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ARTICLE INFO ABSTRACT

Keywords: Long noncoding RNA (IncRNAs) are involved in the pathogenesis of ulcerative colitis (UC).
Ulcefativ‘? colitis Moxibustion, a traditional Chinese medicine, can improve symptoms in patients with UC and
Moxibustion reduce intestinal inflammation in rats with UC. However, it remains unclear whether the
Long non-coding RNA ameliorative effect of moxibustion on intestinal mucosal inflammation in UC is related to
LOC108352929 . . .
Phfll IncRNAs. Thirty-two rats were randomly assigned to four groups: normal control, UC, moxibus-

tion (MOX), and sulfasalazine (SASP). The UC rat model was induced by administering 4%
dextran sulfate sodium (DSS) in drinking water. Rats in the moxibustion group underwent
bilateral Tianshu (ST25) moxibustion using the herbs-partition moxibustion method. Rats in the
sulfasalazine group received SASP solution via gavage twice daily for seven consecutive days. Our
results revealed that, compared with the UC group [2.00 (1.00, 2.50)], the DAI score [0.25 (0.00,
0.50)] was significantly lower in the MOX group (P < 0.05). Compared with the UC group [13.00
(11.25, 14.00)1, the histopathological score [5.50 (4.00, 7.75)] was significantly lower in the
MOX group (P < 0.05). In addition, the CMDI and macroscopic scores were decreased in the MOX
group (P < 0.05). Moxibustion significantly decreased the protein expression of inflammatory
factors TNF-, IFN-y, and IL-1p in the colonic tissues of UC rats (P <0.05), thereby suppressing
the inflammatory response. Moreover, moxibustion exerted a regulatory influence on colon
IncRNA and mRNA expression profiles, upregulating LOC108352929 and downregulating Phf11
in rats with UC (P <0.05). Moxibustion also led to a reduction in the expression and colocali-
zation of Phfl1 and NF-xB in the colons of UC rats. Moreover, knockdown of LOC108352929 in
rat enteric glial cells demonstrated a significant upregulation of TNF-a mRNA expression (P
<0.05). In summary, these data illustrate that moxibustion effectively ameliorates DSS-induced
colonic injury and inflammation while exerting regulatory control over the IncRNA-mRNA co-
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expression network in UC rats. Collectively, the in vivo and in vitro studies suggested that
LOC108352929-Phf11 may serve as a potential biological marker for moxibustion in the treat-
ment of UC.

1. Introduction

Ulcerative colitis (UC) is a recurrent and remitting inflammatory bowel disease (IBD) that primarily affects the colonic and rectal
mucosae, making it a challenging clinical condition. The precise etiology of UC remains incompletely understood, as its development is
influenced by various factors, including compromised intestinal mucosal barriers, disruptions in immune responses within colonic
mucosal tissues, intestinal flora dysbiosis, environmental elements, and genetic predisposition [1]. Moreover, the global incidence of
UC is on the rise [2], with a notable 1.5 to nearly 20-fold increase in the incidence and prevalence in some Asian countries [3]. This
surge in prevalence has resulted in a substantial increase in UC-related healthcare expenditures. Therefore, it is imperative to identify
safe, effective, and cost-efficient treatments.

Long non-coding RNA (IncRNA) is a class of non-coding RNAs with a length exceeding 200 nucleotides that significantly influence
various biological processes, such as chromosomal silencing, chromatin modification, transcriptional activation, transcriptional
interference, and intranuclear transport [4]. Previous studies have demonstrated a close association between aberrant IncRNA
expression and the pathogenesis of UC [5]. Notably, extensive dysregulation of both IncRNA and protein-coding gene expression is
observed in the colonic tissues of patients with active and inactive UC [6]. Furthermore, certain specific IncRNA can mitigate colonic
ulcers in UC rats by elevating the expression of cytokines such as IL-10 [7].

Moxibustion is a traditional Chinese medicine that achieves its therapeutic effects by burning moxa floss at specific acupoints. We
have previously demonstrated that moxibustion can effectively ameliorate colonic mucosal injuries, reduce chronic mucosal
inflammation, and accelerate ulcer healing in both UC patients and rat models [8,9]. Given the pivotal roles of IncRNAs in various
diseases, moxibustion has shown promise for the treatment of conditions, such as Crohn’s disease and adjuvant arthritis by modulating
IncRNA expression [10,11]. However, to date, no studies have explored the modulatory effects of moxibustion on intestinal mucosal
immunity in rats with UC from the perspective of IncRNA modification. Therefore, this study aimed to assess the regulatory effects of
moxibustion on the intestinal IncRNA and mRNA expression profiles in rats with UC using RNA-sequencing techniques. In the present
study, we identified numerous differentially expressed IncRNAs and mRNAs. Among the paired IncRNAs and mRNAs, moxibustion had
a significant regulatory effect on LOC108352929-Phf11.
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Fig. 1. Flowchart of this experiment. (A) Schematic diagram of moxibustion treatment; (B) Operations performed in each group of rats. NC: the
normal control group; UC: the ulcerative colitis model group; MOX: the moxibustion group; SASP: the sulfasalazine group.
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2. Materials and methods
2.1. Animals

All animal experiments were conducted according to the guidelines and regulations established by the Animal Ethics Committee of
Shanghai University of Traditional Chinese Medicine (approval reference PZSHUTCM200209001). A total of 32 male Sprague-Dawley
rats, with an average weight of 180 + 20 g, were procured from Shanghai Slac Co (production license number: SYXK (Shanghai) 2014-
0008). These rats were accommodated at the Shanghai University of Traditional Chinese Medicine’s Experimental Animal Center,
where the environmental conditions were maintained at a constant room temperature of 20 + 2 °C, with a 12-h day-night cycle, and a
relative humidity range of 50%-70%.

2.2. Establishment of the UC rat model

After a one-week acclimatization period, the rats were randomly assigned to four groups: normal control group (NC), ulcerative
colitis model group (UC), moxibustion group (MOX), and sulfasalazine group (SASP), with eight rats in each group. An experimental
ulcerative colitis model was induced by administering 4% dextran sulfate sodium (DSS; 9011-18-1, MP Biomedical, USA) in sterile
drinking water for 7 days. Subsequently, the UC, MOX, and SASP groups were maintained with 1% DSS for modeling [12]. The
moxibustion and SASP treatments were initiated after the modeling process was completed. Moxibustion was performed on bilateral
Tianshu (ST25) acupoints. Chinese medicinal powder (Shanghai Huaji Pharmaceutical Co., LTD, China) and yellow wine were used to
create herb cakes, each with a diameter of 0.8 cm and a thickness of 0.4 cm. These cakes were placed on the bilateral ST25 acupoints
with a moxa cone (approximately 90 mg, Nanyang Hanyi Moxa, China) positioned on top of each cake. Two moxa cones were applied
to each acupoint once daily for 7 days (Fig. 1A). The rats in the SASP group were administered intragastrically with SASP solution
(Shanghai Zhongxi Sunve Pharmaceutical Co., Ltd., China) twice daily for 7 days. The daily dosage was based on the ratio of 1:0.018
for adults to rats [13]. The NC and UC groups were subjected to the same handling and restraint procedures. An operational flowchart
of this experiment is presented in Fig. 1B.

2.3. Disease activity index (DAI)

Stool consistency, body weight, and gross bleeding were observed and recorded, and the DAI score was performed [14]. The scoring
criteria were as follows: (a) stool consistency: 0 = normal, 2 = loose stool, 4 = diarrhea; (b) body weight loss: 0 = none, 1 =1-5%, 2 =
6-10%, 3 = 11-15%, 4=>15%; and (c) gross bleeding: 0 = normal, 2 = positive occult blood test, and 4 = visible bleeding. The DAI
score was calculated as the average of these three values.

2.4. Evaluation of colonic damage

Upon completion of the treatment regimen, the rats underwent a 24-h fasting period without access to water and were subsequently
anesthetized via intraperitoneal injection with 2% pentobarbital sodium (40-50 mg/kg). Following successful anesthesia, the
abdominal cavity of the rats was surgically opened and the colon was carefully extracted from the pubic symphysis to the cecum. The
colon was longitudinally dissected along the mesentery by saline irrigation. Colonic mucosa damage index (CMDI) and macroscopic
scores were used to assess the colonic injury. CMDI scoring criteria and scores were as follows: 0 = no inflammation or ulceration; 1 =
localized congestion without ulceration; 2 = ulceration without congestion; 3 = ulceration and inflammation at only one site; 4 =
inflammation and ulceration at >2 sites extending >1 cm; 5 = ulceration extending >2 cm [15,16]. The macroscopic score was
calculated by observing vascularity, secretions, ulcers, and adhesions [17].

2.5. Hematoxylin-eosin (HE) staining and histopathological scores

Rat colon tissues were dehydrated and fixed in 4% paraformaldehyde. After fixation, the tissues were embedded in paraffin and
sectioned into 4 pm thick slices for hematoxylin-eosin (HE) staining and subsequent pathological examination. Histopathological
evaluation of the HE-stained colon specimens included the assessment of ulceration, infiltration of inflammatory cells, hyperplasia of
granulation tissue, lesion depth, fibrosis, reduction in goblet cells, presence of crypt abscesses, destruction of mucosal structure, and
degree of thickening of the muscular layer [17].

2.6. RNA-sequencing (RNA-seq) and bioinformatics analysis

Colon tissues from three rats in each group were selected for RNA-seq analysis. Total RNA was extracted from colon tissues using a
TRIzol kit (15596018, Invitrogen, USA), and sample quality control was conducted using an ND-1000 Nanodrop and Agilent 2200
TapeStation. The paired-end standard sequencing program was executed following the methodological flow of the Illumina platform
instruments, and the resulting data underwent bioinformatics analysis upon completion of the run. Differentially expressed IncRNAs
and mRNAs between experimental groups were screened based on criteria such as |loga(Fold Change)|>1 and (P < 0.05), and their
functional pathways were assessed using the Kyoto Encyclopedia of Genes and Genomes (KEGG). To establish the relationship between
differentially expressed IncRNAs and mRNAs, the target mRNAs of these IncRNAs were predicted using both cis-regulatory (In Cis) and
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trans-regulatory (In Trans) approaches. These predictions were performed by referencing the NCBI, RNA Central, and GENCODE
databases.

2.7. LncRNA-miRNA-mRNA network construction

MiRanda, PITA, and RNAhybrid were employed to predict the recognition elements of IncRNAs in microRNAs (miRNAs), and the
shared predictions from these three tools were considered candidate interacting miRNAs for the IncRNAs. TargetScan, MiRanda,
MiRWalk, and miRTarBase were used to predict upstream miRNAs of mRNAs from various databases, and the results from the
combined predictions of multiple tools were designated as candidate upstream miRNAs of mRNAs. The IncRNA-miRNA-mRNA
interaction network was constructed using a combined score threshold> 0.9.

2.8. RT-gPCR

RT-qPCR was used to assess the expression of differentially expressed IncRNAs and mRNAs. Total RNA was extracted from colon
tissues using a TRIzol kit (15596018, Invitrogen, USA) and quantified using a spectrophotometer; furthermore, RNA was reverse
transcribed into cDNA. RT-qPCR was performed using a real-time detector (ABI, USA), Real-time PCR System (Roche, Switzerland),
and SYBR Master Mix kit (RR047A, Takara, Japan). The PCR reaction involved a reaction system comprising 1.5 pl H20, 5 ul 2 x SYBR
GREEN PCR mix, 1 pl Forward Primer (10 p.m./pl), 1 pl Reverse Primer (10 p.m./pl), and 2.5 pl cDNA template. The reaction con-
ditions were as follows: pre-denaturation at 95 °C for 2 min; denaturation at 95 °C for 5 s; annealing at 60 °C for 10 s; extension at 72 °C
for 40 s. This process was repeated 45 times. The obtained data were compared with GAPDH expression levels to calculate Ct values for
all genes, which were further quantified by the 274AC methods. The primer sequences for LOC103693584, LOC102547136,
LOC108352929, ENSRNOG00000058784.1, Stxbp5l, LOC102549235, Phf1l, RT1-N3, and GAPDH are listed in Supplementary
Table S1. RT-qPCR was also used to determine the basal expression of IncRNAs LOC108352929 and Phfl1 in rat enteric glial cells
(EGCs), with the primer sequences provided in Supplementary Table S2. Additionally, RT-qPCR was employed to assess the efficiency
of IncRNA LOC108352929 knockdown, as well as the expression of Phfl1, TNF-a, and IL-1§ in the cells. The primer sequences used in
these experiments are listed in Supplementary Table S3.

2.9. Western blot

TNF-a, IFN-y, and IL-1p protein expression in the colon tissues of rats in each group were determined using Western blot analysis.
Total colon tissue proteins were extracted using RIPA lysis buffer and quantified using a BCA Protein Concentration Assay Kit (SD0012,
Simuwubio, China). Equal amounts of proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
subsequently transferred to PVDF membranes. After the transfer, the membranes were placed on a decolorizing shaker and blocked
with 5% skim milk for 1 h. Following the blocking step, diluted primary antibodies (TNF-a: ab6671, Abcam, USA, 1:1000; IFN-y:
ab171081, Abcam, 1:3000; IL-1p: ab254360, Abcam, 1:1000; GAPDH: AF1186, Beyotime, China, 1:2000) were applied and incubated
at 4 °C overnight. The protein bands were then subjected to three 5-min washes with TBST on a decolorizing shaker at room tem-
perature. Finally, the protein bands were visualized using a gel imaging system (Bio-Rad, ChemiDosTM XPS +, USA), and the optical
density values of the target protein and internal reference bands were analyzed using the Image Lab 4.1 software processing system.

2.10. Immunofluorescence staining

Immunofluorescence staining was performed to detect the co-expression of Phfl1 and NF-kB in rat colon tissues. Sections were
deparaffinized, rehydrated, and treated according to standard protocols. Next, the sections were washed with PBS and incubated in a
blocking buffer at room temperature, shielded from light, for 25 min. Subsequently, the blocking solution was removed, and the
sections were incubated with the primary antibody (Phf11: pa5-76271, Invitrogen, USA, 1:1000) at 4 °C overnight. The sections were
then washed three times with PBS and incubated with a secondary antibody (HRP-labeled goat anti-rabbit IgG, GB23303, Servicebio,
China, 1:500). The sections were incubated for 50 min at room temperature, after which they were washed and incubated with TSA.
Following this, the second primary and secondary antibodies were introduced separately for incubation (NF-kBp65: GB13142-1,
Servicebio, 1:50; Alexa Fluor 488 labeled goat anti-rabbit IgG, GB25303, Servicebio, 1:400). All the sections were subsequently
stained with DAPI for nuclear visualization. Images were captured using a fluorescence microscope (BX43F; U-HGLGPS; OLYMPUS,
Japan).

2.11. Cell culture and transfection

Rat enteric glial cells (HZ-CRL-2690, ATCC, USA) were cultured in Dulbecco’s modified Eagle’s medium (DMEM; 11965092, Gibco,
USA) containing 10% fetal bovine serum (FBS; F8318, Sigma-Aldrich, USA) and 1% penicillin and streptomycin (15140-122, Gibco,
USA). The cells were maintained at 37 °C with 5% CO» under saturated humidity. Rat H9c2 cells were used as a positive reference to
detect the basal expression of LOC108352929 and Phfl1. Smart silencer technology was employed to knock down the expression of
IncRNA LOC108352929 to observe its effect on the expression of Phf11, TNF-a, and IL-1p in EGCs. EGCs were categorized into four
groups: Smart Silencer-LOC108352929 group (SS), Smart Silencer-NC group (NC), transfected reagent control group (mock), and
unprocessed cell control group (blank). Two replicate wells were used for each group. Smart silencer-LOC108352929 and Smart
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silencer-NC were custom-synthesized by RIBOBIO (China). After 48 h of culture, cells were collected for RNA extraction.

2.12. Statistical analysis

Data analysis was conducted using SPSS 21.0 software. Intergroup comparisons of normally distributed data were performed using
one-way ANOVA, with the choice between the least significant difference (LSD) method or Dunnett’s T3 method depending on the
variance. Non-normally distributed data were compared between groups using non-parametric tests. P < 0.05 was considered as
statistically significant.

3. Results
3.1. Moxibustion alleviates DSS-induced ulcerative colitis

The UC rat model was established by administering 4% DSS in drinking water, and the therapeutic effects of moxibustion were
observed. The results demonstrated that rats in the NC group displayed normal activity and passed stools of moderate hardness and
consistency. In contrast, rats in the UC group had loose and soft stools accompanied by mucus and blood. Compared with the UC group,
rats in the MOX and SASP groups exhibited improved mobility, formed stools, and an absence of blood in their stool. Compared with
the NC group, the DAI score was significantly increased in the UC group (P < 0.05). While, compared with the UC group [2.00 (1.00,
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Fig. 2. Moxibustion alleviates DSS-induced colonic inflammation in UC rats. (A) H&E staining of the colon (magnification, x 200); (B) Disease
activity index; (C) Macroscopic score of rat colon tissue; (D) Colonic mucosa damage index; (E) Histopathological scores of the colon. Effects of
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2.50)], DAI scores were significantly lower in MOX [0.25 (0.00, 0.50)] and SASP [0.00(0.00,0.38)] groups (P < 0.05) (Fig. 2B).
Furthermore, the CMDI and macroscopic damage score of the rat colon were significantly reduced (P < 0.05) following MOX and SASP
treatment (Fig. 2C and D).

HE staining revealed that the colonic mucosa in the UC group exhibited significant colonic epithelial damage, with extensive ulcers
visible on the mucosa, notable changes in crypt architecture, a significant reduction in the number of crypts, a marked decrease in
goblet cells, obvious bleeding, and extensive infiltration by inflammatory cells. The MOX group displayed repaired colonic epithelium,
healing ulcers, changes in crypt architecture, decreasing crypt numbers and goblet cells, absent significant bleeding, and minimal
inflammatory cell infiltration. In the SASP group, the colonic epithelium showed partial recovery, characterized by small mucosal
ulcers, altered crypt structures, reduced goblet cells, and inflammatory cell infiltration (Fig. 2A). Compared with the NC group, the
colon histopathology score was significantly increased in the UC group (P < 0.05); conversely, compared with the UC group [13.00
(11.25, 14.00)], histopathological scores were significantly lower in MOX [5.50 (4.00, 7.75)] and SASP [6.00(5.25,6.75)] groups (P <
0.05) (Fig. 2E). The scoring results are presented in Supplementary Table S4. These results suggested that MOX ameliorated colonic
injury in DSS-induced UC rats.

To investigate the anti-inflammatory effects of moxibustion in UC rats, we further evaluated the expression levels of pro-
inflammatory cytokines TNF-a, IFN-y, and IL-1p in the colonic tissues of rats in each group (Fig. 2F-H, Supplementary Fig. S1). The
protein expression levels of TNF-a, IFN-y, and IL-1f were significantly higher in the UC group compared with the NC group (P < 0.05).
Compared with the UC group, the levels of TNF-a, IFN-y, and IL-1p proteins were significantly reduced in the MOX group (P < 0.05),
and the IFN-y expression level was significantly decreased in the SASP group (P < 0.05). These results suggest that moxibustion can
mitigate the overexpression of pro-inflammatory cytokines in the colon and ameliorate intestinal inflammation in UC rats.
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3.2. Moxibustion regulates IncRNA and mRNA expression profiles in colon tissues of UC rats

To further understand the mechanism by which moxibustion improves colonic inflammation in rats with UC, we used RNA-seq to
analyze the expression profiles of colonic IncRNAs and mRNAs in NC, UC, and MOX groups. Data quality control (QC) revealed no
significant fluctuations in base composition across the samples, and the QC results were satisfactory (Supplementary Fig. S2).
Compared with the NC group, we observed 15 upregulated and 5 downregulated IncRNAs in the UC group (Fig. 3A and B, Table 1).
When comparing the UC and MOX groups, we observed 6 upregulated and 9 downregulated IncRNAs in the MOX group (Fig. 3C and D,
Table 2). Concerning mRNA expression profiles, 64 upregulated and 38 downregulated mRNAs were in the UC group compared to
those in the NC group (Fig. 4A and B, Supplementary Table S5). However, following MOX intervention, we identified 117 upregulated
and 40 downregulated mRNAs (Fig. 4C and D, Supplementary Table S6).

3.3. KEGG pathway analysis of differentially expressed mRNAs and differentially expressed IncRNA-targeted mRNAs

KEGG pathway analysis of differentially expressed mRNAs and differentially expressed IncRNA targeting mRNAs revealed the
involvement of multiple KEGG pathways. Therefore, we only displayed the top 30 pathways with the most significant enrichment.
Among these pathways, KEGG pathways associated with differentially expressed mRNAs between the NC and UC groups encompassed
the AMPK signaling pathway, glycosaminoglycan biosynthesis (chondroitin sulfate/dermatan sulfate), glycosaminoglycan biosyn-
thesis (keratan sulfate), glycosphingolipid biosynthesis (globo series), glycosphingolipid biosynthesis (ganglio series), fatty acid
biosynthesis, adipocytokine signaling pathway, fatty acid degradation, glycerolipid metabolism, ABC transporters, and more (Fig. 5A).
Furthermore, KEGG pathways linked to differentially expressed mRNAs between the UC and MOX groups included ubiquitin-mediated
proteolysis, endocytosis, antigen processing and presentation, and cell adhesion molecules (Fig. 5B).

We analyzed KEGG signaling pathways associated with target mRNAs that were influenced by differentially expressed IncRNAs.
The target mRNAs of the differentially expressed IncRNAs in the NC and UC groups were found to be predominantly enriched in
pathways such as valine, leucine, and isoleucine degradation; intestinal immune network for IgA production; cysteine and methionine
metabolism; tryptophan metabolism; tyrosine metabolism; pyruvate metabolism; ether lipid metabolism; chemokine signaling
pathway; ribosome; nicotinate and nicotinamide metabolism; Jak-STAT signaling pathway; and Wnt signaling pathway (Fig. 6A). The
target mRNAs of differentially expressed IncRNAs in the UC and MOX groups displayed significant enrichment in pathways including
cell cycle, glycolysis/gluconeogenesis, glutathione metabolism, lysine degradation, fatty acid degradation, cysteine and methionine
metabolism, ether lipid metabolism, tyrosine metabolism, endocytosis, cell adhesion molecules, and herpes simplex infection (Fig. 6B).

3.4. Screening and validation of differential IncRNA-mRNA interactions

LncRNAs primarily function by regulating the expression of target mRNAs. Predicting target mRNAs through the putative mech-
anisms of IncRNAs and establishing the relationship between differentially expressed IncRNAs and mRNAs are crucial for advancing
our understanding of IncRNA functions. In this study, we investigated the biological functions of differentially expressed IncRNAs. To
do so, we predicted both cis-regulated (in cis) and trans-regulated (in trans) target mRNAs for each differentially expressed IncRNA
between the groups. The detailed results are presented in Supplementary Tables S7-S10.

We identified four pairs of key IncRNA-mRNAs under the condition that both the IncRNAs and their target mRNAs exhibited
significant differences [loga(Fold Change) > 1 combined with P < 0.05]. These interactions include LOC103693584-Stxbp5l,

Table 1
Differentially expressed IncRNAs between the NC and UC groups.

IncRNA Gene Log, FC Regulation (UC/NC)
XR_359741.2 LOC102547136 3.209 up
XR_594953.2 LOC103693490 2.314 up
ENSRNOT00000077214.1 ENSRNOG00000058516.1 2.913 up
XR_001838955.1 LOC108351506 4.406 up
NR_132648.1 Hoxaas3 1.740 up
XR_596119.1 LOC102556949 2.886 up
XR_360955.3 LOC100910628 1.814 up
XR_354537.3 LOC102551142 2.877 up
XR_595091.2 LOC103693584 1.924 up
XR_001842408.1 LOC108348975 5.962 up
XR_593021.2 LOC103692634 2.541 up
XR_596420.2 LOC102557578 3.319 up
XR_001838982.1 LOC108351518 1.600 up
XR_086368.4 LOC688932 1.275 up
XR_591307.2 LOC102555028 1.122 up
XR_001841629.1 LOC108348398 —2.253 down
XR_001837610.1 LOC108350715 -1.671 down
XR_597395.2 LOC102550965 —1.281 down
XR_354597.3 Capnl3 —1.260 down
XR_001841338.1 LOC102551046 —3.263 down
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Table 2

Differentially expressed IncRNAs between the UC and MOX groups.
IncRNA Gene Logs FC Regulation (MOX/UC)
NR_046239.1 Rn45s 1.272 up
XR_001841337.1 LOC108352929 1.798 up
ENSRNOT00000087909.1 ENSRNOG00000058784.1 1.459 up
ENSRNOT00000092503.1 ENSRNOG00000000478.6 1.281 up
XR_591618.2 LOC102555456 1.717 up
XR_362158.2 LOC102554005 1.289 up
XR_591307.2 LOC102555028 —-1.514 down
XR_001840646.1 LOC102551138 —1.685 down
XR_001836925.1 LOC102556058 —1.835 down
XR_001838982.1 LOC108351518 —1.418 down
NR_132648.1 Hoxaas3 —1.333 down
XR_355253.3 LOC102552770 —1.395 down
XR_591728.2 LOC103691914 —2.320 down
XR_591273.1 Prdx111 -1.126 down
NR_102359.1 L0OC100910802 —1.569 down
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Fig. 4. RNA-seq identifies expression changes of mRNAs in colon tissues. Volcano plots (A) and heat map (B) of differentially expressed mRNAs
between NC and UC group, Volcano plots (C) and heat map (D) of differentially expressed mRNAs between UC and MOX group. Different expression
mRNA were identified with |logz(Fold Change)|>1and P value < 0.05 (n = 3). Red dots in the volcano plot indicate upregulated ncRNAs and green
dots indicate downregulated ncRNAs. Heatmap horizontal coordinates indicate samples, vertical coordinates indicate differential mRNAs and the
color from blue to red indicates that the expression level of mRNAs ranges from low to high. NC: the normal control group; UC: the ulcerative colitis
model group; MOX: the moxibustion group.

LOC102547136-L0OC102549235, LOC108352929-Phf11, and ENSRNOG00000058784.1-RT1-N3. To validate the IncRNA-mRNA
expression within these four pairs, we performed RT-qPCR. The results indicated that LOC108352929-Phf11 displayed significant
differences among the three groups, as illustrated in Fig. 7A and B. Specifically, when compared with the NC group, the expression of
LOC108352929 was significantly lower in rats from the UC group (P < 0.05), whereas the mRNA expression of Phfl1 was significantly
higher (P < 0.05). However, compared with the UC group, the expression of LOC108352929 was significantly higher (P < 0.05) and
the mRNA expression of Phfl1 was significantly lower (P < 0.05) in rats from the MOX group.
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the pathway, and the vertical coordinate represents the pathway name. The size of the dots in the graph indicates the number of target genes
enriched to the pathway, and the color indicates the P value.
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3.5. Effect of moxibustion on colonic Phf11-NF-xB expression in UC rats

Phf11 can interact with NF-kB, subsequently promoting IFN-y expression and playing a pivotal role in regulating T cell activation
[18]. Therefore, we employed immunofluorescence to scrutinize the co-localized expression of Phfl1 and NF-kB in the colonic tissues
of three rat groups, aiming to ascertain whether the therapeutic effect of moxibustion on UC was correlated with intestinal Phfl1



G. Lietal Heliyon 10 (2024) e26898

A 2.5+ 1.5+ 1.5+ 2.0

-
e >
<« 20 & . &
1.5
3 2 S 3
2 = 1.0+ Q 1.0- S
o 1.5 < 0 ek o
© wn [l o
[ N ==} o 1.0
S 104 = = 3
Q Q 0.5 Q 0.5 o
o) o] o Z 0.5
Y | pur 2o
- 7]
b2
0.0 y - 0.0 : ' ; 0.0- W g0
0X NC uc  mMox NC uc  MoXx NC uc  mox
2.0+ 31 2.0+

w

1.0

Stxbp5l

LOC102549235
@ 5 &
1 1 1
Phf11
n s
)
RT1-N3
S = e L
o .
1 1
4
3

NC uc M

1.0+

0.5

NC uc MOX

C DAPI

Fig. 7. Validation of IncRNA-mRNA expression level by using RT-qPCR. (A) Expression levels of IncRNA and (B) expression levels of mRNA in three
groups. (C) Phfll and NF-kB expression and co-localization in rat colon (magnification, x 200). NC: the normal control group; UC: the ulcerative
colitis model group; MOX: the moxibustion group. Compared with NC group, **P < 0.01, ***P <0.001; compared with UC group, P < 0.05, *#P <
0.01, #*#P<0.001, n = 6.
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expression. Compared with the NC group, there was an increase in the positive expression and co-localization of Phfl1 and NF-kB.
However, moxibustion treatment led to a reduction in the expression and colocalization of Phf11 and NF-kB (Fig. 7C). These findings
imply that the inhibition of Phfl1 overexpression in the rat intestine may be one of the mechanisms by which moxibustion ameliorates
intestinal inflammation in UC.

3.6. Effect of LOC108352929 knockdown on TNF-a expression in rat EGCs

To assess the basal expression of LOC108352929 and Phf11 in rat enteric glial cells (EGCs), we used rat H9c2 cells as a comparison.
The expression of these transcripts met the conditions for conducting long non-coding RNA interference (IncRNA RNAi) experiments
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Fig. 8. Effect of knockdown of LOC108352929 on TNF-a mRNA expression in rat EGCs. (A) LOC108352929 and Phf11 expression in EGC and H9¢2
cells, (B) LOC108352929 and Phfl1 mRNA expression in each group of cells after interfering with the expression of LOC108352929, (C) mRNA
levels of TNF-a and IL-1f in each group of cells after LOC108352929 interference. (D) Venn diagram displaying the miRNA prediction results for
LOC108352929. (E) Construction of the network involving target genes and candidate miRNAs. (F) Formation of the LOC108352929-miRNA-Phf11
network. In the diagram, red circles represent IncRNAs, green circles represent mRNAs, and yellow diamonds represent common target miRNAs. NC:
transfected Smart Silencer - NC group; SS: transfected Smart Silencer - LOC108352929 group; mock: transfected reagent control group; blank:
Enprocessed cell control group. Compared with the NC group, *P < 0.05.

(Fig. 8A). Subsequently, we employed RNAI technology (Smart Silencer) to transfect rat EGCs, which resulted in a significant reduction
in the transcript levels of IncRNA LOC108352929 (P < 0.05) with a silencing efficiency of approximately 30%. However, no significant
intergroup differences were noted in the mRNA expression level of Phfl1 (Fig. 8B). We also examined the expression levels of TNF-a
and IL-1p. The results indicated a significant increase in TNF-a mRNA expression following the knockdown of IncRNA LOC108352929
compared to the NC group (P < 0.05), while the expression level of IL-13 mRNA remained unchanged (Fig. 8C). These results suggest
that moxibustion improves the level of intestinal inflammation in rats with UC, which may be partially related to the promotion of
LOC108352929 expression.

After the knockdown of LOC108352929 expression in cellular experiments, it resulted in a significant increase in TNF-«, while no
notable effect on Phf11 mRNA expression was observed. This led us to speculate that miRNAs may play a role in the intricate inter-
action between IncRNAs and mRNAs. Consequently, we constructed a LOC108352929-miRNA-Phf11 interaction network (Fig. 8D-F).
These results indicated that 30 miRNAs, including rno-miR-153-5p, rno-miR-877, and rno-miR-3557-3p, could potentially mediate the
competitive inhibitory relationship between LOC108352929 and Phfl1.

4. Discussion

Ulcerative colitis (UC) is a chronic, recurrent inflammatory bowel disease that primarily affects the mucosa and submucosa of the
rectum and colon. Moxibustion, a traditional Chinese medicine therapy, has demonstrated clinical effectiveness in treating UC and
improving psychological well-being, including anxiety and depression, as well as the overall quality of life of patients [19,20]. Our
observations revealed that moxibustion not only enhanced colonic DAL, CMDI, macroscopic, and histopathological scores but also
alleviated colonic injury in DSS-induced UC model rats, consistent with our previous research [8,14,21]. The HE results indicated that
in the MOX group, despite a reduction in goblet cells and the presence of inflammatory cell infiltration, there was observed restoration
in the colonic epithelium compared to the UC group. Although the pathogenesis of UC remains unclear, intestinal mucosal immune
dysregulation is widely believed to play a pivotal role in its development [22]. Immune activation within the colonic mucosa leads to
the production of numerous inflammatory cytokines, resulting in the heightened expression of pro-inflammatory factors, such as
TNF-a, IFN-y, IL-1, IL-6, and IL-13 in the colons of UC-afflicted rats [23,24]. In this study, we observed that moxibustion significantly
reduced colonic protein expression levels of TNF-a, IFN-y, and IL-1f in UC rats, contributing to the amelioration of UC-associated
colonic inflammation.

LncRNAs play crucial roles in various biological processes by regulating gene expression and serve as significant contributors to the
pathogenesis and progression of numerous diseases [25-27]. Therefore, IncRNAs have potential utility as biomarkers or therapeutic
targets for UC. In clinical samples obtained from patients with UC and healthy populations, 99 differentially expressed IncRNAs were
identified, underscoring the substantial role of IncRNAs in UC pathogenesis and inflammatory response [28]. In this study, we con-
ducted RNA-seq analysis on colon tissues from rats in the normal, model, and moxibustion groups to delineate alterations in IncRNA
and mRNA expression within the colon tissues of these groups. We aimed to identify the potential IncRNA targets influenced by
moxibustion treatment in UC. Within the NC and UC groups, we identified 20 differentially expressed (DE) IncRNAs (15 upregulated
and 5 downregulated) and 102 DE mRNAs (64 upregulated and 38 downregulated). In UC and MOX tissues, we identified 15 DE
IncRNAs (6 upregulated and 9 downregulated) and 157 DE mRNAs (117 upregulated and 40 downregulated).

We conducted KEGG analysis of DE mRNAs and IncRNA target mRNAs. The DE mRNAs and DE IncRNA target mRNAs in UC and NC
rats were found to be significantly enriched in pathways related to amino acid metabolism, particularly tryptophan (TRP) metabolism.
The progression of UC is intricately linked to disruptions in amino acid metabolism, and rebalancing these pathways can help suppress
intestinal inflammation and enhance the function of the intestinal barrier in UC [29,30]. Tryptophan is one of the eight essential amino
acids found in humans. The metabolism in the intestine involves interactions between intestinal epithelial cells and microorganisms
[31]. Notably, patients with IBD exhibit significantly reduced serum TRP levels, which are negatively correlated with disease activity
and CRP levels [32]. TRP can alleviate intestinal inflammation by restoring intestinal barrier integrity and modulating the intestinal
microbiota [33,34]. In a previously published review, our team emphasized the crucial role of the TRP metabolic pathway in
IBD-related depression [35]. Furthermore, the target mRNAs of the differentially expressed IncRNAs between the NC and UC groups
and between the MOX and UC groups were significantly enriched in amino acid metabolism-related pathways, including cysteine and
methionine metabolism, ether lipid metabolism, and tyrosine metabolism. Cysteine and methionine belong to a group of
sulfur-containing amino acids that are notably susceptible to oxidation because of the electron-rich sulfur atoms in their side chains
[36]. Methionine can also be converted into cysteine via the transsulfuration pathway [37]. An increase in the levels of these amino
acids in the gastrointestinal tract leads to a dose-dependent escalation of colonic inflammation [38]. The findings of this study further
suggest that the metabolism of cysteine and methionine may represent one of the key pathways through which moxibustion ame-
liorates inflammation in the intestinal tract of rats with UC.

Increasing evidence suggests that specific IncRNAs and their downstream signaling pathways play crucial roles in inflammation and
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maintenance of the intestinal barrier in ulcerative colitis (UC). For instance, Zhu found that IncRNA MALAT1 was upregulated in the
colonic tissues of UC patients, and promoted lipopolysaccharide (LPS)-induced inflammatory responses [39]. Tian discovered that
IncRNA CDKN2B-AS1 could negatively regulate miR-16-5p and miR-195-5p levels and inhibit serum inflammatory cytokine TNF-a,
IL-6, and sIL-2R levels in UC patients [40]. Furthermore, inhibition of IncRNA-NEAT1 affects glucose metabolism in intestinal
epithelial cells by modulating its downstream target LDHA via miR-410-3p, resulting in intestinal epithelial cell dysfunction in ul-
cerative colitis [41]. In this study, we identified four pairs of differentially expressed IncRNA-mRNAs using screening conditions in
which both IncRNAs and their target mRNAs exhibited significant differences between the groups. We assessed their expression levels
using RT-qPCR, which revealed significant intergroup differences in LOC108352929 and Phf11. Although there is limited research on
the function of LOC108352929, Phf11 is known to have a wide range of functions in promoting T-cell activation and viability. In Th1
cells, Phf11 interacts with NF-kB to activate IL-2 and IFN-y transcription [18]. In this study, we also observed increased expression of
Phf11 and NF-B in the colonic tissues of UC rats, and moxibustion effectively suppressed their expression and co-localization.

To gain a deeper understanding of the function of LOC108352929, we used RNAI to interfere with its expression in rat enteric glial
cells. Following the inhibition of LOC108352929, the expression of TNF-a mRNA significantly increased, while no significant dif-
ference was observed in Phfl1 expression. This suggests that LOC108352929 may mitigate intestinal inflammation by suppressing
TNF-a expression.

miRNAs are small non-coding RNAs that inhibit mRNA translation and promote mRNA degradation [42]. In contrast, IncRNAs
modulate target mRNA expression by acting as sponges that adsorb miRNAs [43]. We considered whether the lack of significant
change in Phfll expression following LOC108352929 inhibition was related to miRNAs. Consequently, we constructed the
LOC108352929-miRNA-Phfl1 network and identified 30 miRNAs that may play central roles, including miR-378a-5p and
miR-200b-3p. For instance, miR-378a-5p, a highly expressed miRNA in human umbilical cord mesenchymal stem cell (hucMSC)--
derived exosomes, has been found to target NLRP3, inhibit NLRP3 inflammatory vesicles and prevent cellular pyroptosis, thereby
facilitating the repair of DSS-induced colitis [44]. Similarly, miR-200b-3p regulates the composition of the microbiota and contributes
to the maintenance of intestinal barrier integrity [45]. When miR-200b-3p levels were inhibited, the disease activity index in UC rats
increased, whereas the upregulation of miR-200b-3p mitigated inflammation and apoptosis in colonic epithelial cells in UC rats [46].
These findings suggest that multiple UC-related miRNAs are involved in the interactions between LOC108352929 and Phf11.

In addition, this study had some limitations. In this study, we conclude that the interaction between LOC108352929 and Phf11 may
play an important role in the improvement of UC by moxibustion. We used RNA-seq, bioinformatic analysis, RT-qPCR, immunoflu-
orescence staining, and smart silencing technology to explore the relationship between LOC108352929 and Phfl1. Although we
observed moxibustion regulatory of LOC108352929-Phf11 and co-expression of Phfl1 and NF-xB in the colon of UC rats, only its
regulatory effect on TNF-a was observed after knockdown of LOC108352929 expression in rat EGCs. Further silencing of
LOC108352929 in vivo would provide more comprehensive evidence effectiveness of moxibustion in DSS-induced colitis.

5. Conclusions

In conclusion, moxibustion ameliorated intestinal mucosal injury and alleviated intestinal inflammation in UC rats. The mechanism
may be related to the regulation of IncRNA expression profiles, modulation of LOC108352929-Phf11 expression, and the reduction of
TNF-a and other pro-inflammatory factors’ expression.
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