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ABSTRACT
Objective: Crohn’s disease (CD) is a chronic inflammatory condition of the bowel that remarkably impairs a 
patient’s quality of life and often has a poor prognosis. Perianal fistulizing CD (PFCD) is one of the most common 
parenteral symptoms of CD and a huge challenge for the management of this illness. This study aimed to elucidate 
the molecular mechanisms underlying PFCD and identify potential biomarkers to advance our understanding 
and management of this condition.

Material and Methods: Transcriptome sequencing was performed using the control and PFCD groups to 
investigate the mechanisms of PFCD development. The expression of tumor necrosis factor receptor-associated 
factor 5 (TRAF5), nuclear factor-kappa B (NF-κB), and interleukin 13 (IL-13) messenger ribonucleic acid 
(mRNAs) was detected by quantitative polymerase chain reaction (qPCR). Pathological morphology was observed 
using hematoxylin and eosin staining. The expression of TRAF5, Epithelial Cadherin (E-cadherin), Snail family 
transcriptional repressor 1 (SNAIL1), and vimentin protein was detected by immunohistochemistry. Following 
the knockdown of TRAF5 in human tumor-29 (HT-29) cells, the effects on cell proliferation and migration were 
assessed using the cell counting kit-8 and Transwell assays. The expression levels of crucial markers were analyzed 
by qPCR, Western blot, and immunohistochemistry.

Results: Transcriptomic sequencing revealed a significant upregulation of TRAF5 in the PFCD group, 
accompanied by elevated mRNA levels of NF-κB and IL-13 compared with those in the control group. In addition, 
the PFCD group exhibited increased expression of TRAF5, SNAIL, and vimentin and marked reduction in 
E-cadherin levels, indicating that PFCD may facilitate epithelial–mesenchymal transition (EMT). Knocking down 
TRAF5 in HT-29 cells reduced cell proliferation and migration; inhibited NF-κB and IL-13 mRNAs, SNAIL1, and 
vimentin levels; and promoted E-cadherin levels.

Conclusions: The development of PFCD was associated with EMT, and TRAF5 was a key gene of PFCD. 
Knocking down TRAF5 alleviated the EMT promotion of PFCD, indicating that TRAF5 drove the development 
of PFCD through EMT.

Keywords: Crohn’s disease, Epithelial–mesenchymal transition, Tumor necrosis factor receptor-associated factor 
5, Nuclear factor-kappa B, Interleukin 13
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INTRODUCTION

Crohn’s disease (CD) is a persistent inflammatory condition 
that often occurs in the right half of the colon and terminal 
ileum of human body, though it can influence any region of 
the digestive tract.[1] The prevalence of CD has continued to 
rise over the past few years,[2] highlighting the importance of 
in-depth studies on this disease. However, the cause of CD 
is not clear. A  disorder of the innate and adaptive immune 
response resulting from an intricate interplay of genetic 
susceptibility, environmental factors, and intestinal flora 
changes[3] possibly triggers this disease. Statistical reports 
indicate that 25–80% of adults with CD experience perianal 
complications, including anal fistula, perianal abscess, 
anal fissure, and rectal stenosis.[4] Among them, perianal 
fistulizing CD (PFCD) is the most frequent parenteral 
symptom of CD.[5] Its fistula running is generally complex 
and difficult to treat. Medical or surgical treatment alone 
cannot provide satisfactory clinical results, and this condition 
often requires integral options for comprehensive treatment. 
Recommended drugs for PFCD management mostly include 
biological agents, immunosuppressants, antibiotics, and 
aminosalicylic acid and its precursor drugs.[6-8] In general, 
hanging drainage or catheter drainage is performed for 
patients with clinically acute fistula CD, and definitive 
surgery is feasible for perianal CD in remission or without 
concurrent infection. Despite clinical treatment, the wound 
often remains extensive and resistant to healing, exposing 
patients to a high recurrence rate and significantly impacting 
their well-being.[9] This phenomenon underscores the need to 
investigate the molecular mechanisms and new biomarkers 
of PFCD to prevent its development.

The epithelial–mesenchymal transition (EMT) is a complex 
biological phenomenon involving a multitude of steps and 
molecular mechanisms. In this process, epithelial cells lose 
connection to recombine their cytoskeleton, enhancing 
migration, invasion, and anti-apoptosis.[10] These cells are 
crucial in embryonic development, tissue repair, fibrosis, and 
cancer metastasis.[11,12] EMT may be associated with PFCD.[13] 
One of the characteristics of PFCD is the transformation of 
epithelial cells that have undergone EMT into mesenchymal 
cells. In the environment surrounding CD fistulas, EMT is 
induced by diverse signaling molecules, such as transforming 
growth factor-β (TGF-β), tumor necrosis factor-α (TNF-α), 
and interleukin-13 (IL-13). During this process, specialized 
epithelial cells are transformed into mesenchymal cells 
under the stimulation of endothelial cell transition inducers 
TGF-β, TNF-a, and IL-13.[14] Studies on the mechanism of 
CD fistula demonstrated that two-thirds of non-epithelial 
fistulas are lined by a layer of myofibroblast-like cells, that is, 
“transitional cells” (TCs), which undergo EMT.[15] Therefore, 
EMT may be crucial in the formation and development of 
CD fistula. Targeting this process could offer a new approach 

for treating PFCD, highlighting the potential for novel 
therapeutic strategies.

Transcriptomic sequencing is a widely applied technology 
for the transcriptomic investigation of cells and tissues. It 
can provide an overall perspective of gene expression in 
different physiological or pathological states. This technique 
has been applied in diseases including colorectal cancer,[16] 
breast cancer,[17] and gastric cancer.[18] When used for 
PFCD, transcriptomic sequencing can provide valuable 
information on the pathogenesis of PFCD. Therefore, this 
study investigated EMT and its role in PFCD through 
transcriptomic sequencing and performed validation 
through cell experiments to explore the developmental 
mechanism of PFCD and optimal treatment strategies, 
providing new ideas and methods for managing PFCD. The 
role of TRAF5 in the formation of CD-related fistula was 
clarified from the perspectives of transcriptomics, pathology, 
and molecular biology. The findings provided new insights 
into the pathogenesis of CD-related fistula and laid the 
foundation for formulating clinical treatment strategies.

MATERIAL AND METHODS

This study was approved by the Ethics Committee of the 
Affiliated Hospital of Nanjing University of Chinese Medicine 
under the approval number 2023NL-062-01 and was guided 
by the Declaration of Helsinki. All the participants provided 
written informed consent.

Experimental grouping

Twelve clinical samples were collected and divided into two 
groups: Control (normal human colorectal tissue samples) 
and PFCD (post-operative patients with PFCD). Six patients 
in each group were subjected to transcriptomic sequencing, 
quantitative polymerase chain reaction (qPCR), hematoxylin 
and eosin (HE) staining, and immunohistochemical 
detection. The baseline characteristics of the patients are 
shown in Table 1.

Transcriptomic sequencing analysis

Transcriptomic sequencing data were analyzed using a 
bioinformatic approach with R 4.3.2 (Lucent Technologies 
Inc., Union, NJ, USA, https://www.r-project.org/). 
Differentially expressed genes (DEGs) were identified by 
R programming, with statistical significance determined 
by controlling the false discovery rate. The DEGs were 
considered significant if P-value was below 0.05. Genes 
with a log2 fold change (log2FC) >1.5 were classified as 
upregulated, and those with a log2FC <−1.5 were classified 
as downregulated. Fold change was calculated using the 
Fragments Per Kilobase of transcript per Million mapped 
reads (FPKM) values. Gene ontology (GO) and Kyoto 
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Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichments were analyzed with R, and the significance 
of the enrichment was assessed by adjusting p-values for 
multiple hypothesis testing.

Vector construction

Short hairpin ribonucleic acid (shRNA)-tumor necrosis factor 
receptor-associated factor 5 (TRAF5) (NM_001033910.3) 
vector was designed and established by Chongqing 
Biomedicine Biotechnology Co., Ltd. (Chongqing, China). In 
particular, short hairpin TRAF5 (shTRAF5) was constructed 
using the pLVX-shRNA2-puro vector (KL-12240VT, 
KALANG, Shanghai, China) and validated for sequencing. 
TRAF5-oligo1: GCTGGAGGGTACTTGCTATAA; top 
strand: 5ʹ-GATCCGGCTGGAGGGTACTTGCTATAACTCG
AGTTATAGCAAGTACCCTCCAGCTTTTTTG-3ʹ; bottom 
strand: loop sequence of 5ʹ-AATTCAAAAAAGCTGGAGG
GTACTTGCTATAACTCGAGTTATAGCAAGTACCCTCC
AGCCG-3ʹ shRNA was CTCGAG.

Cell model establishment

Human tumor-29 (HT-29) cells (CL-0118, Procell, Wuhan, 
China) were planted in plates at a cell density of 2 × 105 cells/
mL. After adherence, the cells were assigned to control group, 
TGF-β1 group, TGF-β1 + short hairpin negative control 
(shNC) group, and TGF-β1 + shTRAF5 group. The control 
group was given normal culture using complete Dulbecco’s 
modified eagle medium (DMEM) (C11995500BT, Gibco, 
Waltham, MA, USA). The TGF-β1 group was cultured using 
complete DMEM with a final concentration of 10  ng/mL 

TGF-β1 (P02279, Solarbio, Beijing, China). The TGF-β1 + 
shNC group was cultured with complete DMEM containing 
10  ng/mL TGF-β1 after transfection with an empty vector. 
The TGF-β1 + shTRAF5 group was cultured with complete 
DMEM containing 10 ng/mL TGF-β1 at final concentration 
after transfection with TRAF5 interfering plasmids. Samples 
were collected after 48 h for subsequent testing. All cell lines 
were validated through short tandem repeat profiling and 
confirmed to be free of mycoplasma contamination.

Cell counting kit-8 (CCK-8)

For cell viability assessment, 10 μL of CCK-8 solution (C0038, 
Beyotime Biotechnology, Shanghai, China) was added to the 
treated cells in a 96-well plate. Wells without cells served as 
blank controls. After 1-h incubation, absorbance at 450 nm 
was measured using a microplate reader (CMax Plus, 
Molecular Devices Instruments Co., Ltd., USA).

Transwell assay

Well-grown cells were digested with trypsin-EDTA solution 
(0.25%) (S310KJ, BasalMedia, Shanghai, China), centrifuged, 
resuspended with serum-free medium, and adjusted to a 
density of 5 × 105  cells/mL. In Transwell chambers with 
8.0 μm pore size (3421, Corning, NY, USA), 100 μL of cell 
suspension was introduced to each well and incubated 
for 24  h. Following two cycles of washing with calcium-
free phosphate-buffered saline (PBS) (G0002, Servicebio 
Biotechnology, Wuhan, China), the cells were fixed with 4% 
paraformaldehyde (prepared using PBS) (DF0135, Leagene 
Biotechnology, Beijing, China), stained with 0.1% crystal 

Table 1: Patient baseline characteristics.

Groups Number Sex Age Past history Family history WBC (/L) HGB (g/L) PLT (/L) AST (U/L) ALT (μmol/L)

Control 1 W 36 0 0 5.63 74 276 11 8

2 W 27 0 0 6.7 103 303 14 11

3 W 37 0 0 6.09 133 264 25 233

4 M 32 0 0 10.21 149 292 31 57

5 M 34 0 0 4.34 85 219 12 6

6 M 38 0 0 9.22 143 304 14 15

PFCD 1 W 22 0 0 8.15 98 347 14 6

2 M 37 0 0 5.57 144 286 23 30

3 M 30 0 0 4.15 148 259 28 18

4 M 33 0 0 5.79 143 291 28 25

5 M 35 0 0 7.94 99 497 22 23

6 M 31 0 0 5.74 146 193 27 58
M: Man, W: Woman, WBC: White blood cell, HGB: Hemoglobin, PLT: Platelet, AST: Glutamic oxaloacetic transaminase, ALT: Glutamic-pyruvic 
transaminase, PFCD: Perianal fistulizing Crohn’s disease
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violet (1425163, Leagene, Beijing, China), and counted under 
a ×100 microscope (CKX3-SLP, OLYMPUS, Tokyo, Japan).

HE staining

The samples were rinsed with PBS (G0002, Servicebio, 
Wuhan, China), fixed with 4% paraformaldehyde (59–
104, Labcoms, Beijing, China), dehydrated with ethanol 
(Chuandong Chemical, Chongqin, China), and treated 
with xylene (Chuandong Chemical, Chongqin, China) for 
transparency. The treated tissues were soaked in melted 
paraffin (39601006, Leica, German) for 2  h, prepared into 
2.5 μm slices, tiled on superfrost slides, and baked at 55°C. 
The paraffin sections were treated with xylene for dewaxing, 
ethanol for rehydration, and double distilled water for 
cleaning and then subjected to hematoxylin staining (G1004, 
Servicebio, Wuhan, China) for 5 min. The sections were then 
treated with 1% ethanol hydrochloride for discoloration 
and eosin solution (G1002, Servicebio, Wuhan, China) 
for staining for 2  min, rinsed with tap water, dehydrated 
with ethanol, dewaxed with xylene, and finally embedded 
in neutral resin (10004160, Sinopharm, Beijing, China). 
Pathological changes were observed under a microscope 
(MF53, Guangzhou MSHOT Optoelectronic Technology, 
Guangzhou, China).

qPCR

Total ribonucleic acid (RNA) of each cell group was isolated 
utilizing the Trizol reagent (B511311-0500, Sangong Biotech, 
Shanghai, China), and 1 μL of RNA extract from each sample 
was added to the spectrophotometer (NanoDrop One/One 
C, Thermofisher, Waltham, MA, USA) for concentration 
and purity. complementary deoxyribonucleic acid (cDNA) 
synthesis was performed following the kit instructions 
(TSK302M, Tsingke Biotechnology, Beijing, China), and 
the qPCR reaction system (TSE002, Tsingke Biotechnology, 
Beijing, China) was prepared. The reaction was conducted 
in a real-time fluorescence qPCR instrument (IQ5, Bio-
Rad, Hercules, CA, USA). As an internal parameter, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene 
expression levels were calculated by 2−ΔΔCT. The sequences of 
experimental primers are provided in Table 2.

Immunohistochemistry

The paraffin slices were dewaxed with xylene, rehydrated 
with ethanol, and washed with double distilled water. The 
antigen was boiled for 30  min, treated with 3% Hydrogen 
peroxide for 15 min, and sealed using goat serum (C0265, 
Beyotime Biotechnology, Shanghai, China) at room 
temperature for 30  min after PBS washing. The primary 
antibody was added for incubation overnight at 4°C. After 

PBS cleaning, secondary antibody was added for incubation 
1.5  h. After another PBS cleaning, 3,3ʹ-diaminobenzidine 
chromogenic solution (ZLI-9019, ZSGB-BIO, Beijing, 
China) was added for color development. The samples 
were stained with hemp semen dyeing solution (G1004, 
Servicebio, Wuhan, China) for 1  min. Differentiation was 
performed using Acid Alcohol Fast Differentiation Solution 
(C0163M, Beyotime Biotechnology, Shanghai, China), 
rinsed with tap water, dehydrated, dewaxed, sealed with 
neutral gum, and observed under a microscope (ICX41, 
Sunny Optical Technology (Group) Co Ltd., China). The 
antibodies included TRAF5  (1:200, bs-16563R, Bioss, 
Beijing, China), Epithelial cadherin (E-cadherin) (1:500, 
A22850, ABclonal, Wuhan, China), SNAIL1  (1:200, bs-
219581R, bioss, Beijing, China), vimentin (1:200, R22775, 
ZEN- bioscience, Chengdu, China), and HRP-labeled goat 
anti-rabbit immunoglobulin G (IgG) (H + L) (1:50, A0208, 
Beyotime, Shanghai, China). Images were quantified using 
ImageJ (version  1.53, Wayne Rasband, National Institutes 
of Health, https://imagej.nih.gov/ij/) (the percentage of 
positive cell stained area to total stained area is optical 
density).

Western blot (WB)

WB assay was employed to evaluate protein levels of TRAF5, 
E-cadherin, SNAIL1, and vimentin in each cell group. The 
cell samples were transferred to a 1.5  mL centrifuge tube 
and precipitated by centrifugation at 3000  rpm. Radio 
immunoprecipitation Assay (RIPA) lysis buffer (p0013B, 
Beyotime, Shanghai, China) was added to extract the 
proteins. Protein concentration was quantified through BCA 
method. The protein samples were then combined with ×5 
SDS loading buffer (8015011, Dakewei, Beijing, China), 

Table 2: Primer sequences.

Primer name Sequences

TRAF5-F GTTCTGAAGCGGAATGGCTT

TRAF5-R TTCCAACCGCTCCACAAACT

NF-κB-F CCGCTTAGGAGGGAGAGC

NF-κB-R CTGCCATTCTGAAGCTGGTG

IL-13-F TGGAGGACTTCTAGGAAAACG

IL-13-R TCTGGTTCTGGGTGATGTTGA

h-GAPDH-F TCAAGGCTGAGAACGGGAAG

h-GAPDH-R CTCCTCCTCCTCCTGCTTCT
TRAF5: Tumor necrosis factor receptor-associated factor 5, NF-
κB: Nuclear factor-kappa B, IL-13: Interleukin 13, GAPDH: 
Glyceraldehyde-3-phosphate dehydrogenase, A: Adenine, C: Cytosine, 
G: Guanine, T: Thymine
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Figure  1: Transcriptomic sequencing reveals the molecular mechanisms of PFCD development. 
(a) Differential expression volcano map. (b) GO enrichment bubble charts of differentially 
expressed genes. (c) KEGG enrichment bar charts of differentially expressed genes. 
FC: Fold change, BP: Biological process, CC: Cellular component, MF: Molecular function, 
TNF: Tumor necrosis factor, PFCD: Perianal fistulizing Crohn’s disease, GO: Gene ontology, 
KEGG: Kyoto encyclopedia of genes and genomes, IL: Interleukin, NF-kappa B: Nuclear factor 
kappa B.
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heated in a boiling water bath to denature, and separated by 
10% SDS-PAGE gel electrophoresis. The gel was transferred 
onto polyvinylidene difluoride (10600023, Amersham, 
Germany) membrane, which was then placed in TBST 
buffer and blocked with 5% skim milk at room temperature 
for 1 h. Incubation with the primary antibodies, including 
TRAF5 (1:1,000), (41658T, univ-bio, Shanghai, China), 
E-cadherin (1:2,000), (A20798, ABclonal, Wuhan, China), 
SNAIL1 (1:10,000), (A24806, ABclonal, Wuhan, China), 
Vimentin (1:1,000), (A2584, ABclonal, Wuhan, China), 
and GAPDH (1:100,000), (A19056, ABclonal, Wuhan, 
China), was performed overnight on a shaker at 4°C. The 
secondary antibody, horseradish peroxidase (HRP) goat 
anti-Rabbit IgG (H + L) (AS014, ABclonal, Wuhan, China), 
was diluted at a ratio of 1:2000 in TBST and incubated at 
room temperature for 1 h. Immunoreactivity was detected 
using the enhanced chemiluminescence (ECL) reagent 
(34580, Thermo, Massachusetts, USA) and imaged with 
a nucleic acid and protein gel imaging system (Universal 
Hood II, Bio-Rad, CA, USA). The grayscale values of the 
bands were analyzed with ImageJ (version  1.53, Wayne 
Rasband, National Institutes of Health, https://imagej.nih.
gov/ij/) for the determination of relative protein expression 
by calculating the ratio of the target protein’s grayscale value 
to that of GAPDH.

Data statistics and analysis

R 4.3.2 version (Lucent Technologies Inc., Union, NJ, USA, 
https://www.r-project.org/) was used for the bioinformatics 
analysis of transcriptomic sequencing results, and GraphPad 
8.0 software (GraphPad Company, San Diego, CA, USA) 
was employed for one-way analysis of variance and plotting. 
Duncan’s multiple comparisons were conducted to determine 
the differences between groups. Data are presented as mean 
± standard deviation (x ± s), with statistical significance 
defined as P < 0.05.

RESULTS

Transcriptomic sequencing reveals a key role of TRAF5 in 
PFCD

The volcano map revealed 1942 DEGs between the two groups, 
of which 1103 were up-regulated in the PFCD group and 839 
were down-regulated in the PFCD group [Figure 1a]. These 
DEGs were subjected to GO analyses, covering biological 
process (BP), cellular component (CC), and molecular 
function (MF). Significant enrichment was observed in BP 
terms such as immune response, inflammatory response, and 
regulation of immune response; CC terms such as external 
side of plasma membrane, cell periphery, and extracellular 

Figure  2: qPCR and HE staining reveal the expression of TRAF5 in PFCD and EMT. (a-c) qPCR 
detection of TRAF5, NF-κB, and IL-13 mRNA expression levels. (d and e) HE staining depicting 
the pathological morphology of each group (×200) (scale bar = 50 μm). ***P < 0.001, n = 3. TRAF5: 
Tumor necrosis factor receptor-associated factor 5, NF-κB: Nuclear factor kappa B, IL-13: Interleukin 
13, PFCD: Perianal fistulizing Crohn’s disease, HE: Hematoxylin and eosin, qPCR: Quantitative 
polymerase chain reaction, EMT: Epithelial–mesenchymal transition.
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space; and MF terms such as transmembrane signaling 
receptor activity, TNF receptor binding, and chemokine 
activity [Figure  1b]. KEGG analyses revealed the significant 
enrichment of DEGs in several pathways, including cytokine–
cytokine receptor interaction, viral protein interaction 
with cytokine and cytokine receptor, chemokine signaling 
pathway, toxoplasmosis, and TNF signaling pathway 
[Figure 1c]. KEGG enrichment results revealed that the TNF 
signaling pathway was significantly enriched and involved 
in the development of PFCD. Therefore, we focused on the 
DEGs in the TNF signaling pathway. TRAF5, the DEG of this 
pathway, was significantly up-regulated in the disease group, 
contributing to disease progression. Li et al.[19] suggested that 
mice with TRAF5 deficient are highly susceptible to colitis, 
although the exact underlying mechanism remains unclear. 
On the basis of present and previous findings, TRAF5 was 
selected for subsequent exploration.

Increased levels of TRAF5 and EMT in PFCD

Compared with the control group, the PFCD group exhibited 
significantly elevated mRNA expression levels of TRAF5, 

nuclear factor-kappa B (NF-κB), and IL-13 [Figure  2a-c] 
(P < 0.001). HE staining revealed that the control group 
displayed normal tissue architecture, mature and evenly 
distributed fibroblasts, minimal tissue hemorrhage, and 
mild inflammatory cell infiltration [Figure  2d]. The PFCD 
group exhibited disordered tissue architecture, decreased 
fibroblast numbers, prominent tissue hemorrhage, extensive 
inflammatory cell infiltration, and visible fat vacuoles 
[Figure 2e].

Immunohistochemical staining revealed cytoplasmic 
positivity for TRAF5, which was more pronounced in 
the PFCD group than in the control group [Figure 3a-c]. 
E-cadherin was positively expressed at the cell membrane, 
and e-calmodulin expression was significantly lower in the 
PFCD group than in the control group [Figure 3d-f]. SNAIL1 
was positively expressed in the nucleus and cytoplasm, with 
greater levels observed in the PFCD group [Figure  3g-i]. 
Vimentin exhibited cytoplasmic positivity and a modest 
increase in the PFCD group relative to that in the control 
group [Figure 3j-l].

Figure  3: Immunohistochemistry was used to detect the expression levels of TRAF5, E-cadherin, SNAIL1, and vimentin (×400) in each 
group (scale bar = 50 μm). (a-b, d-e, g-h, and j-k) Immunohistochemical staining of the intestine; (c, f, i, and l) TRAF5, E-cadherin, SNAIL1 
and vimentin protein expression levels, ***P < 0.001. E-cadherin: Epithelial cadherin, SNAIL1: Snail family transcriptional repressor 1, 
VIM: Vimentin, TRAF5: Tumor necrosis factor receptor-associated factor 5.
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Knockdown of TRAF5 may inhibit EMT

Transcriptomic sequencing revealed that TRAF5 was present 
in the TNF signaling pathway and was highly expressed in 
PFCD. Therefore, we interfered with TRAF5 to explore its 
molecular mechanism. CCK-8 results showed a significant 
increase in proliferative capacity in the TGF-β1 and TGF-β1 
+ shNC groups compared with that in the control group 
(P < 0.001). Meanwhile, the proliferative capacity in the 
TGF-β1 + shTRAF5 group was lower than those in the 
TGF-β1 and TGF-β1 + shNC groups [Figure 4a] (P < 0.001). 
Transwell assays were conducted to detect cell migration, 
revealing a similar trend [Figure 4b and c] (P < 0.001). qPCR 
analysis showed a significant upregulation of TRAF5, NF-
κB, and IL-13 mRNA expression levels in the TGF-β1 and 

TGF-β1 + shNC groups (P < 0.001) compared with those in 
the control group. However, the TGF-β1 + shTRAF5 group 
exhibited significantly decreased mRNA expression levels of 
TRAF5, NF-κB, and IL-13 compared with the TGF-β1 and 
TGF-β1 + shNC groups [Figure 4d-f] (P < 0.001).

Immunohistochemical analysis revealed a notable 
upregulation of TRAF5, SNAIL1, and vimentin level in 
the TGF-β1 and TGF-β1 + shNC groups compared with 
those in the control group (P < 0.01). Conversely, the 
TGF-β1 + shTRAF5 group exhibited significantly reduced 
expression of these proteins compared with the TGF-β1 
and TGF-β1 + shNC groups [Figures 5a-j; 6a-e]. The trend 
of E-cadherin was the opposite [Figure  6f-j]. WB results 
were consistent with the immunohistochemistry results 

Figure 4: Cellular experiments validate the effect of TRAF5 on PFCD. (a) CCK-8 detects cell proliferation. (b and c) Transwell detects cell 
migration (scale bar = 200 μm). (d-f) qPCR detection of TRAF5, NF-κB, and IL-13 mRNA expression levels. The different letters represent 
the significance level (P < 0.05), (n = 3). TGF-β1: Transforming growth factor-beta 1, TRAF5: Tumor necrosis factor receptor-associated 
factor 5, PFCD: Perianal fistulizing Crohn’s disease, CCK-8: Cell counting kit-8, qPCR: Quantitative polymerase chain reaction, NF-κB: 
Nuclear factor-kappa B, IL-13: Interleukin 13, shNC: Short hairpin negative control.
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[Figure 7a-e]. Interfering with TRAF5 could significantly 
inhibit the increase in proliferation and migration caused by 
PFCD and inhibit EMT.

DISCUSSION

Perianal fistula formation is a prevalent benign colorectal 
condition characterized by the development of abnormal 

connections between two epithelial surfaces, typically 
linking the rectal lining to the perianal skin.[20] Individuals 
with PFCD frequently experience perianal discomfort and 
discharge of pus or fecal matter. Damage to the anal sphincter 
and perianal scarring can result in fecal incontinence,[21] 
significantly influencing the patient’s overall well-being. 
This study sought to clarify the molecular mechanisms of 
PFCD and identify potential biomarkers by performing 

Figure 5: TRAF5 and SNAIL1 protein expression levels (scale bar = 50 μm). (a-e) Immunohistochemistry was used to detect the protein 
levels of TRAF5 (×400); (f-j) Immunohistochemistry was used to detect the protein levels of SNAIL1 (×400). The different letters represent 
the significance level (P < 0.05), n = 3. TGF-β1: Transforming growth factor-beta 1, TRAF5: Tumor necrosis factor receptor-associated factor 
5, SNAIL1: Snail family transcriptional repressor 1, shNC: short hairpin negative control.
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Figure  6: Vimentin and E-cadherin protein expression levels (scale bar = 50 μm). (a-e) Immunohistochemistry was used to detect the 
protein levels of vimentin (×400); (f-j) Immunohistochemistry was used to detect the protein levels of E-cadherin (×400). The different letters 
represent the significance level (P < 0.05), n = 3. E-cadherin: Epithelial cadherin, TGF-β1: Transforming growth factor-beta 1, TRAF5: Tumor 
necrosis factor receptor-associated factor 5, shNC: short hairpin negative control.

transcriptomic sequencing analysis on fistula tissue samples 
obtained from healthy individuals and patients with PFCD 
post-surgery. The findings offered a theoretical foundation 
for creating novel therapeutic strategies against PFCD.

TRAF proteins are crucial components and mediators of 
adaptive and innate immune signaling pathways,[22] which 
often involve the activation of NF-κB.[23] TRAF5, a member 

of the TRAF family, is involved in modulating the NF-κB 
pathway.[24] Its overexpression suppresses apoptosis and 
inflammation in cardiomyocytes.[25] Although TRAF5 is 
likely involved in immune and inflammatory processes as a 
key signal transduction protein, its specific association with 
PFCD remains unclear. Further research is necessary to 
explore the potential role of TRAF5 in PFCD development. 
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In the present work, transcriptomic sequencing revealed a 
significant enrichment of the TNF signaling pathway, with 
TRAF5 identified as a DEG in this pathway. In addition, 
TRAF5 was markedly upregulated in the PFCD group, 
suggesting its potential role in promoting disease progression.

The transcription factor NF-κB is a complex composed of a 
group of similar transcriptional proteins.[26] In general, NF-
κB dimers survive in the cytoplasm of most cells as inactive 
complexes by binding to one of the three inhibitors of the 
IκB family.[27] Abnormally activated NF-κB regulates tight 
junctional function by increasing the level of myosin light 
chain kinase in intestinal epithelial cells, resulting in impaired 
intestinal mucosal barrier and increased permeability.[28] Liu 
et al.[29] found that abnormally activated NF-κB in CD4+ 
T-cells promoted the progression of colitis in mice.[30] IL-
13, a cytokine mainly produced by Th2 cells, contributes to 
immune-mediated diseases when its expression or function 
is dysregulated.[31] IL-13 is elevated in late colitis, stimulating 
macrophages to secrete TGF-β1. TGF-β1 subsequently leads 
to collagen deposition and fibrosis.[32,33] IL-13 marks the 
transition from acute inflammation to chronic inflammation, 
as its level gradually increases from the early to later stages 

of the disease.[34] Its expression is increased in the intestinal 
smooth muscles of patients with CD.[35] IL-13 is also involved 
in promoting fibrosis and tissue remodeling, which can lead 
to stenosis and fistula formation common in CD. In the 
present study, the mRNA levels of NF-κB and IL-13 were 
elevated in the PFCD group compared with those in the 
control group. Knocking down TRAF5 restored the PFCD-
induced increase in the mRNA levels of NF-κB and IL-13.

EMT refers to the process where epithelial cells separate 
from adjacent cells, penetrate the basement membrane, 
and migrate to different tissue locations through the 
extracellular matrix.[36] During EMT, epithelial cells exhibit 
morphological changes, characterized by a decrease in 
epithelial markers, such as E-cadherin, and an increase in 
mesenchymal markers, such as vimentin.[37] E-cadherin, a 
crucial cell adhesion molecule, is essential for preserving 
the integrity of epithelial cells and the overall structure 
of tissues.[38] In patients with CD and ulcerative colitis, 
E-cadherin levels are frequently diminished, which 
impacts the maintenance of the intestinal epithelial lining’s 
mechanical stability.[39] SNAIL1 is a transcription factor that 
inhibits E-cadherin expression and induces EMT[40] and is 

Figure 7: (a-e) WB was used to detect the protein levels of TRAF5, E-cadherin, SNAIL1, and vimentin. The different letters represent the 
significance level (P < 0.05), n = 3. SNAIL1: Snail family transcriptional repressor 1, TRAF5: Tumor necrosis factor receptor-associated 
factor 5, WB: Western blot, TGF-β1: Transforming growth factor-beta 1, GAPDH: Glyceraldehyde-3-phosphate dehydrogenase, shNC: Short 
hairpin negative control.
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notably upregulated in transitional cells associated with 
perianal fistulas in CD.[41] Recent studies have highlighted 
the notch1/Snail1/E-cadherin pathway as a key regulator 
of EMT in various diseases.[42] Vimentin, an intermediate 
fibrin, is a marker of interstitial cells and a protein associated 
with various pathophysiological disorders.[43] The expression 
of vimentin is elevated in CD,[44] indicating the presence of 
an active EMT. This study observed significant increases in 
TRAF5, SNAIL, and vimentin levels and a notable decrease 
in E-cadherin in the PFCD group, suggesting enhanced 
EMT. However, TRAF5 knockdown effectively mitigated the 
EMT induced by PFCD.

Although this study has provided insights into the molecular 
mechanisms of PFCD through transcriptomic sequencing, 
it still has limitations. First, the clinical sample size is 
small. Additional clinical samples must be included for 
future analysis to improve the accuracy of the experiment. 
Meanwhile, the verification experiments were carried out at 
the cellular level. Further verification in animals or clinics is 
required in the future.

This study demonstrated that the development of PFCD was 
related to EMT. TRAF5, the key gene of PFCD, was identified 
through transcriptomic analysis. Knocking down TRAF5 
suppressed cell proliferation and migration, reduced NF-κB 
and IL-13 levels, and inhibited EMT, suggesting that TRAF5 
may regulate the development of PFCD through EMT. 
These insights into the molecular mechanisms deepened our 
understanding of PFCD and provided supportive evidence 
for potential therapeutic targets. Studies focusing on EMT 
might help improve clinical outcomes in patients with CD.

SUMMARY

This study identified TRAF5 as a critical regulator in 
the pathogenesis of PFCD, with transcriptomic analysis 
highlighting its significant upregulation in PFCD tissues. 
TRAF5’s role in promoting EMT was demonstrated through 
its impact on cell proliferation and migration and the 
expression of key inflammatory markers NF-κB and IL-13. 
TRAF5 contributed to disease progression by enhancing 
EMT, which is implicated in PFCD development. Knocking 
down TRAF5 effectively mitigated these effects, suggesting 
TRAF5 as a potential therapeutic target. These insights 
advanced our understanding of PFCD mechanisms and 
opened avenues for novel therapeutic strategies targeting 
TRAF5 to improve patient outcomes. Further validation 
in large clinical samples and animal models is needed to 
confirm these findings and explore their clinical applicability.
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ABBREVIATIONS

CD:  Crohn’s disease
PFCD:  Perianal fistulizing crohn’s disease
TRAF5:  Tumor necrosis factor receptor-associated factor 5
NF-κB:  Nuclear factor-kappa B
IL-13:  Interleukin 13
qPCR:  Quantitative polymerase chain reaction
HE:  Hematoxylin and eosin
SNAIL1:  Snail family transcriptional repressor 1
HT-29:  Human tumor-29
EMT:  Epithelial–mesenchymal transition
TGF-β:  Transforming growth factor-β
TNF-α:  Tumor necrosis factor-α
TCs:  Transitional cells
DEGs:  Differentially expressed genes
FDR:  False discovery rate
log2FC:  Log2 fold change
GO:  Gene ontology
KEGG:  Kyoto Encyclopedia of Genes and Genomes
DMEM:  Dulbecco’s modified eagle medium
CCK-8:  Cell counting kit-8
PBS:  Phosphate-buffered saline
DAB:  3,3ʹ-diaminobenzidine
WB:  Western blot
PVDF:  Polyvinylidene difluoride
BP:  Biological process
CC:  Cellular component
MF:  Molecular function
M:  Man
W:  Woman
WBC:  White blood cell
HGB:  Hemoglobin
PLT:  Platelet
AST:  Glutamic oxaloacetic transaminase
ALT:  Glutamic-pyruvic transaminase.
GAPDH:  Glyceraldehyde-3-Phosphate Dehydrogenase
Cadherin:  Epithelial Cadherin
VIM:  Vimentin
mRNA:  messenger ribonucleic acid
FPKM:  Fragments Per Kilobase of transcript per Million 
mapped reads
shRNA:  short hairpin ribonucleic acid
shTRAF5:  short hairpin TRAF5
shNC:  short hairpin negative control
RNA:  ribonucleic acid
cDNA:  complementary deoxyribonucleic acid
RIPA:  Radio immunoprecipitation Assay
HRP:  Horseradish Peroxidase
ECL:  Enhanced Chemiluminescence
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