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inflammatory bowel Introduction: Inflammatory bowel disease (IBD), which mainly leads to diarrhea, fatigue, stool
disease; blood, abdominal pain, and cramping, is threatening public health. Tripartite motif-containing

NF-kB; 52 (TRIM52) has been reported to play an important role in inflammatory responses via acti-

pyroptosis; vating the toll-like receptor 4 (TLR4)/nuclear factor-kB (NF-kB) pathway. However, the causes

TLR4; of IBD need to be elucidated, and the function of TRIM52 in IBD remains unclear. Here, we

TRIM52 demonstrated that TRIM52 aggravated inflammation and pyroptosis in dextran sulfate sodium

(DSS)-induced IBD by activating TLR4/NF-kBs pathway.

Methods: The colitis model was established on mice through DSS induction. For the TRIM52 knock-
down, the mice were infected with a recombinant adenoviral vector expressing sgRNAs target-
ing TRIM52. RT-gPCR, western blot, and immunohistochemistry were performed to verify TRIM52
expression in DSS-induced IBD. The body weight, disease activity index, colon length, and H&E
staining were used to assess the IBD symptoms in mice with TRIM52 knockdown. The inflammatory
responses were examined by RT-gPCR and ELISA measuring tumor necrosis factor-a (TNF-a), inter-
leukin 6 (IL-6), and interleukin 18 (IL-18). Furthermore, the pyroptosis in colon tissue was detected
by western blot. Finally, the TLR4/NF-kBs pathway activity was also examined by western blot.
Results: TRIM52 expression was up-regulated in DSS-induced IBD, and knockdown of TRIM52
could alleviate the symptoms of IBD. TRIM52 knockdown retarded DSS-induced inflammatory
response and inhibited DSS-induced pyroptosis in colon tissue. In addition, TRIM52 played a role
in activating TLR4/NF-kBs pathway.

Conclusion: Knockdown of TRIM52 alleviated inflammation and pyroptosis in IBD by regulating
TLR4/NF-kBs pathway. TRIM52 is expected to be a novel diagnostic indicator for IBD and a tar-
get of therapeutic treatment.
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Introduction

Inflammatory bowel disease (IBD) is a common chronic
inflammatory gastrointestinal disorder that includes ulcer-
ative colitis and Crohn’s disease. IBD symptoms mainly
include weight loss, abdominal pain, chronic diarrhea, and
colon shortening in length. Although the causes of IBD need
to be elucidated, its pathogenesis has been reported to be
related to irregular immune responses, gut microbiota, and
genetic and environmental factors.'?

Pyroptosis is one kind of programmed cell death depen-
dent on caspase-1 characterized by the cleavage and trans-
location of Gasdermin D (GSDMD) and the rapid rupture of
the plasma membrane, resulting in the release of cytokines
to activate pro-inflammatory immune cell mediators, includ-
ing interleukin 18 (IL-18) and IL-18.3* In IBD, however, pyrop-
tosis promotes increased intestinal epithelial cell death and
disrupts the intestinal barrier, resulting in increased intes-
tinal permeability.>® Therefore, inhibiting the pyroptosis of
intestinal epithelial cells can alleviate the symptoms of IBD.

Tripartite motifs (TRIMs) are an ancient family of
proteins that play major roles in respective cellular pro-
cesses. As members of the RING-type ubiquitin E3 ligase,
the TRIM family proteins have been extensively studied to
exert functions in regulating the nuclear factor-kB (NF-Kb)
signal pathway.” Tripartite motif-containing 52 (TRIM52),
as a member of the TRIM protein, also plays an important
role in immune responses. For example, TRIM52 silencing
reduces the lipopolysaccharide (LPS)-induced inflammatory
response of human periodontal ligament cells by inhibit-
ing the activation of the toll-like receptor 4 (TLR4)/NF-kB
signaling pathway, providing an effective therapeutic tar-
get for periodontitis.® The levels of TRIM52 and NF-kB
are increased in benign prostatic hyperplasia (BPH) tis-
sues, while TRIM52 knockdown inhibits the proliferation of
BPH-1 cells and reduces the promoter activity at the NF-kB
region.” TRIM52 activates the NF-kB signaling pathway by
promoting the ubiquitination of IkBa protein, thereby pro-
moting LPS-induced microglia activation and increasing
neuroinflammation.”® In addition, TRIM52 plays a vital role
in regulating tumors as well. Overexpression of TRIM52 can
promote the proliferation of colon cancer cells and inhibit
apoptosis.'

Given the reported functions of TRIM52 in inflamma-
tion and immune responses, we investigated the function
of TRIM52 in IBD. Firstly, TRIM52 expression was measured
in dextran sulfate sodium (DSS)-induced IBD. And the symp-
toms and inflammatory response were evaluated in TRIM52
knockdown mice. Furthermore, the pyroptosis and TLR4/
NF-kBs pathway activity were studied in the colon tissue
of TRIM52 knockdown mice. These data demonstrated that
TRIM52 aggravated inflammation and pyroptosis reaction in
IBD by regulating TLR4/NF-kBs pathway.

Materials and Methods
Animals

Wild-type C57BL/6 mice and Cas9 transgenic mice were pur-
chased from SLAC experimental animal center (Changsha,

China). All animal procedures were approved by the Animal
Care and Use Committee of Xian Yang Central Hospital.

For the DSS-induced colitis model, the mice were sub-
jected to 4 cycles of DSS induction, including 7 days with
1.5% DSS in drinking water, followed by normal drinking
water during a 10-day recovery period. Mice received nor-
mal drinking water for 4 weeks after the last DSS cycle.”
The sham group animals were administered distilled water.
Each group contains six mice.

Twelve DSS-induced mice or 12 sham mice were ran-
domly divided into the Ad-shNC group and Ad-shTRIM52
group. To generate TRIM52 knockdown mice, two sgRNAs
were designed as follows: CAGCTGCCCGCAATGCCGA
(sgRNAT) and GCCACCAGTACCATCGGTT (sgRNA2) using an
online platform (http://crispr.dfci.harvard.edu/SSC/)."® To
generate TRIM52 knockdown mice, the recombinant ade-
noviral vector expressing sgRNAs targeting TRIM52 was
used to infect Cas9 transgenic mice. Approximately 1x 10"
genome copies of adenovirus were injected via the tail
vein for adenovirus transduction. The TRIM52 expression
was examined by western blot in these transgenic mice.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated using TRIzol reagent (Cat No.
15596026, Invitrogen, USA) following the protocol. The RNA
concentration was quantitated by Nanodrop 2000 spectro-
photometer. The reverse transcription was conducted with
500 ng RNA by Prime Script RT Reagent Kit (Takara, Dalian,
China). Bio-Rad real-time PCR system was used to do gRT-
PCR with iTag™ Universal SYBR® Green Supermix (Cat No.
1725121, Bio-Rad Laboratories Inc., Hercules, CA, USA).
The PCR procedures contain 95°C for 5 min for one cycle,
followed by 95°C for 30 s, and 60°C for 45 s for 40 cycles.
The transcription of target genes was determined by 24T,
and the relative transcription was normalized to the B-actin
level. The PCR primer sequences are listed in Table 1.

Western blot

The lysates of colon tissue were electrophoresed on an
SDS-PAGE gel, transferred into a polyvinylidene fluoride

Table 1 Primers for RT-qPCR.

Target gene Sequence (5°-3’)

TRIM52 GCCATCTGCTTGGATTACTTC
TTCATCTTCCTCCTCGTTCTG

TNF-a CCCAGGCAGTCAGATCATCTTC
AGCTGCCCCTCAGCTTGA

IL-6 GGTACATCCTCGACGGCATCT
GTGCCTCTTTGCTGCTTTCAC

IL-1B AACAGGCTGCTCTGGGATTC
AGTCATCCTCATTGCCACTGT

B-actin GTCTGCCTTGGTAGTGGATAATG

TCGAGGACGCCCTATCATGG
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membrane, and then processed for immunoblot with pri-
mary antibodies listed in Table 2. The membranes were
then incubated with the secondary antibodies named
HRP-conjugated goat anti-mouse or anti-rabbit IgG as
the secondary antibodies (Cat No. SA00001-1, SA00001-2,
ProteinTech Group; 1:5000) and finally visualized
with Immun-Star AP Chemiluminescence Kits (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). For the western
blot signal, the relative intensity of each band was mea-
sured by ImageJ software, and the relative expression level
was normalized to B-actin levels."

Immunohistochemistry (IHC) analysis

The colon tissues were fixed by formalin, embedded
with paraffin, and then cut into 5 pm thick sections.
0.01 M citrate sodium buffer (pH 6.0) was used in anti-
gen retrieval at 100°C for 10 min. Endogenous peroxidase
and non-specific binding were blocked with 0.3% H,0,,
and 10% bovine serum albumin, respectively. Then,
the sections were incubated with primary antibody
against TRIM52 overnight at 4°C. After washing three
times, the incubation with anti-rabbit 1gG was performed
for 1 h at room temperature. Finally, the sections were
developed in DAB substrate and counterstained with
hematoxylin."”

H&E staining

For histological analysis, the colon tissues were dissected
and fixed with 10% formalin at 4°C overnight and embed-
ded into paraffin. The fixed tissues were cut into 5 mm
thick sections, placed on glass slides and. Sections were
deparaffinized on slides and stained with hematoxylin and
eosin (HE). Finally, the sections were observed under a
light microscope.'

Table 2 Antibodies information.

Assessment of disease activity index (DAI)

For disease activity index, the body weight, stool con-
sistence, and blood in the stool were assessed according
to grading system published previously.” The weight loss
score contains: no loss, score 0; 1-5% loss, score 1; 5-10%
loss, score 2; 10-20% loss, score 3; >20% loss, score 4.
Diarrhea grading includes: normal, score 0; loose stools,
score 2; watery diarrhea, score 4. Blood in stool was scored
as follows: no bleeding, score 0; slight bleeding, score 2;
gross bleeding, score 4. The total DAI score, ranging from 0
(normal) to 12 (severe colitis), represents the assessment of
disease severity.

Enzyme-linked immunosorbent assay

The concentrations of tumor necrosis factor-a (TNF-a),
interleukin 6 (IL-6), and IL-18 in the supernatants were
determined by related ELISA Kit (ab208348, ab222503,
ab100704, Abcam, Cambridge, MA, USA) according to man-
ufacturer’s instructions. Briefly, 100 yl sample was incu-
bated 2 h in ELISA well, after being washed five times,
100 pl detected antibody was added and incubated for 1
h. Each well was washed five times and incubated with
100 pl enzyme working reagent for 30 min. Then each well
was washed for five times and incubated with 100 ul TMB
reagent for 30 min. Finally, the reaction was terminated by
50 pl stop solution. The absorbance value was read at 450
nm, wavelength correction at 570 nm.

Statistical Analysis
All experiments for quantification and statistical analysis

were repeated at least three times. The data analysis was
performed using the SPSS 22.0 statistical software. The data

Protein Cat. No. Manufacturer Dilution
TRIM52 sc-135589 Santa Cruz Biotechnology, USA 1:1000
B-actin ab8227 Abcam, Cambridge, MA, USA 1:1000
NLRP3 D4d8T Cell Signaling Technology, MA, USA 1:1000
ASC sc-271054 Santa Cruz Biotechnology, USA 1:500

GSDMD-N Ab209845 Abcam, Cambridge, MA, USA 1:1000
caspase 1 D7F10 Cell Signaling Technology, MA, USA 1:1000
IL-18 D3U3E Cell Signaling Technology, MA, USA 1:1000
IL-18 ab207323 Abcam, Cambridge, MA, USA 1:1000
TLR4 143855 Cell Signaling Technology, MA, USA 1:1000
MyD88 ab219413 Abcam, Cambridge, MA, USA 1:1000
P65 NF-kB ab32536 Abcam, Cambridge, MA, USA 1:1000
phospho-P65 NF-kB 3033S Cell Signaling Technology, MA, USA 1:1000
IkBa CST4814 Cell Signaling Technology, MA, USA 1:1000
phospho-IkBa 9246S Cell Signaling Technology, MA, USA 1:1000
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Results

TRIM52 expression was up-regulated in
DSS-induced IBD

To examine TRIM52 expression in DSS-induced IBD, the
mMRNA level was firstly measured using RT-qPCR, and the
results revealed that the TRIM52 transcription was ele-
vated approximately three times in DSS-induced group
than that in sham group (Figure 1A). Meanwhile, the pro-
tein level of TRIM52 was detected by western blot, and the
data investigated that TRIM52 was significantly increased
in DSS-induced mice (Figure 1B). Furthermore, IHC stain-
ing was performed in colon tissues of these mice. In DSS-
induced mice, the TRIM52 positive signal was much more
than in sham mice (Figure 1C). Thus, TRIM52 expression
was increased in DSS-induced IBD.

Knockdown of TRIM52 alleviated DSS-induced IBD
symptoms

To study the function of TRIM52 in IBD, we established
TRIM52 knockdown mice using recombinant adenovirus
inserted with shRNA to TRIM52 (AD-shTRIM52). The TRIM52
expression was confirmed by western blot in TRIM52
knockdown mice. Specifically, TRIM52 expression with
AD-shTRIM52 injection was decreased than with Ad-shNC.
The DSS induction could up-regulate TRIM52 expression,

vilZ3 o s g{\‘; N = .“’ =
Figure 1 TRIM52 expression was up-regulated in DSS-induced IBD. RT-gPCR was performed to examine TRIM52 transcription (A).

The protein level of TRIM52 was measured by western blot (B). IHC staining was performed to detect the TRIM52 expression in
colon tissues (C).

however, the TRIM52 gene knockdown by AD-shTRIM52 also
declined significantly TRIM52 protein level than that by
Ad-shNC (Figure 2A). Next, we observed the body weight of
mice with DSS-induced IBD. During the first 7 days in DSS-
induced mice, the body weight decreased because of IBD.
The TRIM52 knockdown by AD-shTRIM52 could attenuate the
loss of body weight (Figure 2B). Disease activity index was
used to assess the severity of IBD. As shown in Figure 2C,
DSS could induced severe disease in DSS+Ad-shNC group,
but TRIM52 knockdown by AD-shTRIM52 alleviated the dis-
ease symptoms to a large extent (Figure 2C). Moreover, the
length of colon was shortened in DSS-induced mice than in
sham mice. In DSS-induced mice, TRIM52 knockdown could
recover some length of colon (Figure 2D). Finally, HE stain-
ing of colon indicated that the tissue structure and cytol-
ogy of the control group were normal, and no inflammatory
reaction was observed. However, DSS treatment resulted
in severe diffuse destruction of the colonic epithelial layer
with extensive inflammatory cell infiltration of the epi-
thelium and lamina propria. Compared with DSS+ Ad-shNC
group, the mucosal infiltration of inflammatory cells and
tissues was significantly reduced in DSS plus TRIM52 knock-
down group (Figure 2E). Together, TRIM52 knockdown could
alleviate DSS-induced IBD symptoms.

Knockdown of TRIM52 inhibited DSS-induced
inflammatory response

To study the function of TRIM52 in DSS-induced inflam-
matory response, we examined the expression of typical
cytokines in inflammatory response including TNF-a, IL-6,
and IL-18. The RT-qPCR results showed the transcription
of these cytokines were up-regulated significantly in DSS-
induced mice than in sham mice. Meanwhile, in DSS-induced
groups, TRIM52 knockdown could decline the mRNA level of
TNF-q, IL-6, and IL-1B8 (Figure 3A). In addition, the enzyme-
linked immunosorbent assay was performed to measure
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Figure 2 TRIM52 knockdown alleviated DSS-induced IBD symptoms. The TRIM52 expression was confirmed by western blot in
TRIM52 knockdown mice (A). The body weight of mice with TRIM52 knockdown in DSS-induced IBD (B). The disease activity index
was used to assess the severity of IBD (C). The loss of colon length was alleviated by TRIM52 knockdown in DSS-induced IBD (D).
HE staining of the colon to investigate TRIM52 effect on tissue structure, cytology, and inflammatory reaction (E).
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Figure 3 TRIM52 knockdown inhibited DSS-induced inflammatory response. RT-qPCR was performed to examine the transcription
of TNF-a, IL-6, and IL-18 in DSS-induced inflammatory response (A). Enzyme-linked immunosorbent assay was performed to
measure the protein level of TNF-q, IL-6, and IL-18 in DSS-induced inflammatory response (B).
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Figure 4 TRIM52 knockdown inhibited DSS-induced pyroptosis in colon tissue. Western blot was performed to examine the
expression level of NLRP3, ASC, GSDMD-N, caspase-1, IL-18, and IL-18. The results revealed that DSS treatment could induce
pyroptosis in colon tissue, and the DSS-induced pyroptosis could be alleviated by TRIM52 knockdown.

the protein level of these cytokines. The data demon-
strated that the protein level of TNF-q, IL-6, and IL-1B were
also elevated in DSS-induced inflammatory, and the TRIM52
knockdown in DSS-treated mice alleviated the inflamma-
tory response indicated by TNF-qa, IL-6, and IL-18 expression
level (Figure 3B). Therefore, TRIM52 knockdown retarded
DSS-induced inflammatory response.

Knockdown of TRIM52 inhibited DSS-induced
pyroptosis in colon tissue

To clarify whether TRIM52 affects DSS-induced pyroptosis in
colon tissue, western blot was performed to examined the
expression level of NLRP3, ASC, GSDMD-N, caspase-1, IL-1B,
IL-18 of which was normalized B-actin level. The results
revealed that DSS treatment could induce pyroptosis in
colon tissue which was supported by elevated expression of

NLRP3, ASC, GSDMD-N, caspase-1, IL-18, IL-18 in DSS+Ad-shNC
compared to sham+Ad-shNC or DSS+Ad-shTRIM52 compared
to sham+Ad-shTRIM52. In addition, the DSS-induced pyropto-
sis could be alleviated by TRIM52 knockdown as a declined
expression of NLRP3, ASC, GSDMD-N, caspase-1, IL-18, IL-18
in DSS+Ad-shTRIM52 compared to DSS+Ad-shNC (Figure 4).
The results above demonstrated that TRIM52 knockdown
inhibited DSS-induced pyroptosis in colon tissue.

TRIM52 promoted TLR4/NF-kBs pathway activity

TRIM52 has been reported to regulate the TLR4/NF-kB
pathway; here, we investigated the role of TRIM52 in DSS-
induced regulation of the TLR4/NF-kB pathway. Western
blot was used to examine the expression of TLR4, MyD88,
phosphorated P65 NF-kB, phosphorated-lkBa, and IkBa.
Specifically, in sham mice, TRIM52 knockdown decreased
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Figure 5 TRIM52 promoted TLR4/NF-kBs pathway activity. Western blot was used to examine the expression of TLR4, MyD88,
phosphorated P65 NF-kB, phosphorated-IkBa and IkBa. DSS treatment could activate TLR4/NF-kBs pathway in colon tissue, and
the DSS-induced activation of the TLR4/NF-kBs pathway could be weakened by TRIM52 knockdown.

the expression of TLR4, MyD88, phosphorated P65 NF-kB,
and phosphorated-IkBa but increased IkBa expression. DSS
treatment could activate TLR4/NF-kBs pathway in colon
tissue, which was demonstrated by elevated expression of
TLR4, MyD88, phosphorated P65 NF-kB, phosphorated-IkBa
in DSS+Ad-shNC compared to sham+Ad-shNC or DSS+Ad-
shTRIM52 compared to sham+Ad-shTRIM52. In addition, the
DSS-induced activation of the TLR4/NF-kBs pathway could
be weakened by TRIM52 knockdown because of declined
expression of TLR4, MyD88, phosphorated P65 NF-kB,
phosphorated-lkBa, and increased expression of IkBa in
DSS+Ad-shTRIM52 compared to DSS+Ad-shNC (Figure 5).
The data together revealed TRIM52 knockdown weakened
TLR4/NF-kBs pathway activity, indicating that TRIM52
played a role in activating TLR4/NF-kBs pathway.

Discussion

IBD, a worldwide healthcare problem, has been increas-
ing in incidence recently. TRIM52 has also been reported

playing an important role in inflammatory responses
including activation of TLR4/NF-kB signaling pathway.? To
explore whether TRIM52 regulates inflammatory response
in DSS-induced IBD, we measured the expression level of
TIRM52 in DSS-induced mice. The increased expression of
TRIM52 provided us a clue that TIRM52 most likely exerted
functions in IBD. To be further, the knockdown of TRIM52
weakened the LPS-induced inflammatory response via
inhibiting TLR4/NF-kB signaling pathway.® Overexpression
of TRIM52 promoted the proliferation of colon cancer cells
and retarded cell apoptosis.'" Thus, it would be promising
that TRIM52 expression is upregulated in IBD.

Next, we examined the TRIM52 role in inflamma-
tory response, and found TRIM52 silencing inhibited DSS-
induced inflammatory response. It was reported that M1
macrophages could be induced by pathogen-associated
molecular patterns, such as LPS or IFNy, producing a
series of cytokines including IL-18, TNF-a, IL-6 to aggra-
vate inflammation.”® TRIM52 knockdown weakened the
LPS-induced inflammatory response via inhibiting TLR4/
NF-kB signaling pathway.® So, it is reasonable that TRIM52
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expression positively regulated inflammatory response in
DSS-induced mice.

Pyroptosis mainly activated by NLRP3 inflammasome
and caspases is a major cause of inflammatory disorders.
NLRP3 and CAS1, the hallmarks of pyroptosis, were increas-
ingly expressed in periodontal disease compared to healthy
tissue.”?° It was reported that NLRP3/caspase-1/GSDMD-
mediated pyroptosis exerts a crucial role in astrocyte path-
ological injury in mouse model of depression.?' In vascular
endothelial cells, pyroptosis could be caused by NLRP3/cas-
pase-1/GSDMD and caspase-3/GSDME pathways which were
promoted by histone deacetylase 11 (HDAC11).22 And pyrop-
tosis could be induced by cisplatin via activating MEG3/
NLRP3/caspase-1/GSDMD pathway in triple-negative breast
cancer.” In our study, we examined the pyroptosis in
TRIM52 knockdown mice through measuring the expression
level of NLRP3, ASC, GSDMD-N, and caspase-1. The final
results showed TRIM52 knockdown inhibited DSS-induced
pyroptosis in colon tissue.

The IBD are thought to originate from dysregulation of
innate and adaptive immune systems, resulting in abnor-
mal inflammatory response to commensal bacteria.? The
diarrhea-predominant irritable bowel syndrome could be
alleviated by momordica charantia polysaccharides which
regulated intestinal inflammation and barrier via NF-kB
pathway.? It has been reported that TRIM52 expression was
positively correlated with NF-kB expression. TRIM52 silenc-
ing decreased the promoter activity of NF-kB, and the
NF-kB inhibitor, pyrrolidine dithiocarbamate (PDTC), inhib-
ited NF-kB promoter activity.” TRIM52 knockdown allevi-
ated LPS-induced inflammatory injury through TLR4/NF-kB
pathway.? In this study, we also investigated the TLR4 and
key molecules in NF-kBs pathway. Similarly, TRIM52 knock-
down weakened TLR4/NF-kBs pathway activity, show-
ing that TRIM52 played a role in activating TLR4/NF-kBs
pathway.

In this study, we revealed that TRIM52 expression
was up-regulated in DSS-induced IBD. Moreover, TRIM52
promoted inflammatory response and pyroptosis in DSS-
induced IBD by promoting the activity of TLR4/NF-kBs
pathway. While further studies remain to be conducted,
including molecular mechanism of inflammatory response
and pyroptosis, the regulation pathways of overexpression
of TRIM52. More detailed data would promote TRIM52 as a
novel diagnostic indicator for IBD, and make it as a poten-
tial target for developing novel therapeutic treatment.
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