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Abstract. Ulcerative colitis (UC) is a common chronic recur‑
rent inflammatory disease, which seriously threatens human 
life and health. Therefore, the present study aimed to explore 
the role of tripartite motif‑containing (TRIM)22 in UC and its 
potential mechanism. C57BL/6 mice and HT‑29 cell models of 
UC were constructed using 2% dextran sulphate sodium (DSS). 
The protein and mRNA expression levels were detected by 
western blotting and reverse transcription‑quantitative PCR, 
respectively. Cell transfection was performed to overexpress 
Kruppel‑like factor 2 (KLF2), or knockdown KLF2, TRIM22 
and TRIM30 expression. The levels of inflammatory factors 
were evaluated by enzyme‑linked immunosorbent assays. Cell 
Counting Kit‑8 and TUNEL staining assay were employed to 
assess cell viability and apoptosis. Dual‑luciferase reporter 
assay and chromatin immunoprecipitation assay were 
performed to determine the binding ability of the TRIM22 
promoter to KLF2. The results revealed that DSS increased 
the expression levels of TRIM22 in HT‑29 cells and TRIM30 
in mice. Short hairpin RNA (sh)‑TRIM30 could inhibit the 
NF‑κB pathway, and reduce the levels of TNF‑α, IL‑6 and 
IFN‑γ. Furthermore, KLF2 expression was downregulated 
in the cell model of UC, and the luciferase assay confirmed 
that the 3' untranslated region of TRIM22 was a direct target 
of KLF2. The ChIP assay also verified the binding of KLF2 
with the TRIM22 promoter. Notably, knockdown of KLF2 
reversed the enhancing effects of sh‑TRIM22 on the viability 
of DSS‑treated HT‑29 cells. In addition, compared with in 
the DSS + sh‑TRIM22 group, the protein expression levels of 
phosphorylated (p)‑NF‑κB and p‑IκBα were increased in the 
DSS + sh‑TRIM22 + sh‑KLF2 group, as were the levels of 

TNF‑α, IL‑6 and IFN‑γ. In conclusion, TRIM22 was upregu‑
lated in DSS‑induced HT‑29 cells. TRIM22 knockdown 
increased DSS‑induced HT‑29 cell viability and decreased 
apoptosis and inflammation; this was reversed by knockdown 
of KLF2. These findings suggested that TRIM22 may promote 
disease development through the NF‑κB signaling pathway in 
UC and could be inhibited by KLF2 transcription.

Introduction

Ulcerative colitis (UC) is a chronic nonspecific inflammatory 
bowel disease (1), the typical clinical symptoms of which are 
abdominal pain and diarrhea, which may contain mucus or 
blood (2). During the early stages, UC begins in the rectum, 
and in the subsequent stages it can extend to the proximal end 
of the colon or even the whole colon in a continuous manner, 
becoming a lifelong recurrent disease with a high risk of devel‑
oping into colorectal cancer (3,4). Worldwide, the incidence of 
UC is increasing annually (5). Therefore, UC is considered one 
of the main diseases threatening human life and health, and 
the study of its potential pathogenesis is of great importance 
for the development of therapeutic drugs with new targets.

It has previously been reported that various genes and 
proteins are involved in the regulation of the progression of 
UC. For example, the UC‑related gene RNF186 has been 
shown to maintain intestinal homeostasis by controlling 
endoplasmic reticulum stress in colonic epithelial cells (6). In 
addition, epithelial IL‑18 equilibrium can control barrier func‑
tion in colitis (7), and anti‑TNF‑α therapy could effectively 
treat UC (8). Therefore, the discovery of different molecular 
targeted therapies may provide a basis for the development 
of personalized treatment strategies to improve the treatment 
of patients with UC. As a subfamily of the RING type E3 
ubiquitin ligases, the tripartite motif‑containing (TRIM)22 
protein is emerging as a key regulator in the development of 
various diseases by modulating transcriptional activity of the 
NF‑κB pathway (9,10). Previous studies have reported that 
knockdown of TRIM22 could reduce cerebral ischemia/reper‑
fusion‑induced inflammation and apoptosis by inhibiting the 
NF‑κB/NLRP3 axis  (11), and could regulate macrophage 
autophagy via the NF‑κB/Beclin 1 pathway (10). Notably, it 
has been demonstrated that functional variation of TRIM22 
is related to inflammatory bowel disease (12) and may serve a 
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carcinogenic role in colon cancer (13). It should be noted that 
TRIM30 is the murine ortholog of TRIM22 (14). Therefore, 
the present study hypothesized that TRIM22 or TRIM30 
may have a certain regulatory role in UC. The present study 
focused on the role and potential mechanism of TRIM30 and 
TRIM22 in DSS‑induced UC mouse and HT‑29 cell models, 
respectively.

Bioinformatics analysis has been widely used to explore 
the molecular mechanisms of various diseases (15,16), and 
may contribute to the identification of novel biomarkers to 
improve diagnostic and prognostic strategies for UC. KLF2 
has been reported to be downregulated in UC, as determined 
by clinical information analysis, and may be closely related 
to inflammatory factors (17). KLF2 has also been shown to 
serve a regulatory role in acute lung injury as a transcription 
suppressor of HSPH1 (18). Therefore, it was hypothesized 
that TRIM22 might be inhibited by KLF2 transcription and 
may have a role in promoting disease development in UC. 
The present study investigated the effects of TRIM22 or 
TRIM30 on DSS‑induced UC in vivo and in vitro, as well as 
the underlying mechanisms.

Materials and methods

Cell culture and establishment of an in vitro model of UC. 
The human colorectal cancer cell line HT‑29, which was veri‑
fied by STR profiling, was obtained from Wuhan Procell Life 
Science & Technology Co., Ltd. The cells were cultured in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.). 100  U/ml penicillin and 100  µg/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in 5% CO2. 
Subsequently, once HT‑29 cells reached the logarithmic phase, 
they were inoculated into sterile 6‑well plates at a density of 
1x105 cells/well and DSS (MilliporeSigma) was dissolved 
in sterile water. When cell confluence reached ~80%, cells 
were treated with 2% DSS or sterile water for 24 h at 37˚C to 
establish an in vitro cell model of UC.

Bioinformatics analysis. The National Center for 
Biotechnology Information Gene Expression Omnibus 
(https://www.ncbi.nlm.nih.gov/geo/) is a free public data‑
base of microarray/gene profiles, which was used to obtain 
the GSE59071 (19) and GSE107597 (20) in UC and normal 
tissue gene expression profiles (21). GEO2R (ncbi.nlm.nih.
gov/geo/geo2r/) was used for data preprocessing and analyzing 
the expression of TRIM22 in the UC (n=6) and control (n=6) 
groups (GSE59071: 97 UC and 11 control samples; GSE107597: 
6 UC samples and 4 control samples). Furthermore, the UCSC 
database (http://genome.ucsc.edu/) and JASPAR database 
(http://jaspar.genereg.net/) were used to predict transcriptional 
binding sites of KLF2 to the TRIM22 promoter.

Cell transfection. Cells (1x105 cells/well) were seeded into 6‑well 
plates and cultured for 24 h at 37˚C with 5% CO2. The pGPH1 
vector carrying short hairpin (sh)RNA plasmids (sh‑TRIM30‑1; 
5'‑CAG​TAT​AGA​AGT​TAC​AAT​A‑3' and sh‑TRIM30‑2; 
5'‑GGT​GAA​TAT​CTG​TGC​ACA​A‑3'), a sh‑TRIM22 plasmid 
(5'‑GGA​AGA​TGA​CAT​CAG​ACA​A‑3'), a sh‑KLF2‑1 plasmid 
(5'‑GCA​CCG​ACG​ACG​ACC​TCA​A‑3') and sh‑KLF2‑2 

plasmid (5'‑GAA​GCG​CGG​CCG​CCG​CTC​TTG‑3'), a nega‑
tive control (NC) shRNA plasmid (sh‑NC), pCDNA3.1 vector 
targeting KLF2 (Oe‑KLF2) and an empty NC vector (Oe‑NC) 
were all purchased from Shanghai GenePharma Co., Ltd. and 
were dissolved in sterile phosphate‑buffered saline (PBS; 
Beyotime Institute of Biotechnology). Briefly, 70 µl of this 
solution was gently mixed with 30 µl Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) and incubated at 
room temperature for 20 min to form the complex, according 
to the manufacturer's protocol. Subsequently, HT‑29 cells were 
seeded in sterile 6‑well plates (1x106 cells/well) at 37˚C and 
when cell confluence reached ~60%, 200 nM of the complex 
was transfected into cells. Following transfection for 24 h, 
DSS was added and cells were incubated for 24 h as aforemen‑
tioned. Each experiment was performed in triplicate.

TUNEL staining assay. Apoptosis was detected using a 
TUNEL kit (MilliporeSigma) at 37˚C for 60 min. Cells were 
washed with PBS and fixed with 40 µl 4% paraformaldehyde 
for 15 min at room temperature. The cells were then permea‑
bilized in 0.3% Triton X‑100/PBS for 10 min, followed by two 
washes with PBS. After washing, 3% H2O2 was added to inhibit 
endogenous peroxide and 3,3‑diaminobenzidine was added 
to induce color generation at room temperature for 5 min, 
according to the manufacturer's instructions. 0.5 µg/ml DAPI 
(Beyotime) was adopted to stain the nuclear for 5 min at room 
temperature. Antifade Mounting Medium was used to seal 
the cells. Images of the cells randomly selected from 5 fields 
of view were captured under an Olympus BX51 fluorescence 
microscope (Olympus Corporation; magnification, x200).

Animal model. A total of 20 C57BL/6 mice (male; age, 6 weeks; 
weight, 20‑22 g) were purchased from the Medical Comparative 
Center of Yangzhou University (Yangzhou, China) and were 
maintained under the following conditions: 55±15% humidity; 
26±2˚C; 12‑h light/dark cycle; with ad libitum access to food 
and water. The animal experiments performed in the present 
study were approved by the Ethics Committee of Suzhou 
Hospital Affiliated to Nanjing Medical University (Suzhou, 
China). All operations and experimental procedures complied 
with the Animal Management Regulations of the Ministry of 
Health (22).

sh‑TRIM30 or sh‑NC was dissolved in sterile PBS and 
mixed with Lipofectamine 3000 to form the complex as 
aforementioned. Mice were randomly assigned into the 
following four groups (n=5 mice/group): Group I (control), 
mice were given normal drinking water; Group II [dextran 
sulphate sodium (DSS)], mice were administered drinking 
water containing  2% of DSS for 1  week; Group  III 
(DSS  +  sh‑NC), mice were administered 200  µl sh‑NC 
mixture by tail vein injection twice per week for 1 week 
and were then given drinking water containing 2% DSS for 
1 week; Group IV (DSS + sh‑TRIM30), mice were adminis‑
tered 200 µl sh‑TRIM30 mixture by tail vein injection twice 
per week for 1 week and were then given drinking water 
containing 2% DSS for 1 week. The body weights of the 
mice were recorded daily and disease activity index (DAI) 
was determined by an investigator blinded to the protocol by 
scoring the extent of body weight loss, stool hemoccult posi‑
tivity or gross bleeding, and stool consistency in accordance 



Molecular Medicine REPORTS  26:  249,  2022 3

with the method described by Kihara et al (23). DAI was 
calculated as follows: DAI=(weight loss score + stool charac‑
ters score + bleeding score)/3 (24). Subsequently, mice were 
administered 150 mg/kg sodium pentobarbital intraperitone‑
ally to halt their breathing and cardiac arrest was confirmed. 
The colon was then dissected, photographed, measured for 
length. Then, colon tissue was embedded and then cut into 
4 µm thick slices, fixed in 4% paraformaldehyde for 15 min 
at room temperature, before being stained with hematoxylin 
for 10 min and eosin for 2 min at room temperature. The 
tissue was observed under an Olympus BX40 light micro‑
scope (Olympus Corporation).

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was 
carried out to evaluate cell viability. Briefly, the transfected 
cells were inoculated into 96‑well plates at a density of 
2x103 cells/well, and when cell confluence reached 70‑80%, 
2% DSS or a moderate amount of sterile water was added and 
incubated at 37˚C for 24 h. Subsequently, 10 µl CCK‑8 solution 
(Phygene Scientific) was added to each well and the cells were 
cultured for another 2 h at 37˚C. The absorbance in each well 
was measured at a wavelength of 450 nm using a microplate 
reader (BioTek Instruments, Inc.).

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA (~860  ng/µl) was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) with a 
purity of A260/A280 ~1.8, according to the manufacturer's 
instructions. cDNA was synthesized using the QuantiTect 
Reverse Transcription kit (Qiagen GmbH) according to the 
kit's operating procedures. Subsequently, RT‑qPCR was 
performed on an ABI  7500  Real‑Time PCR instrument 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) using 
the SYBR Green PCR kit (Takara Bio, Inc.), according to the 
manufacturer's protocol. The reaction system was as follows: 
95˚C for 10 min; followed by 40 cycles at 95˚C for 10 sec and 
60˚C for 60 sec and final extension at 72˚C for 60 sec. The 
following primers (GenScript) were used for qPCR: TRIM22, 
forward 5'‑CCG​CCT​GGA​AGA​TCG​AGA​G‑3' and reverse 
5'‑CTG​CCA​GGT​TAT​CCA​GCA​CA‑3'; TRIM30, forward 
5'‑CTC​CCA​AGA​GGA​CCA​GCA​C‑3' and reverse 5'‑ACT​
CCT​CAC​ACT​GCA​GAG​CA‑3'; KLF2, forward 5'‑ACT​CAC​
ACC​TGC​AGC​TAC​GC‑3' and reverse 5'‑AGT​GGT​AGG​GCT​
TCT​CAC​CTG​T‑3'; GAPDH (applicable species: human), 
forward 5'‑GTA​GAG​CGG​CCG​CCA​TGT‑3' and reverse 
5'‑GCC​CAA​TAC​GAC​CAA​ATC​AGA​GAA‑3'; and GAPDH 
(applicable species: mouse), forward 5'‑ACC​CTT​AAG​AGG​
GAT​GCTGC‑3' and reverse 5'‑CCC​AAT​ACG​GCC​AAA​
TCC​GT‑3'. mRNA expression levels were quantified using 
the 2‑ΔΔCq method (25) and normalized to the internal refer‑
ence gene GAPDH. Each sample was tested in triplicate and 
average values were obtained.

Western blot analysis. Cells in each group were collected 
and RIPA lysis buffer (cat. no. P0013C; Beyotime Institute of 
Biotechnology) was used to extract total protein. The protein 
concentration was determined using a BCA protein assay 
kit (cat. no. P0012S; Beyotime Institute of Biotechnology). 
Protein samples (20 µg) were separated by 10% SDS‑PAGE 
and then transferred to PVDF membranes soaked in 

methanol and blocked with 5% bovine serum albumin 
(Shanghai Rebiosci Biotech Co., Ltd) at room temperature 
for 30  min. The membranes were then incubated with 
primary antibodies against TRIM22 (cat. no.  ab68071; 
1:1,000 dilution; Abcam), TRIM30 (cat. no.  ab76972; 
1:1,000 dilution; Abcam), NF‑κB (cat. no. ab32536; 1:1,000 
dilution; Abcam), IκBα (cat. no. 9242S; 1:1,000 dilution; 
Cell Signaling Technology, Inc.), phosphorylated (p)‑NF‑κB 
(cat. no. ab239882; 1:1,000 dilution; Abcam), p‑IκBα (cat. 
no.  2859S; 1:1,000 dilution; Cell Signaling Technology, 
Inc.), KLF2 (cat. no. ab236507; 1:2,000 dilution; Abcam) 
and GAPDH (cat. no. ab181602; 1:10,000 dilution; Abcam) 
at 4˚C overnight. Subsequently, membranes were incubated 
with horseradish peroxidase‑conjugated secondary anti‑
bodies (cat. no. 7074, 1:5,000; cat. no. 7076, 1:3,000; both 
Cell Signaling Technology, Inc.) at room temperature for 2 h. 
Following the addition of ECL solution (Shanghai Yeasen 
Biotechnology Co., Ltd.), the protein bands were visual‑
ized with a gel imager (C150; Azure Biosystems, Inc.). The 
gray value of the protein bands was analyzed using ImageJ 
(v1.51; National Institutes of Health) and the relative protein 
expression levels were calculated.

Dual‑luciferase reporter assay. HT‑29 cells were inoculated 
in a 24‑well plate with 1.0x105 cells/well. Once the cell conflu‑
ence reached 80%, luciferase activity was detected according 
to the instructions of a dual‑luciferase reporter gene assay kit 
(cat. no. ab228530; Abcam). In brief, the pGL3‑KLF2 or pGL3 
vector (Promega Corporation) was co‑transfected into HT‑29 
cells together with a luciferase reporter plasmid containing 
TRIM22 promoter, or mutated TRIM22 promoter using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) in 24‑well plates for 24 h, the culture supernatant was 
discarded, the cells were collected and gently rinsed three times 
with PBS. Subsequently, 120 µl cell lysis buffer was added to 
each well of 24‑well plates and the plates were agitated on a 
horizontal oscillator for 45 min at 110 rpm. Fully lysed cell 
mixture (10 µl) was added to a 1.5 ml microplate well and 
50 µl firefly luciferase reagent was added and mixed. Within 
10 min, Stop/Glo sealin luciferase reagent (50 µl) was then 
added, quickly mixed and luciferase activity was measured. 
Firefly Luc/Renilla Luc values were recorded and the TRIM22 
promoter transfer activity was analyzed and normalized to 
Renilla luciferase activity. Each group was set up with three 
multiple wells, and each experiment was repeated three times.

Enzyme‑linked immunosorbent assays (ELISAs). The levels 
of TNF‑α (cat. no. PT518), IL‑6 (cat. no. P1330) and IFN‑γ 
(cat. no. P1511) in HT‑29 cells were quantified using ELISA 
kits (Beyotime Institute of Biotechnology) according to the 
manufacturer's instructions.

Chromatin immunoprecipitation (ChIP) assay. Total genomic 
DNA was isolated and sonicated using the EZChip™ Kit 
(cat. no. 17‑371, MilliporeSigma) according to the manufac‑
turer's protocol. Cell (4x106 cells/well) were lysed in 400 µl 
SDS Lysis Buffer (Beyotime Institute of Biotechnology) and 
then 800 µl cells lysate was sonicated on ice (4.5 sec impact, 
9  sec per interval, 14  times in total) and the fragmented 
DNA was visualized on an agarose gel. Anti‑THAP11 (1 µg) 
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Figure 1. TIRM30 is upregulated in DSS‑induced ulcerative colitis in mice. (A and B) GEO2R analysis was used to predict the expression levels of TRIM22 
in the intestinal tissues of patients with ulcerative colitis. ***P<0.001 vs. Normal. (C) Western blot analysis and (D) reverse transcription‑quantitative PCR 
were performed to detect the expression levels of TRIM30 in DSS‑treated mice. ***P<0.001 vs. Control. DSS, dextran sulphate sodium; TRIM, tripartite 
motif‑containing.

Figure 2. Knockdown of TRIM30 alleviates intestinal injury in a mouse model of DSS‑induced ulcerative colitis. (A) Reverse transcription‑quantitative PCR 
was used to detect the mRNA expression levels of TRIM30 in liver tissue. Effects of TRIM30 knockdown on (B) body weight, (C) DAI score and (D) colon 
length of DSS‑treated mice. (E) H&E staining was performed to detect intestinal tissue injury in mice. ***P<0.001 vs. Control; #P<0.05, ##P<0.01 and ###P<0.001 
vs. DSS + sh‑NC. DAI, disease activity index; DSS, dextran sulphate sodium; NC, negative control; sh, short hairpin; TRIM, tripartite motif‑containing.
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(cat. no. sc‑517366, Santa Cruz Biotechnology, Inc.) or IgG 
secondary antibodies (Anti‑mouse IgG (AS003), ABclonal 
Technology Co., Ltd.) were added to interact with the target 
protein‑DNA complex. For chromatin isolation, the sample 
was centrifuged again at 15,000 x g for 10 min at 4˚C to 
remove insoluble material and 10X ChIP dilution buffer (cat. 
no. abs50034‑22T, Absin Biotechnology Co., Ltd.) was added 
to the collected supernatant. The sample was pre‑cleared 
with protein G‑agarose beads at 4˚C for 1 h with mixing. The 
samples were centrifuged at 700 x g for 1 min at 4˚C. After 
boiling, the immunological chromatin samples were amplified 
by PCR as aforementioned.

Statistical analysis. Data were plotted with GraphPad 
Prism  8.0 software (GraphPad Software, Inc.). Data are 
presented as the mean ± standard deviation from ≥3 inde‑
pendent experiments. Unpaired Student's t‑test was used for 
comparisons between two groups, and one‑way ANOVA 
followed by Tukey's post hoc test was used for comparisons 
among multiple groups. The non‑parametric Kruskal‑Wallis 
test was used to analyze the DAI, followed by Dunn's multiple 
comparison test. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

TRIM30 is upregulated in DSS‑induced UC in mice. Firstly, 
GEO2R analysis was performed on the UC‑related datasets 
GSE59071 (11 control samples, 74 UC samples) and GSE107597 
(44 control samples, 75 UC samples); the results revealed that 
TRIM22 was upregulated in the intestinal tissues of patients 
with UC (Fig. 1A and B). Subsequently, a mouse model of UC 
was constructed by induction with 2% DSS, and the expres‑
sion levels of TRIM30 in DSS‑treated mice were detected by 
western blotting and RT‑qPCR. The results showed that the 
expression levels of TRIM30 were significantly increased in 
DSS‑treated mice compared with those in mice given normal 
drinking water (Fig. 1C and D).

Knockdown of TRIM30 alleviates intestinal injury in 
DSS‑induced UC in mice. To further explore the role of 
TRIM30 in UC, sh‑TRIM30 was constructed and the knock‑
down efficiency was verified by RT‑qPCR. Compared with 
sh‑TRIM30‑1, the knockdown efficiency of the sh‑TRIM30‑2 
plasmid was higher (Fig. 2A); therefore, sh‑TRIM30‑2 was 
selected for the subsequent experiments. After 1 week of 
2% DSS treatment, the body weight of the DSS group was 

Figure 3. Knockdown of TRIM30 inhibits NF‑κB signaling and alleviates inflammation in a mouse model of DSS‑induced ulcerative colitis. (A) Expression 
levels of NF‑κB pathway‑related proteins (p‑NF‑κB NF‑κB, IκBα and p‑IκBα) were detected by western blotting. ELISA was used to detect the levels of 
(B) TNF‑α, (C) IL‑6 and (D) IFN‑γ. ***P<0.001 vs. Control; ##P<0.01 and ###P<0.001 vs. DSS + sh‑NC. DSS, dextran sulphate sodium; NC, negative control; 
p, phosphorylated; sh, short hairpin; TRIM, tripartite motif‑containing.
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significantly lower than that of the mice given normal drinking 
water (Fig. 2B), DAI scores were higher than those of the 
control group (Fig. 2C) and mice in the DSS group had a short‑
ened colon length with tissue damage (Fig. 2D and E). Notably, 
knockdown of TRIM30 effectively alleviated the aforemen‑
tioned inflammatory damage, as evidenced by increased body 
weight, decreased DAI score, longer colon length and reduced 
colon tissue damage.

Knockdown of TRIM30 inhibits NF‑κB signaling and 
alleviates inflammation of DSS‑induced UC in mice. To 
verify whether TRIM30 served a pro‑inflammatory role 
through the NF‑κB signaling pathway, the expression 
levels of NF‑κB‑related proteins were detected by western 
blotting. Compared with mice in the normal drinking 
water group, the protein expression levels of p‑NF‑κB and 
p‑IκBα were significantly increased in DSS‑treated mice, 

Figure 4. TRIM22 is inhibited by KLF2 transcription in a HT‑29 cell model of DSS‑induced ulcerative colitis. (A) Western blot analysis and (B) RT‑qPCR 
were used to detect the expression levels of TRIM22 and KLF2 in DSS‑treated HT‑29 cells. mRNA expression levels of (C) KLF2 or (D) TRIM22 in 
DSS‑treated HT‑29 cells transfected with sh‑KLF2 or Oe‑KLF2, as determined by RT‑qPCR. (E) UCSC and (F) JASPAR databases were used to predict 
the binding site of KLF2 to the TRIM22 promoter. (G) Relative luciferase activity of TRIM22 promoter was detected by luciferase reporter gene assay. 
(H) Chromatin immunoprecipitation was further used to detect the binding ability of KLF2 to TRIM22. *P<0.05, **P<0.01 and ***P<0.001 vs. Control; ##P<0.01 
and ###P<0.001 vs. Oe‑NC. DSS, dextran sulphate sodium; KLF2, Kruppel‑like factor 2; Mut, mutant; NC, negative control; Oe, overexpression; RT‑qPCR, 
reverse transcription‑quantitative PCR; sh, short hairpin; TRIM, tripartite motif‑containing; WT, wild‑type.
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which was prevented by knockdown of TRIM30 (Fig. 3A). 
In addition, the levels of inf lammation‑related factors 
(TNF‑α, IL‑6 and IFN‑γ) were examined by ELISA. As 
shown in Fig. 3B‑D, DSS induced an increase in TNF‑α, 
IL‑6 and IFN‑γ levels in mice, by contrast, the levels of 
inflammation‑related factors were significantly decreased 
following TRIM30 knockdown, effectively alleviating the 
inflammatory response in mice.

TRIM22 is inhibited by KLF2 in DSS‑induced UC in HT‑29 
cells. Firstly, the expression levels of TRIM22 and KLF2 were 
detected in DSS‑treated HT‑29 cells by western blotting and 
RT‑qPCR. Compared with in the control group, the mRNA and 
protein expression levels of TRIM22 were significantly upregu‑
lated in DSS‑induced HT‑29 cells, whereas the expression levels 
of KLF2 were significantly downregulated (Fig. 4A and B). 
Subsequently, an overexpression vector and a knockdown 

Figure 5. Knockdown of KLF2 reverses the enhancing effects of sh‑TRIM22 on viability in DSS‑treated HT‑29 cells. (A) mRNA expression levels of TRIM22 
in HT‑29 cells was detected by reverse transcription‑quantitative PCR. ***P<0.001 vs. sh‑NC. (B and C) TUNEL staining and (D) Cell Counting Kit‑8 assay were 
used to determine the effects of KLF2 and TRIM22 knockdown on apoptosis and viability of DSS‑treated HT‑29 cells. ***P<0.001 vs. DSS + sh‑NC; ##P<0.01 
and ###P<0.001 vs. DSS + sh‑TRIM22. DSS, dextran sulphate sodium; KLF2, Kruppel‑like factor 2; NC, negative control; sh, short hairpin; TRIM, tripartite 
motif‑containing.
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vector of KLF2 were constructed, and transfection efficiency 
was detected by RT‑qPCR. The results revealed that following 
transfection with oe‑KLF2 and sh‑KLF2‑1/2, the expression 
levels of KLF2 were significantly increased or decreased, 
respectively (Fig. 4C). sh‑KLF2‑2 had a better transfection effect 
than sh‑KLF2‑1, and was selected for the next experiments. 
Subsequently, the expression levels of TRIM22 were detected 
and it was revealed that after knockdown of KLF2, the expres‑
sion levels of TRIM22 were significantly promoted. By contrast, 
following overexpression of KLF2, the expression levels of 
TRIM22 were significantly inhibited (Fig. 4D), indicating that 
TRIM22 was possibly inhibited by KLF2 transcription. The 
present study therefore aimed to further explore the relationship 
between TRIM22 and KLF2. The results obtained from UCSC 
and JASPAR databases implicated that KLF2 could bind to the 
TRIM22 promoter sequence (Fig. 4E and F). Luciferase activity 
assay results demonstrated that overexpression of KLF2 signifi‑
cantly inhibited the luciferase activity of the TRIM22‑wild‑type 
reporter plasmid, but had no effect on the luciferase activity of 
the TRIM22‑mutant reporter plasmid (Fig. 4G). Furthermore, 
the CHIP assay demonstrated that KLF2 could bind the 
TRIM22 promoter (Fig. 4H). Therefore, these results indicated 
that KLF2 could bind to the TRIM22 promoter to inhibit the 
expression of TRIM22.

Knockdown of KLF2 reverses the effects of sh‑TRIM22 on 
viability, NF‑κB signaling and inflammation in DSS‑treated 
HT‑29 cells. The present study evaluated the effect of the 
relationship between KLF2 and TRIM22 on UC. RT‑qPCR 
assay demonstrated that the expression levels of TRIM22 
were significantly decreased in HT‑29 cells post‑transfection 
with sh‑TRIM22 (Fig. 5A). Subsequently, TUNEL staining 
and CCK‑8 were used to assess the apoptosis and viability 
of cells. The results revealed that TRIM22 knockdown could 
significantly inhibit DSS‑induced apoptosis and viability; 
however, this effect was reversed by further interference with 
KLF2 (Fig. 5B‑D). As previously reported, sh‑TRIM22 mark‑
edly inhibited the expression levels of NF‑κB pathway‑related 
proteins and inflammation‑related factors (Fig. 3A and B). 
Notably, the present study interfered with KLF2 in vitro and 
demonstrated that sh‑KLF2 reversed the inhibitory effect of 
sh‑TRIM22 on the levels of NF‑κB signaling pathway proteins 
(Fig. 6A) and inflammatory factors (Fig. 6B‑D) in DSS‑treated 
HT‑29 cells.

Discussion

UC is a chronic non‑specific inflammatory bowel disease, 
which mainly occurs in the intestinal mucosa and 

Figure 6. Knockdown of KLF2 reverses the inhibitory effects of sh‑TRIM22 on NF‑κB signaling and inflammation in DSS‑treated HT‑29 cells. (A) Expression 
levels of NF‑κB pathway‑related proteins (p‑NF‑κB NF‑κB, IκBα and p‑IκBα) were detected by western blotting. ELISA was used to detect the levels of 
(B) TNF‑α, (C) IL‑6, and (D) IFN‑γ. ***P<0.001 vs. DSS + sh‑NC; #P<0.05, ##P<0.01 and ###P<0.001 vs. DSS + sh‑TRIM22. DSS, dextran sulphate sodium; 
KLF2, Kruppel‑like factor 2; NC, negative control; p, phosphorylated; sh, short hairpin; TRIM, tripartite motif‑containing.
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submucosa  (1). UC is characterized by long‑term disease, 
recurrence and the risk of cancer, which seriously affects 
the quality of life of patients (3,26). In recent years, evidence 
has suggested that variations in TRIM22 expression may be 
related to inflammatory bowel disease (27). Overexpression of 
TRIM22 has been shown to inhibit the growth of monocytes, 
whereas downregulation of TRIM22 could protect neurons 
against oxygen‑glucose deprivation/re‑oxygenation‑induced 
apoptosis and inflammation (11). The present study revealed 
that TRIM30 was upregulated in an in vivo model of UC and 
knockdown of TRIM30 alleviated DSS‑induced intestinal 
injury in mice with UC.

The NF‑κB pathway has long been considered a typical 
pro‑inflammatory signaling pathway (28). It has been reported 
that TRIM22 may be used as a potential activator of the 
NF‑κB signaling pathway (29). Notably, TRIM22 has been 
shown to activate the NF‑κB signaling pathway by increasing 
degradation of the NF‑κB inhibitor IκBα (29). Kang et al (11) 
revealed that knocking down TRIM22 alleviated inflamma‑
tion and apoptosis induced by cerebral ischemia‑reperfusion 
by inhibiting the NF‑κB/NLRP3 axis. Therefore, the present 
study examined the expression levels of NF‑κB pathway‑asso‑
ciated proteins and inflammatory factors in a model of UC. 
The results indicated that knockdown of TRIM30 significantly 
inhibited NF‑κB signaling and alleviated DSS‑induced intes‑
tinal inflammation in mice with UC, which was consistent 
with the findings of Kang et al (11), suggesting that TRIM30 
may induce inflammation through activation of the NF‑κB 
pathway.

The present study also assessed the mechanism underlying 
the effects of TRIM22 on UC and it was revealed that KLF2, as 
the upstream transcription factor of TRIM22, could effectively 
bind to the TRIM22 promoter sequence according to bioinfor‑
matics analysis. This finding was confirmed by dual‑luciferase 
reporter assay and ChIP. Since TRIM22 induced inflamma‑
tion by activating NF‑κB, given the association of KLF2 with 
TRIM22 promoter binding, it is hypothesized that KLF2 also 
regulates inflammation, which is consistent with previous 
studies on the regulatory role of KLF2 in various inflamma‑
tory diseases (17,30). According to the results of a previous 
study, KLF2 could serve a regulatory role in acute lung injury 
as a transcription inhibitor of HSPH1 (18). In addition, simvas‑
tatin has been reported to upregulate the expression of KLF2 
in vascular endothelial cells susceptible to atherosclerosis and 
relieve vascular inflammation (31). These results indicated that 
KLF2 and TRIM22 may have opposite regulatory roles in UC; 
therefore, the cells were co‑transfected with sh‑TRIM22 and 
sh‑KLF2. Notably, KLF2 knockdown inhibited cell viability, 
promoted apoptosis, and enhanced NF‑κB signaling and 
inflammation in DSS‑treated HT‑29 cells transfected with 
sh‑TRIM22. These results indicated that TRIM22 may have a 
role in promoting disease progression by activating the NF‑κB 
signaling pathway in UC but could be inhibited by its upstream 
transcription factor KLF2.

In conclusion, DSS significantly increased the expres‑
sion levels of TRIM22 in HT‑29 cells and TRIM30 in mice, 
whereas KLF2 knockdown reversed the inhibitory effect of 
TRIM22 on viability and the enhancing effects of TRIM22 
on inflammation in DSS‑treated HT‑29 cells. These results 
suggested that TRIM22 and KLF2 may be potential targets for 

the treatment of UC, and also provided information that may 
improve the understanding of the pathogenesis of UC.
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