estimated the rat’s pain behaviors and randomly selected one rat

from each group for colonic histopathological observation to identify if the model was a success.

Pain Behavior Tests
Abdominal Withdrawal Reflex (AWR)

According to Al-Chaer, et al,?

the AWR was tested by applying four levels of distending pressure in sequence to
measure visceral sensitivity: 20 mmHg, 40 mmHg, 60 mmHg, and 80 mmHg. Each pressure level was tested three times
at a five-minute interval, each time lasting 20s, and the average score was taken as the final result. Scoring criteria:** no
behavioral response, scored 0 points; occasional head movements at the start of the stimulation while the rat maintaining
stationary, scored 1 point; slight contraction of rat abdominal muscles but without lifting, scored 2 points; strong
contraction of abdominal muscles with obvious lifting but no pelvic or scrotal lifting, scored 3 points; arched abdomen

with the pelvis and scrotums lifted, scored 4 points.
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Mechanical Withdrawal Threshold (MWT)

The MWT was performed by stimulating the rat’s hind paw center with the von Frey filament (Stoelting, IL, USA), no
longer than 4 s at a time, to see if the rat would present positive responses like lifting or licking the paw.*” If no positive
responses were triggered, a higher stimulation level would be provided until the initial positive response occurred. Then,
the rat would be stimulated again with a lower stimulation level. Each level of stimulation was applied five times at an
interval of 30s. The stimulation gradient started from 2.0 g, to 4.0 g, 6.0 g, 8.0 g, and 15.0 g. The 50% withdrawal
threshold value was calculated using the up-down method.

Thermal Withdrawal Latency (TWL)

The Hargreaves’ method*® was referred to conduct the TWL test using the BME2410A thermal stimulator (Institute of
Medical Biology of Chinese Academy of Medical Sciences, Yunnan, China) to radiate the rat’s one hind sole. The rat was
placed in a glass box for 15 min to adapt before the test. The TWL reading was the time from the start of the thermal
radiation till the rat lifted its paw. Each rat underwent three times of tests with a three-minute break in between two tests.

Sample Preparation

After the pain behavior tests, rats were anesthetized using intraperitoneal injection of pentobarbital sodium and sacrificed
via abdominal aortic blood collection. The part of the intestine from 2 cm above the anus to the end of the cecum was
collected and fixed in 4% paraformaldehyde. Then, the L6-S2 segment of spinal cord was collected and kept at —80 °C.

Colonic Histopathological Observation

The colon tissues kept in 4% paraformaldehyde were treated with formaldehyde fixation, gradient ethanol and dimethyl-
benzene dehydration, and paraffin embedding. Afterward, the samples were sliced at 4 pum, stained with hematoxylin-
eosin (HE), and observed under an optical microscope (Olympus, Tokyo, Japan) for histomorphological changes.

RNA-Seq

Each group contributed three pieces of whole spinal cord samples (Lg-S5) to run RNA-seq. The total RNA was extracted
first using the mirVana™ miRNA isolation kit (Ambion-1561, USA). The NanoDrop 2000 ultraviolet spectrophotometer
(Thermo Fisher, MA, USA) was used to determine the purity and concentration. The Agilent 2100 TapeStation system
(Agilent, CA, USA) was employed to check the quality of the total RNA; those with an RNA integrity number (RIN)
within 7-10 were considered qualified samples for RNA-seq. The TruSeq Stranded Total RNA Library Prep Gold kit
containing RiboZero beads (Illumina, CA, USA) was adopted to build the IncRNA and mRNA libraries, and the TruSeq
Small RNA Sample Prep kit (Illumina, CA, USA) was used to construct the microRNA library. HISAT2?"-*® was used to
align the clean reads with designated reference genomes to obtain its locus on the reference genome and the typical

2?% to align the clean reads and Express for quantification to obtain

sequence information of the sample. We used Bowtie
the FPKM (fragments per kilobase of exon model per million mapped fragments) and counts of mRNA and IncRNA to
calculate their expression. The expression of miRNA was expressed as transcript per million (TPM). The raw sequences
were deposited into the Sequence Read Archive (SRA) database with the BioProject accession number PRINA905659.

(https://www.ncbi.nlm.nih.gov/sra/PRINA905659).

Screening and Cluster Analysis of Differentially Expressed Genes

The DeSeq software was used to analyze between-group differences in repetitive biological data, and the edgeR software
was used to analyze non-repetitive biological data. The fold change (FC) and P-value were adopted to present the
expression differences of one gene in different samples. When P<0.05 and log2FC>1.5, it was accepted that the IncRNAs
and miRNAs were differentially expressed between groups; P<0.05 and log2FC>1.2 indicated that the mRNAs were
differentially expressed between groups.® Cluster 3.0 and Treeview programs were used to generate heat maps and
volcano plots of the differentially expressed genes.
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Construction of ceRNA Network

To learn the relationships among IncRNAs, miRNAs, and mRNAs, we first calculated the co-expressed miRNA-IncRNA
pairs and miRNA-mRNA pairs and predicted the mutual regulatory relationship via the Miranda software. The threshold
value of correlation analysis was set as the absolute value of correlation coefficient » > 0.80 and P < 0.05.%' Further, the
ceRNA MuTATE method** was used to calculate the ceRNA pair scores and the hypergeometric distribution algorithm
was used to calculate the possibility of ceRNA pairs sharing certain miRNAs. Finally, the ceRNA relationship pair with
high reliability was obtained. The Cytoscape software was employed to visualize the corresponding regulation networks.

Functions and Pathway Enrichments of the Target Genes
We used GO (http://www.geneontology.org) and KEGG (http://www.genome.ad.jp/kegg) to study the biological func-

tions of pathway enrichments of the target genes in the ceRNA network and adopted STRING (https://string-db.org)*> to

analyze the interactions of the target genes’ corresponding proteins.

Verification of the RNA-Seq Results

Quantitative real-time PCR (RT-qPCR) was used to verify the RNA-seq results. First, we employed Trizol (Invitrogen,
CA, USA) to extract the total RNA from the spinal cord and used ND-1000 Nanodrop (Thermo Fisher, MA, USA) to
detect the concentration. Then, we translated the total RNA into cDNA using a miRNA reverse transcription kit
(EZBioscience, MN, USA) and amplified cDNA in the Roche LightCycler 480 (Roche, Basel, Switzerland) with the
miRNA gPCR kit (EZBioscience, MN, USA); the PrimeScript™RT Master Mix kit (Perfect Real Time Kit, Takara,
Shiga, Japan) was used to synthesize the cDNA of IncRNA and mRNA, and the amplification was done in the TB
Green® Premix Ex Taq ™ II kit (Takara, Shiga, Japan). We adopted the 2-**Ct method to analyze the relative expression
of the transcripts. The primer sequence was synthesized by Shanghai Jierui Co., Ltd (Supplementary Table 1).

Statistical Analyses

Data analyses were performed using SPSS 24.0. Data that conformed to normal distribution were expressed as mean +
standard deviation (x+SD) and as [Median(P25, P75)] if not. The independent samples ¢-test was used to compare data
that concurrently met normal distribution and homogeneity of variance; the non-parametric test was used if either

condition was not met. Statistical significance was accepted when P<0.05 (0=0.05).

Results
CIVP Rat’s Pain Behavior Assessment

Under the optical microscope, we found integrated epithelial structures with uniformly distributed single-layer columnar
epithelial cells, continuous intestinal mucosa, and neatly arranged glands without infiltration of inflammatory cells in the
colonic tissues of NG rats (Figure 1A). In contrast, the colonic tissues of CIVP rats in the MG showed seriously damaged
mucosa, loss of epithelial layer, ulceration affecting the submucosal and muscular layers, irregularly arranged or
disappeared glands, submucosal thickening, vascular proliferation, and massive infiltration of monocytes and lympho-
cytes (Figure 1B). Compared to rats in the NG, CIVP rats showed notably increased AWR scores at 40 mmHg,
60 mmHg, and 80 mmHg distending levels (all P<0.05) and significantly decreased MWT and TWL (both P<0.01)
(Figure 1C-E).

Differentially Expressed IncRNAs, miRNAs, and mRNAs in CIVP Rat’s Spinal Cord
Compared to the NG, CIVP rats had 158 differentially expressed (DE) IncRNAs (DEIncRNAs) (79 up-regulated and 79
down-regulated), 24 DEmiRNAs (all down-regulated), and 1216 DEmRNAs (404 up-regulated and 812 down-regulated)
(Figure 2 and Supplementary Tables 2—4)).

Abbreviations: NG, Normal group; MG, Model group.
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Figure | Morphological observation of rat’s colonic tissues, AWR scores, MWT, and TWL (A) NG rat’s colonic tissue (HE staining, X200); (B) MG rat’s colonic tissue (HE
staining, X200). Arrows indicate ulcers and inflammatory responses; (C) Comparison of rat’s AWR scores; (D) Comparison of rat's MWT; (E) Comparison of rat’s TWL.
n=6, vs NG, *P<0.05, *P<0.01.

Abbreviations: NG, Normal group; MG, Model group; HE, Hematoxylin-eosin; AWR, Abdominal withdrawal reflex; MWT, Mechanical withdrawal threshold; TWL,
Thermal withdrawal latency.

Construction of the IncRNA-miRNA-mRNA ceRNA

The pearsonr was used to calculate the IncRNA-miRNA and miRNA-mRNA correlations, and the Miranda program was
adopted to predict their bindings. Finally, 41 miRNA-IncRNA pairs and 919 miRNA-mRNA pairs were collected, and
ceRNAs were analyzed. According to the rank of the MuTATE score, the top 100 mRNA-IncRNA pairs were mapped; of
the 100 mRNA-IncRNA pairs, 200 mRNA-miRNA-IncRNA groups were mapped (Figure 3 and Supplementary Table 5).

Functional Analysis and Pathway Enrichment of mRNAs

We analyzed the mRNAs in the ceRNA network using GO and KEGG, finding that the involved biological processes
mainly include synaptic plasticity, ion transmembrane transport, and calmodulin-dependent protein kinase activity, and
Toll signaling pathway; the involved cellular components include neuronal cell bodies, cell membranes, projection
neurons, and postsynaptic membranes; the involved molecular functions include calmodulin protein binding, neuropep-
tide Y receptor activity, cation channel activity, and neurotransmitter receptor binding (Figure 4A). The pathways
primarily included calcium signaling pathway, neuroactive legend-receptor interaction, cholinergic synapses, neural
retrograde signaling, Apelin signaling pathway, and Ras signaling pathway (Figure 4B). The protein-protein interaction
(PPI) analysis revealed PPIs between multiple target genes (Figure 4C).

RNA-Seq Verification

The three top-scored IncRNAs and one pain-related IncRNA were selected to undergo qRT-PCR verification. The results
demonstrated that the MG was significantly different from the NG in comparing the expression of IncRNA-
TCONS 00001477, TCONS_ 00019815, and TCONS 00024376, which was consistent with the RNA-seq findings.
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Figure 2 Differentially expressed IncRNAs, miRNAs, and mRNAs in CIVP rat’s spinal cord. (A) Heat map of IncRNAs; (B) Volcano plot of IncRNAs; (C) Heat map of
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The three IncRNAs’ downstream miRNAs were also put through verification, discovering that miR3120, a commonly
shared downstream miRNA of TCONS 00019815 and TCONS 00001477, and TCONS _00019815°s downstream miR
542—5p and miR 450b-3p passed verification. We also selected four IncRNA-regulated mRNAs for verification, of which,
Col2al and Hoxd10 mRNAs showed significant differences between the two groups (all P<0.05) (Figure 5). The
Miranda program was used to predict the targeting relationships of IncRNA-miRNA-mRNA sequences (Figure 6). The
findings revealed that IncRNA-TCONS 00001477 could target miR3120 to regulate the expression of Col2al mRNA,
and TCONS 00019815 could target miR3120, miR 542-5p, and miR 450b-3p to influence the expression of Col2al and
Hoxd10 mRNAs.

Discussion

One investigation reported that 38% of IBD patients experienced chronic pain lasting over three months, mainly
manifesting as abdominal pain, and a severe disease condition, poor QOL, and depressed and anxious moods
could be commonly found among these patients, along with dependence on acetaminophen and opioid drugs.>*
Inflammation is a significant pathological feature of the colon in IBD, so colitis-associated VP is mostly IVP and
chronic. CIVP has complex pathogenesis and various risk factors, including inflammation, intestinal obstruction,

psychological factors, neurobiological factors, and genetic factors.®> It has been generally accepted that the
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Figure 5 RNA-seq verification and targeting relationship prediction. (A) Comparison of the expression of IncRNATCONS_00001477; (B) Comparison of the expression of
IncRNA TCONS_00019815; (C) Comparison of the expression of IncRNATCONS_00024376; (D) Comparison of the expression of miR3120; (E) Comparison of the
expression of miR 542-5p; (F) Comparison of the expression of miR 450b-3p; (G) Comparison of the expression of Col2almRNA; (H) Comparison of the expression of
Hoxd10 mRNA; (I) Prediction of the targeting relationships between miR3120 and IncRNA-TCONS_00001477; (J) Prediction of the targeting relationships between
miR3120 and IncRNA-TCONS_00019815; (K) Prediction of the targeting relationships between miR 450-3p and IncRNA-TCONS_00019815; (L) Prediction of the
targeting relationships between miR 542-5p and IncRNA-TCONS_00019815; (M) Prediction of the targeting relationships between miR 542-5p and Hoxdl0; (N)
Prediction of the targeting relationships between miR3120 and Col2al; (O) Prediction of the targeting relationships between miR 542-5p and Col2al; (P) Prediction of
the targeting relationships between miR 450b-3p and Hoxd10. n=6; vs NG, *P<0.05, **P<0.01.

Abbreviations: NG, Normal group; MG, Model group.
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Figure 6 Verified IncRNA-miRNA-mRNA ceRNA network.

development of CIVP is a joint result of peripheral and central neurosensitization.*® The brain and spinal cord, the
essential parts of the central nervous system for integrating and processing pain signals, play a key role in
transmitting and regulating nociceptive information. The spinal cord can repeatedly receive the visceral sensory
signals transmitted by the dorsal root ganglia, and amplify them. The persistent activation of spinal neurons is a
crucial factor for the central sensitization.’’*® Therefore, the profound exploration of CIVP’s pathogenesis
targeting central integration and regulation may provide an important breakthrough point for clinical diagnosis
and treatment. In recent years, a large number of studies have mentioned that the ceRNA network is closely
related to pathological pain, inflammatory pain, and visceral pain.'*'®3° However, there is not any paper
reporting the role of IncRNA-associated ceRNA network in CIVP. The TNBS-induced colitis-related inflammatory
pain model is well-recognized and stable.”? Hence, the current study established colitis-induced CIVP rat models
using TNBS enema to observe the central regulation mechanism in CIVP from the perspective of IncRNA-
associated ceRNA network. Meanwhile, we have also tested the pain behavioral indexes (AWR, TWL, MWT) of
all rats to verify whether the CIVP model was valid because previous studies indicate that intestinal hypersensi-
tivity has been associated with the peripheral sensitization of primary colonic sensory afferents and referred
hyperalgesia in several body regions including the abdominal wall and hind paws.***!

The IncRNA and miRNA both belong to non-coding RNAs (ncRNAs), playing extensive and crucial biological roles
in the body. For instance, a variety of IncRNAs and miRNAs have been proven guilty in the development and persistence
of inflammatory pain, neuralgia, and visceral pain.**** LncRNAs act to regulate iron channels, inflammatory pathways,
neurotransmitter release, oxidative stress, and neuronal autophagy and apoptosis.*> MiRNAs may regulate kinds of pain
by activating glial cells, promoting the expression of inflammatory factors, and inhibiting central and peripheral
sensitization.***” This study thoroughly analyzed and collected DEIncRNAs, DEmiRNAs, and DEmRNAs in the spinal
cord of CIVP rat models, demonstrating that CIVP rats had significant colonic damage along with pain behavior changes
and visceral hypersensitivity, consistent with previous reports.*®*’ Furthermore, compared to the NG, CIVP rats had 158
DEIncRNAs, 24 DEmiRNAs, and 1216 DEmRNAs in the spinal cord, suggesting that the differential expression of these
RNAs in the spinal cord may be an important mechanism in the development of CIVP. Nevertheless, the interaction of
the three parties in CIVP remains a question and should be studied.

LncRNA refers to a type of RNA with a length greater than 200 nucleotides and without protein-coding function.
It is a predominant part of ncRNAs. Despite the incapability of coding proteins, IncRNAs can regulate mRNA
translation or directly bind to proteins to modulate corresponding target genes and signaling pathways. Also, it can
act as a miRNA sponge, absorbing miRNAs to regulate them, or compete with miRNA response elements to affect
the function of target mRNAs. Therefore, besides collecting the differentially expressed RNAs, this study also built
the IncRNA-related ceRNA network to discover the possible interactions among these RNAs. We adopted pearsonr
to calculate the IncRNA-miRNA and miRNA-mRNA correlations and finally collected 41 miRNA-IncRNA pairs and
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919 miRNA-mRNA pairs to map the ceRNA network. The MuTATE method and hypergeometric distribution
algorithm were used to obtain more reliable ceRNA pairs. The target genes in the ceRNA network were also
analyzed using GO and KEGG. Research indicates that abnormal molecular functions and signaling pathway
activation of certain target genes are closely associated with chronic inflammatory pain, visceral hypersensitivity,
and VP.°°° The findings above demonstrate that mutual regulations exist in the IncRNA-related ceRNA network,
and IncRNAs may affect the transcription activity of target genes by regulating miRNAs; the functional abnorm-
alities of corresponding high-scored target genes in the ceRNA network are related to the pathogenesis of CIVP.
This experiment explored the plausible ceRNA network that is related to the pathogenesis of CIVP and their mutual
regulations from the perspective of IncRNAs in the spinal cord, which is different from the previous report.’’

Finally, this study selected top-scored IncRNAs in the ceRNA network, IncRNA-TCONS 00001477 and
IncRNA-TCONS 00019815, and the pain-related IncRNA-TCONS 00024376 for RT-qPCR verification. The results
found that these IncRNAs had higher expression in CIVP rat’s spinal cord tissues (all P<0.05), which is consistent
with the RNA-seq outcomes. Then, downstream miRNAs of the three IncRNAs were also put through verification,
discovering that miR3120, the downstream miRNA of TCONS 00019815 and TCONS 00001477, and miR 542—5p
and miR 450b-3p, the downstream miRNAs of TCONS 00019815, were differentially expressed (all P<0.01).
Further, we selected the corresponding mRNAs Col2al and Hoxd10 in the ceRNA network to undergo qRT-PCR
assay, and they also passed the verification. It was reported that miR-3120/Hsc70 could suppress the expression of
TRPV1 in the dorsal root ganglion (DRG) to participate in forced swim stress-induced mechanical hyperalgesia in
rats in an inflammatory state.’® Regarding miR 542—5p, this miRNA can regulate cell proliferation and inflammatory
responses.”” Col2al, serving as a synthetic metabolic marker for cartilage metabolism, has been widely studied in
osteoarthritis and lumbar disc diseases. Up-regulating Col2al in the cartilage tissues can promote cartilage repair
and extracellular matrix synthesis in osteoarthritis rats, reducing knee joint pain.®**?> As a member of the Hox
transcription factor family, Hoxd10 has been found to be expressed along the rostrocaudal axis neuronal regions of
the lumbosacral spinal cord, and this gene is closely related to limb motor function.®>®* Other studies proved that
Hoxd10 could attenuate colitis and Alzheimer’s disease via Rho/ROCK signaling pathway.®>°® In sum, Col2al and
Hoxd10 can produce anti-inflammatory and neuroprotective effects, though more scientific evidence is required to
see if they play a role in regulating colitis-related CIVP.

Indeed, this study still has some areas for improvement. For example, the experiment only adopted bioinfor-
matic techniques to predict the crosstalk in the ceRNA network. Further verification of the corresponding genes
and their interaction mechanisms is needed in the future. This may include using dual-luciferase reporter assay
and RT-PCR to verify the expression correlation between IncRNAs and mRNAs; using methods like RNA
immunoprecipitation to test if IncRNAs and mRNAs commonly share microRNA response elements (MREs);
interfering with the expression of relevant RNAs combined with pain behavior tests to clarify their effects on
CIVP in vivo; also, adopting flow cytometry, in vitro animal experiments, clinical trials, and other methods to
verify the biological function of target genes. Besides, we selected the whole spinal cord segment from L6 to S2
for study this time, and we expect to conduct further research focusing on the microglia or astrocytes. The
findings are derived from a TNBS-induced colitis model, so their generalizability to other forms of visceral pain
(eg, irritable bowel syndrome) remains unclear.

Conclusion

This study detected and analyzed the differential expression of IncRNAs, miRNAs, and mRNAs in the spinal cord tissues
of CIVP rats using the whole transcriptome sequencing technique, and preliminarily constructed the IncRNA-associated
ceRNA network to explore the pathogenesis of CIVP, providing new research targets and ideas. The results indicate that
spinal IncRNA TCONS— 00001477 and TCONS— 00019815 may regulate the expression of Col2al and Hoxd10 by
competitively binding to miR3120, miR542-5p, and miR450b-3p and participate in the development of CIVP (Figure 7).
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Figure 7 Summariation of the research. This picture was drawn by BioRender scientific illustration software.
Abbreviations: TNBS, 2,4,6-Trinitrobenzenesulfonic acid solution; DE, differentially expressed; AWR, Abdominal withdrawal reflex; MWT, Mechanical withdrawal thresh-
old; TWL, Thermal withdrawal latency; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, Protein-protein interaction.
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