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Abstract

Background: Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer and has an
extremely poor prognosis. We aimed to determine the latent relationships between TRIM36 regulation of apoptosis
and the Wnt/(3-catenin pathway in HCC.

Methods: Immunohistochemistry and western blotting were used to characterize the aberrant expression of TRIM36
in HCC and adjacent tissues. Clinical information was analyzed using Kaplan—Meier and Cox methods. RNA-seq of
potential targets was conducted to detect the regulation of TRIM36. Apoptosis assays and cellular proliferation, inva-
sion and migration were conducted in a loss- and gain-of-function manner in cultured cells to determine the biologi-
cal functions of TRIM36. A rescue experiment was conducted to confirm the role of Wnt/B-catenin signaling in TRIM36
regulation. Finally, in vivo experiments were conducted using cell line-derived xenografts in nude mice to validate the
central role of TRIM36 in HCC.

Results: TRIM36 expression was significantly downregulated in HCC tissues compared to adjacent non-tumor tissues.
TRIM36 repressed the proliferation, migration, and invasion of Huh7 and HCCLM3 cells, whereas it stimulated apop-
tosis. Wnt/B-catenin signaling was inhibited by TRIM36, and rescue experiments highlighted its importance in HCC
proliferation, migration, and invasion. In vivo experiments further confirmed the effects of sh-TRIM36 on HCC tumori-
genesis, inhibition of apoptosis, and promotion of Wnt/f3-catenin signaling.

Conclusion: Our study is the first to indicate that TRIM36 acts as a tumor suppressor in HCC. TRIM36 activates apop-
tosis and inhibits cellular proliferation, invasion, and migration via the Wnt/{3-catenin pathway, which may serve as an
important biomarker and promising therapeutic target for HCC.
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Background

Hepatocellular carcinoma (HCC) is the most common
type of primary hepatic malignancy. It accounts for
approximately 850,000 deaths annually worldwide [1, 2].
Despite significant progress in research and treatment,
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by diagnosis at advanced stages, malignant growth, and
early metastasis [3—5]. Recently, with an understanding
of the mechanisms and risk factors (such as hepatitis B
virus) underlying cirrhosis, multiple genomic and epi-
genomic alterations have been identified in HCC [4, 6,
7]. Rebouissou et al. distinguished driver genes in HCC,
including those involved in telomere maintenance, P53/
cell-cycle regulation, AKT/mTOR, MAP kinase, epige-
netic factors, oxidative stress, and the Wnt/B-catenin
pathway [3]. However, the complex connections and
multistep processes involved in HCC are still important
conundrums needed to dissect, providing novel biomark-
ers and therapeutic targets.

Wnt/B-catenin signaling plays a pivotal role in hepatic
development and homeostasis, including hepatoblast
differentiation and liver zonation; correspondingly, it
contributes to the pathogenesis of liver malignancies [8,
9]. The cytoplasmic -catenin pool plays an effector role
in Wnt signaling [8, 10]. Multiple studies have revealed
a correlation between p-catenin activation and immune
escape in HCC [11, 12]. HCC is characterized by an
11-37% incidence of activating mutations in CTNNBI,
the gene coding for B-catenin, leading to its stabilization
and nuclear translocation [13, 14]. In contrast, the inac-
tivation of Wnt ligand inhibitors doubles the activation
of the Wnt/p-catenin pathway in HCC [3]. The activation
of Wnt/[-catenin signaling increases liver carcinogenesis
sensitivity, stemness, chemoresistance, tumor recurrence,
and metastasis [15].

Tripartite motif family (TRIM) proteins share a canoni-
cal RING finger, B-box, and coiled-coil (RBCC) structure
[16, 17]. The RING finger, an E3 ubiquitin ligase, often
regulates ubiquitination [18, 19]. One or two specific
C-terminal domains following the classic RBCC struc-
ture are unique to members of the TRIM family [20, 21].
This family consists of over 80 members that play roles
in multiple diseases, including viral infection, neuro-
logical diseases, and cancers [22]. It has been shown that
TRIM36 mediates multiple protein—protein interactions
in DNA repair and signal transduction, leading to the
regulation of cellular proliferation, immunity, and apop-
tosis [23, 24].

TRIM36 (also called HAPRIN) is expressed at dif-
ferent levels in diverse tissues [25]. The TRIM36 gene
is located on chromosome 5q22.3, a tumor suppres-
sor region [26, 27]. Of note, immunohistochemistry
has shown that TRIM36 has a filamentous cytoplasmic
organization. And it has been associated with microtu-
bule-binding [28]. Maternal knockdown of TRIM36 leads
to failed microtubule assembly in ventralized embryos
and Xenopus cortical rotation [29]. Similarly, the trigger-
ing of Wnt/B-catenin signaling during early embryonic
development is dependent on microtubule-dependent
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cytoplasmic localization. Notably, the microtubule-asso-
ciated protein regulator of cytokinesis 1 (PRC1) is asso-
ciated with early HCC recurrence and is a direct target
of Wnt signaling [30]. TRIM36 was found to exert a pro-
apoptotic function in prostate cancer (PC) [27], while
anti-Wnt antibodies were demonstrated to decrease
apoptosis in multiple cancers, including HCC [31, 32].
Based on these data, we further study latent relationships
between TRIM36 regulation of apoptosis and the Wnt/p-
catenin pathway for the first time, and provide a novel
biomarker and therapeutic target in HCC.

Materials and methods

Subjects

Patients admitted to the Affiliated Cancer Hospital of
Xinjiang Medical University between September 2014
and March 2021 who met the following criteria were
enrolled: (1) complete medical records, (2) post-operative
histological diagnosis of HCC, and (3) hepatectomy. The
exclusion criteria were: (1) presence of other malignan-
cies or AIDS and (2) fragmented clinical or pathological
data. Ultimately, 92 patients with HCC were enrolled.
All provided informed consent before inclusion. We
collected clinical information: age, sex, HBV infec-
tion status, cirrhosis history, AFP level before surgery,
Edmondson grade, and TNM tumor stage. We also col-
lected imaging data: tumor size (cm, length x width),
vascular invasion status, and tumor numbers. Patient
follow-up data were recorded: recurrence-free survival
(RES) (months after surgery), survival status, and overall
survival (OS) (months after surgery). Recurrence was pri-
marily assessed by imaging. RFS was defined as the time
between surgery and the date of recurrence or failure of
follow-up. OS was defined as the time between surgery
and death due to HCC or date without follow-up. All
experiments followed the ethical principles stipulated
in the 1964 Declaration of Helsinki and its subsequent
revisions. The study was approved by the Institutional
Research Ethics Committee of the Affiliated Tumor Hos-
pital of Xinjiang Medical University(K-2021024). Patient
characteristics are provided in Table 1.

Immunohistochemistry (IHC)

Sections from paraffin blocks were first dewaxed and
then boiled with citrate solution, incubated with H,O,
for 10 min, and primary antibodies against TRIM36
(1:200, Sigma, USA), cleaved caspase-3 (1:20, Sigma),
Ki-67 (1:5000, Proteintech, China), and [-catenin
(1:2000, Proteintech). After washing, secondary anti-
bodies were added. After washing, sections were stained
with diaminobenzidine solution and hematoxylin. Sec-
tions were washed, dehydrated, and sealed with neutral
balsam. Images were taken using an AXIO Vert Al (Carl
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Table 1 Correlation analysis between the clinical features and TRIM36 expression in HCC
Characteristics of patients NO.of TRIM36 level p value
patients
Low High
Age (y) 0.357
<60 70 40 30
>60 22 15 7
Gender 0.686
Male 57 35 22
Female 35 20 15
HBV infection 0.257
Absent 15 7 8
Present 77 48 29
Cirrhosis 0.637
Absent 35 22 13
Present 57 33 24
AFP level (ng/mL) 0.159
<20 25 12 13
>20 67 43 24
Tumor size (cm) <0.001
<5 37 12 25
>5 55 43 12
Vascular invasion <0.001
Absent 53 17 36
Present 39 38 1
Edmondson-Steiner grading 0.560
[+l 64 37 27
v 28 18 10
TNM tumor stage <0.001
[+l 47 11 36
41V 45 44 1

HBV hepeatitis B virus, AFP alpha fetoprotein, TNM tumor-node-metastasis, Significant values are in bold

Zeiss AG, Germany) and ZEN software at magnifications
of 100x and 200x .

Immunostaining intensity was scored as 0 to 3 (0, no
staining; 1, weak staining; 2, moderate staining; and 3,
intense staining). Stained area scores ranged from 0 to
4 (0, no staining; 1, 1-25%; 2, 26-50%; 3, 51-75%; and
4, more than 75% of tumor cells stained). The final IHC
score was calculated as staining intensity x area score.

Each slide was evaluated by two independent patholo-
gists who were blinded to the sample origin.

RNA isolation and RT-qPCR

TRIzol reagent (Thermo Fisher Scientific, Waltham,
MA, USA) was added to tissues or cells. Chloroform
was then added to the samples, followed by incubation
for 5 min at room temperature. Then, centrifugation

(See figure on next page.)

Cox analysis of OS. ***P <0.001

Fig. 1 TRIM36 expression is downregulated in HCC and correlates with poor clinical outcomes. a Western blotting analysis of TRIM36 expression in
HCC and adjacent non-tumor tissues. N =adjacent non-tumor tissues, T=HCC tissues. b Graph showing TRIM36 expression in HCC and adjacent
non-tumor tissues, p value was calculated using two-tailed paired Student’s t-test, n =20 independent repeats. ¢ Violin plot graph showing the
immunohistochemistry staining scores of TRIM36 in HCC and adjacent non-tumor tissues. P value was calculated using two-tailed paired Student’s
t-test, n=92 independent repeats. d Immunohistochemistry image showing the expression of TRIM36 in HCC and adjacent non-tumor tissues.
Scale bars, 100 pm. e Kaplan—-Meier analysis of TRIM36 (Nrgyy36.high = Nrrivzes4 = 37, Nramzs-ow = Nramzs <4 = 55) for overall survival (OS). f Kaplan-
Meier analysis of TRIM36 (Nrgyu36-nigh = Ntanzssa = 37, Nraize-iow = Nraivzs<a = 55) for recurrence-free survival (RFS). g-h Univariate and multivariate
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Fig. 1 (See legend on previous page.)
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at 12,000 g x 15 min at 4 °C was performed followed by
harvest of the aqueous phase. Isopropanol was added
next and centrifuged at 12,000 g for 10 min at 4 °C. The
precipitate was harvested, washed with 75% ethanol, air
dried, and resuspended in RNase-free water. Comple-
mentary DNA was synthesized using the Evo M-MLV RT
Kit with gDNA Clean for qPCR 1I, according to the man-
ufacturer’s instructions (Accurate Biology, China). The
cDNA was amplified using the SYBR® Green Premix Pro
Taq HS qPCR Kit (Accurate Biology, China), according to
the instruction, using pre-denaturation at 95 “C for 30 s;
amplification at 95 °C for 5 s and 60 °C for 34 s, 40 cycles;
melting at 95 °C for 15 s, 60 “C for 60 s, and 95 C for 15 s,
1 cycle. ACTB was used as an internal reference gene.
Data were collected and analyzed using a Lightcycler96
instrument and the 2724 method was used for analysis.
Primers are listed in Additional file 1: Table S1.

Protein extraction

For total protein, lysis solution with radioimmunopre-
cipitation assay (RIPA, Beyotime) lysis and 1% phenyl-
methanesulfonyl fluoride (PMSF, Beyotime) were added
to the tissues or cells on ice, and 30 min later, the lysate
was centrifuged at 15,000 rpm for 15 min, and the super-
natant was harvested. A nuclear protein, nuclear protein,
and cytoplasmic protein extraction kit (Beyotime, China)
was used to isolate nuclear proteins according to the
manufacturer’s instructions. BCA kits (Beyotime, China)
were used to measure protein concentrations. Protein
samples were boiled with 25% v/V loading buffer (Beyo-
time, China) at 100 °C for 5 min and stored at — 20 °C.

Western blotting

Proteins were separated by SDS-PAGE. After electropho-
resis, gels were cut and transferred to PVDF membranes.
Membranes were blocked with 5% w/V evaporated
milk in PBST. Diluted primary antibodies were added
and incubated overnight at 4 °C. Primary antibodies
were against TRIM36 (1:1000, Sigma), BAX (1:10,000,
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Proteintech), and BCL2 (1:2000, Proteintech), caspase-3
(1:1000, Abclone), cleaved caspase-3 (1:200, Sigma), cas-
pase-7 (1:5000, Proteintech), PARP1 (1:1000, Abclone),
MMP-9 (1:500, Proteintech), cyclin D1 (1:1500, Protein-
tech), B-catenin (1:20,000, Proteintech), active -catenin
(1:1000, Cell signaling technology), c-JUN (1:2000, pro-
teintech), Histone H3 (1:10,000, Proteintech), Actin
(1:10,000, Proteintech). Thereafter, membranes were
incubated with horseradish peroxidase-conjugated goat
anti-rabbit IgG (H+L) or HRP-goat anti-mouse IgG
(H+L) secondary antibodies (Proteintech) for 50 min at
room temperature. Chemiluminescence was measured
using Super Signal West Atto (Thermo Fisher Scientific).
Blots were imaged with Amersham Imager 600 software
and analyzed using Image]J software.

Cell culture and transfection

Human normal liver cell LO2, human hepatoma cell lines
PLC/PRF/5, Huh7, Hep-G2, HCCLM3, and MHCC-
97H were purchased from the Chinese Academy of Sci-
ences. All were cultured in DMEM supplemented with
10% fetal bovine serum (FBS), penicillin (100 U/ml), and
streptomycin (100 mg/ml) (all from Gibco) at 37 °C and
5% CO, in a cell incubator. The siRNA targeting TRIM36
and [-catenin, and the corresponding si-control were
purchased from RIB-BIO (China) and transfected into
Huh7 and HCCLMS3 cell lines using Lipofectamine 3000
(Thermo Fisher Scientific), according to the manufactur-
er’s instructions. Transfection efficiency was determined
using western blotting and qRT-PCR. The sequences are
listed in Additional file 1: Table S1. Purified Wnt ligand
WNT3a (98.68%) (Cat: HY-P70453) were purchased
from MedChemExpress (NJ, USA), and treated cells at
100 ng/mL concentration.

Lentiviral transduction

To establish stable cell lines, lentiviral vectors for
increasing TRIM36 expression levels and a vector-only
control were purchased from GENECHEM (China).

(See figure on next page.)

Fig. 2 TRIM36 represses HCC cellular proliferation, migration, and invasion. a Western blotting analysis showing TRIM36 expression level in LO2,
HCCLM3, Huh7, HepG2, PLC/PRF/5, and MHCC-97H cell lines. b Left panel of Western blotting analysis showing TRIM36 expression level in HCCLM3
and Huh? transfected with si-NC, si-TRIM36#1 or si-TRIM36#2, and right panel of Western blotting analysis showing TRIM36 expression level in
HCCLM3 and Huh7 transduced with vector or TRIM36. Bar graph showing TRIM36 expression in indicated groups. ¢ Graph showing the proliferation
ability measure by Cell counting kit-8 (CCK-8) in HCCLM3 and Huh7 cells transfected with si-NC or si-TRIM36 and HCCLM3 and Huh?7 cells
transduced with vector or TRIM36 at different timepoints (0 day, 1 day, 2 day, 3 day, 4 day, 5 day and 6 day). d colony formation images in HCCLM3
and Huh? cells transfected with si-NC or si-TRIM36 and cells transduced with vector or TRIM36. Bar graph showing colony numbers in indicated
groups. e Transwell migration and invasion assay showing the migration and invasion ability in HCCLM3 and Huh7 cells transfected with si-NC or
si-TRIM36 and cells transduced with vector or TRIM36. Bar graph showing relative migration and invasion in indicated groups. Scale bars, 100 um. P
value was calculated using two-tailed unpaired Student’s t-test within two groups, and one-way ANOVA was used among three groups, error bars
are means =+ SD, n=3 independent repeats. *P<0.05, **P < 0.01, ***P<0.001
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Lentiviral particles were transduced into HCCLM3
and Huh7 cells, followed by puromycin screening for
2 weeks. Elevated expression of TRIM36 was identified
by western blotting and qRT-PCR; only cells with sta-
bly elevated TRIM36 expression were used for further
examination.

Cell counting

Cells expressing the target gene were seeded in 96-well
plates with 100 pL complete medium. Thereafter, 10 pL
of CCK-8 reagent (Dojindo Laboratories, Japan) was
added to each well at different time points (0, 1, 2, 3,
4, 5, and 6 d), according to the manufacturer’s instruc-
tions. After incubation at 37 °C for 1 h, optical density
was measured at 450 nm.

Colony formation

HCCLM3 and Huh7 cells with desired expression pat-
terns were harvested and resuspended. Cells were
seeded at 1000/well into six-well plates for colony for-
mation. After approximately 2 weeks of culture, cells
were fixed with 4% paraformaldehyde for 30 min and
stained with 0.1% crystal violet for 20 min at room
temperature in the dark. Visible colonies (diame-
ter >0.1 mm were photographed and counted.

Migration and invasion assays

For the invasion assay, Matrigel film (Corning, USA)
was prepared before cell inoculation; a similar pro-
cedure was employed for the migration and invasion
assays. Cells with targeted gene expression were col-
lected and resuspended in serum-free medium to the
same density. Cell suspensions (200 uL) were seeded
in the upper chamber and 750 pL of medium with 10%
FBS was added to the lower chamber. Cells were cul-
tured for 48 h, fixed with formaldehyde, and stained
with 0.1% crystal violet. Cells in the upper chamber
were removed, and cells that crossed the membrane
were retained. Images were taken with an EVOS XL
Core Instrument (AMEX1000, Thermo Fisher Scien-
tific, USA) at 100x and 200x magnifications. Cells
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were counted using Image] software for five fields at
200x magnification per chamber (n=1) in triplicate.
Images are shown at 100x magnification.

TUNEL apoptosis assay

Cells expressing TRIM36 were seeded into 96-well
plates. Cells were fixed with 4% paraformaldehyde and
incubated with 0.1% Triton X-100 for 2 min. After the
addition of 50 uL. TUNEL solution per well, cells were
incubated in the dark at 37 °C for 60 min and washed
twice with PBS. Fluorescence was captured using an
AXIO Vert Al fluorescence microscope (Carl Zeiss AG,
Germany) and ZEN software at 200 x magnification.

Annexin V/PI apoptosis assay

Apoptosis was measured by annexin V/PI staining
(Thermo Fisher Scientific, USA). Cells with altered
TRIM36 expression were harvested and resuspended in
200 pL of buffer containing annexin V and propidium
iodide (PI) for 15 min at 37 °C in the dark. Staining inten-
sities were measured by flow cytometry to distinguish
between healthy, apoptotic, and dead cells. Data were
analyzed using Flow]o version 10.8.0.

RNA-Seq

TRIM36 was knocked down in Huh7 cells using siRNA
(RIB-BIO, China) in parallel with control cells with the
control siRNA. TRIzol" reagent (Thermo Fisher Scien-
tific, USA) was used to purify total RNA from cells. An
Ilumina 6000-PE150 (Illumina, USA) was used for RNA
sequencing. Data were annotated to the human genome
and differentially expressed mRNAs were analyzed using
R software.

Bioinformatics

Heatmap and volcano plots were drawn using R based on
differential gene analysis. Gene Oncology (GO) was used
to perform functional analyses of differentially expressed
genes. The Kyoto Encyclopedia of Genes and Genomes
(KEGG) was used to identify enriched pathways. Gene
set enrichment analysis (GSEA) was performed to

(See figure on next page.)

means =+ SD, n= 3 independent repeats. *P < 0.05, **P < 0.01, ***P<0.001

Fig. 4 TRIM36 promotes HCC apoptosis in a caspase-dependent manner. a TUNEL assay images in HCCLM3 and Huh7 cells transfected with si-NC
or si-TRIM36 and cells transduced with vector or TRIM36. The left blue panel representing nuclear stain, the median red panel representing TUNEL
positive cells, and the right panel demonstrating the merge of the blue and the red picture. Scale bars, 100 um. Bar graph showing the relative
TUNEL positive cells in indicated groups. b Annexin V/PI staining assay showing the healthy cells, apoptotic cells, and dead cells in HCCLM3 and
Huh7 cells transfected with si-NC or si-TRIM36 and cells transduced with vector or TRIM36. Bar graph showing the percentage of apoptosis cells in
indicated groups. ¢ Left panel of Western blotting analysis showing expression level of BAX, BCL-2, caspase-3, cleaved caspase-3, caspase-7, PARP1
in HCCLM3 and Huh?7 transfected with si-NC, si-TRIM36#1 or si-TRIM36#2, and right panel of Western blotting analysis showing TRIM36 expression
level in HCCLM3 and Huh?7 transduced with vector or TRIM36. Bar graph showing relative expression of protein in indicated groups. P value was
calculated using two-tailed unpaired Student’s t-test within two groups, and one-way ANOVA was used among three groups, error bars are
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identify significantly enriched genes using GSEA soft-
ware (Broad Institute, Cambridge, MA).

Murine xenograft model

Five-week-old BALB/c male nude mice were purchased
from the Chinese Academy of Sciences. Huh7 cells were
transduced with either lenti-sh-TRIM36 (GENECHEM)
or lenti-sh-NC (GENECHEM). Cells were suspended in
serum-free DMEM and mixed with Matrigel (Corning)
in a 1:1 ratio. Cells with lenti-sh-TRIM36 were injected
subcutaneously into the right dorsum, and cells contain-
ing lenti-sh-NC were injected into the left dorsum as
controls. Tumor width and length were measured every
3 days, and volumes were calculated according to the for-
mula V=length x width® x 0.52. Mice were euthanized
with 5% Pentobarbital and necropsied after 3 weeks.
Weights of mice and their subcutaneous masses were
recorded. Excised tissues were stored separately for dif-
ferent measurements.

Statistical analysis

For HCC patients, clinical information was recorded and
analyzed. A TRIM36 IHC score of 4+ was set as the cut-
off, as the mean score in HCC tumor samples was 3.66.
Thus, a score <4 represents a low expression level of
TRIM36 and could be used to divide patients into com-
parable groups. Differences between groups were ana-
lyzed using the Kaplan—Meier method with the log-rank
test. Cox univariate analysis was conducted for TRIM36
expression and other indicators commonly used for
clinical prognosis. Significant variables (p<0.05) were
selected for Cox multivariate analysis, with a statisti-
cally significant p-value of <0.05. At least three replicates
were performed for both in vitro and in vivo assays. Data
are presented as means =+ standard deviations. Student’s
t-test was used for comparisons between two groups.
ANOVA was used to measure the differences between
groups when they numbered three or more. All analy-
ses were performed using SPSS software (Munich, Ger-
many). Figures were generated using GraphPad Prism 8
(San Diego, CA, USA). Software used is shown in Addi-
tional file 2: Table S2.
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Results

TRIM36 expression is downregulated in HCC and correlates
with poor clinical outcomes

Western blotting showed that TRIM36 was significantly
downregulated in HCC tissues compared with para-
cancerous control tissues (Fig. 1a, b). Ninety-two HCC
patients (57 men and 35 women) were enrolled in this
study, and the expression levels of TRIM36 in HCC tis-
sues and adjacent non-tumor tissues were detected by
IHC, showed a significant downregulation in HCC tissues
(Fig. 1c, d). To assess the prognostic potential of TRIM36
expression, we performed Kaplan—Meier analyses of
post-operative patients with sufficient clinical follow-up.
The downregulation of TRIM36 correlated with worse
OS and RFS (Fig. 1e, f). Based on Cox variable analysis,
TRIM36 expression was an independent prognostic fac-
tor for both OS and RFS (Fig. 1g, h and Additional file 3:
Fig. Sla, b). Taken together, these results suggest a pos-
sible tumor suppressor role for TRIM36 in HCC.

TRIM36 represses HCC proliferation, migration,

and invasion

The effect of TRIM36 regulation on tumor properties
was assessed in both loss- and gain-of function experi-
ments. Western blotting revealed the expression lev-
els of TRIM36 in the normal control liver cell line LO2
and the liver cancer cell lines HCCLM3, Huh7, Hep G2,
PLC/PRE/5, and MHCC-97H (Fig. 2a). TRIM36 expres-
sion was higher in Huh7 cells and relatively lower in
HCCLMS3 cells than in control LO2 cells. Therefore,
Huh7 and HCCLM3 were selected for further experi-
ments, in which si-TRIM36 was transfected into both
lines, moreover, both lines were stably transduced with
an adenovirus overexpressing TRIM36. Expression levels
of TRIM36 in both lines were measured by western blot-
ting and RT-qPCR (Fig. 2b and Additional file 4: Fig. S2a,
b). Proliferation was measured using CCK-8 and colony
formation assays. As shown in Fig. 2c and d, CCK-8 and
colony formation assays identified that the proliferation
of Huh7 and HCCLMS3 cells increased with the down-
regulation of TRIM36 compared to that in the control.
In contrast, the proliferation of both lines overexpressing

(See figure on next page.)

repeats. *P<0.05, **P<0.01, ***P<0.001

Fig. 5 TRIM36 inhibits Wnt/B-catenin pathway. a, ¢ Western blotting analysis showing TRIM36 and active -catenin expression in HCC and

adjacent non-tumor tissues, p value was calculated using two-tailed paired Student’s t-test, n=4 independent repeats. b Left panel showing

the hematoxylin-eosin staining of HCC and adjacent non-tumor tissues, the remaining set showing immunohistochemistry image of TRIM36,
[B-catenin, cleaved caspase-3, and Ki-67 in HCC and adjacent non-tumor tissues. Scale bars, 100 um. The upper panel was 100 x magnification, the
lower panel was 200 x magnification. d gRT-PCR showing the expression level of c-Jun and -catenin mRNA in HCCLM3 and Huh7 transfected with
si-NG, si-TRIM36, and cells transduced with vector or TRIM36. e Western blotting analysis showing expression level of CK1, GSK3(3, p- GSK3, c-Jun

in HCCLM3 and Huh?7 cells transfected with si-NC or si-TRIM36 and cells transduced with vector or TRIM36. Bar graph showing the relative protein
expression in indicated groups. P value was calculated using two-tailed unpaired Student’s t-test, error bars are means =+ SD, n =3 independent
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TRIM36 was lower than that of the vector control. Tran-
swell invasion and migration assays (Fig. 2e) showed that
the upregulation of TRIM36 significantly repressed both
invasion and migration of Huh7 and HCCLM3 cells,
while the downregulation of TRIM36 elevated both inva-
sion and migration.

TRIM36 promotes HCC apoptosis in a caspase-dependent
manner

The versatile TRIM protein family exerts multiple cellu-
lar functions in multiple diseases. Thus, to further under-
stand the core function of TRIM36 in HCC, RNA-Seq
analysis was conducted using Huh7 cells with TRIM36
knockdown and control cells transfected with si-NC.
Heat maps and volcano plots showing differentially
expressed transcripts are shown in Fig. 3a and b. Among
these mRNAs, a statistically higher expression level of
caspase-7 mRNA was found when TRIM36 was knocked
down in Huh?7 cells. Furthermore, GO and KEGG analy-
ses revealed a close association between apoptosis and
TRIM36 (Fig. 3c). Consistent with GO and KEGG anal-
yses, GSEA of the whole transcriptome showed enrich-
ment of genes involved in apoptosis (Fig. 3d, e). As shown
in Fig. 5d, IHC revealed decreased staining for cleaved
caspase-3 in clinical HCC samples compared with that
in pan-cancerous tissue. Further experiments were
conducted in our study, firstlyy, TUNEL assays showed
increased positive Huh7 and HCCLM3 cells overexpress-
ing TRIM36 and a decreased number of TUNEL-positive
cells in Huh7 and HCCLM3 cells with TRIM36 knock-
down (Fig. 4a). Flow cytometry shown that in Huh7
and HCCLM3 cells overexpressing TRIM36, increased
numbers of apoptotic cells were observed relative to
controls. In contrast, a significantly lower extent of apop-
tosis was observed in Huh7 and HCCLM3 cells with
TRIM36 knockdown (Fig. 4b). Immunoblotting (Fig. 4c)
confirmed that caspase-3, caspase-7, and PARP1 were
upregulated by transfection with si-TRIM36, while active
(cleaved) caspase-3 were downregulated, compared to
the control cells. We also observed downregulation of the
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pro-apoptotic protein BAX and upregulation of the anti-
apoptotic protein BCL2 by transfection with si-TRIM36.
In both cell lines stably overexpressing TRIM36, the con-
verse result was observed, confirming the upregulation of
apoptosis by TRIM36.

TRIM36 regulates HCC proliferation, invasion,

and migration through Wnt/B-catenin signaling

GSEA data (Fig. 3f) confirmed the enrichment of the
Wnt/p-catenin pathway by TRIM36. Consistently, immu-
noblotting and IHC analysis in clinical HCC tissue exhib-
ited decreased expression for TRIM36 and increased
expression for active P-catenin, (B-catenin and Ki-67
compared to adjacent control tissue, further verifying
the connection between TRIM36 and the Wnt/B-catenin
pathway (Fig. 6a—c). Accordingly, we conducted a deeper
examination of the correlation between the Wnt/p-
catenin pathway and TRIM36. The results in Fig. 5 rep-
resented a elevated level of B-catenin and c-JUN in cells
transfected with si-TRIM36; in cells transfected with
overexpressed TRIM36 represented a decreased expres-
sion of B-catenin and c-JUN. The B-catenin destruction
complex—consisting of axin, glycogen synthase kinase
3B (GSK3p), adenomatous polyposis coli protein (APC),
and casein kinase I isoform-a (CKla)—phosphoryl-
ates -catenin for further proteasomal degradation, thus
exerting an important regulatory function [33, 34]. As
shown in Fig. 5, pGSK3[ expression was increased in
Huh7 and HCCLMS3 cells treated with si-TRIM36, which
might block the phosphorylation of B-catenin and con-
tribute to accumulation and nuclear translocation of
[-catenin [8, 33]; and pGSK3p expression was decreased
in Huh7 and HCCLM3 cells with overexpressed TRIM36.
Besides, the expression of GSK3p and CK1 shown no
significant differences between groups. The results con-
firmed the inhibition of TRIM36 on WNT/B-catenin
pathway, and implying the inhibition was conducted
through regulation on B-catenin expression and activity
of GSK3p.

(See figure on next page.)

TRIM36 group

Fig. 6 TRIM36 regulates cellular proliferation, invasion, and migration through the Wnt/B-catenin pathway. a Western blotting analysis showing
expression level of TRIM36, MMP9, cyclinD1, total B-catenin, total c-Jun and expression level of nuclear c-jun and nuclear 3-catenin in HCCLM3 and
Huh7 cells transfected with si-NC, si 3-catenin, si-TRIM36 and cells co-transfected with si-B-catenin and si-TRIM36. Bar graph showing the relative
protein expression in indicated groups. b Transwell migration and invasion assay showing the migration and invasion ability in HCCLM3 and

Huh?7 cells transfected with si-NC, si-TRIM36 and co-transfected with si-B-catenin and si-TRIM36. Bar graph showing migration of invasion ability in
indicated groups. Scale bars, 100 um. ¢ Graph showing the proliferation ability measure by Cell counting kit-8 (CCK-8) in HCCLM3 and Huh?7 cells
transfected with si-NG, si-TRIM36 and co-transfected with si-3-catenin and si-TRIM36 at different timepoints (0 day, 1 day, 2 day, 3 day, 4 day, 5 day
and 6 day). d Western blotting analysis showing expression level of TRIM36, active 3-catenin and c-Jun expression level in HCCLM3 and Huh7 cells
treated with control, WNT3a (100 ng/mL), TRIM36 overexpression and cells co-treated with WNT3a (100 ng/mL) and TRIM36 overexpression. Bar
graph showing the relative protein expression in indicated groups. P value was calculated using one-way ANOVA. *P < 0.05 vs NC group, **P<0.01
vs NC group, ***P<0.001 vs NC group; #P < 0.05 vs si-TRIM36 group or TRIM36, ##P < 0.01 vs si-TRIM36 group or TRIM36, ###P <0.001 vs si-TRIM36 or
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Of notes, we conducted a rescue experiment in which
Huh7 and HCCLMS3 cells were transduced with control
products, si-TRIM36, si-p-catenin, or a combination
of si-TRIM36 and si-B-catenin. The overexpression of
[B-catenin, c-Jun, nuclear B-catenin, and nuclear c-JUN
was validated in Huh7 and HCCLM3 cells transfected
with si-TRIM36, compared to those in the control
(Fig. 6a). MMP9 and cyclin-D1, two important down-
stream proteins of the Wnt/B-catenin pathway were
upregulated in Huh7 and HCCLMS3 cells transfected
with si-TRIM36 (Fig. 6a). Functionally, compared with
controls, Huh7 and HCCLMS3 cells transfected with si-
TRIM36 displayed elevated proliferation, invasion, and
migration. Importantly, the activation of the Wnt/p-
catenin pathway and cellular proliferation, invasion, and
migration by si-TRIM36 were attenuated by cotrans-
duction with si-B-catenin (Fig. 6b, c), which decreased
[-catenin, c-Jun, MMP9 and cyclin-D1 expression. Cells
co-transduced with si-B-catenin and si-TRIM36 dis-
played decreased proliferation with lower OD values and
a decreased invasion and migration (Fig. 6b, c). In deeply,
we further conducted immunoblotting assay in cells
under the treatment of Wnt3a. HCCLM3 and Huh?7 cells
were treated with control products, TRIM36, WNT3a
(100 ng/mL), or a combination of TRIM36 and WNT3a
(100 ng/mL). The down-regulation of active B-catenin
and c-Jun were detected in Huh7 and HCCLMS3 cells
transfected with TRIM36, compared to those in the con-
trol. Importantly, the inhibition of the Wnt/B-catenin
pathway were reversed by WNT3a treatment (Fig. 6d).
Data gathering together, we confirmed that TRIM36
represses proliferation, invasion, and migration by inhib-
iting the Wnt/B-catenin pathway.

Inhibition of TRIM36 in vivo promotes tumor progression

To further confirm the repressive role of TRIM36 in HCC
progression, we constructed a stable TRIM36 knockdown
Huh7 cell line. Cells transfected with lenti-sh-TRIM36
or vector were xenografted (Fig. 7a, b). Tumor tissues
were collected for IHC, which confirmed the decreased
expression of TRIM36 (Fig. 7f). As shown in Fig. 7c—e,
cells expressing sh-TRIM36 produced significantly
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larger lesion sizes, tumor volumes, and tumor weights
compared to the vector-only control. IHC also revealed
an elevated level of B-catenin and Ki-67 staining in the
sh-TRIM36-expressing cells compared with controls.
Decreased cleaved caspase-3 staining was also observed
in sh-TRIM36-expressing cells (Fig. 7f). Data gathering
together further confirmed the regulation of TRIM36
on WNT/B-catenin pathway and apoptosis identified
in vitro.

Discussion

Despite progressive advances in the treatment of HCC,
with advanced diagnosis and poor prognosis, HCC
remains the leading cause of cancer-related deaths world-
wide [5, 13]. A profound understanding of tumorigen-
esis and accelerated validation of promising therapeutic
targets and novel biomarkers are yet to be developed.
Our study is the first to indicate that TRIM36 acts as a
tumor suppressor in HCC. In our study, TRIM36 expres-
sion was significantly downregulated in HCC tissues and
correlated with poor clinical outcomes in HCC. TRIM36
was identified to play a stimulatory role in caspase-
dependent apoptosis in our study. And TRIM36 signifi-
cantly decreased proliferation, invasion, and migration
via Wnt/B-catenin pathway. Here, we provide a compre-
hensive and detailed molecular portrait of the regulated
pathway and mechanism underlying the tumor-suppres-
sive effects of TRIM36 in HCC (Fig. 8).

Apoptosis is an elaborate caspase-dependent process
of programmed cell death; its dysfunction contributes
to tumor initiation [35, 36]. Caspase-3 and caspase-7
are effectors in the apoptosis cascade, providing feed-
back amplification of apoptosis signals [37]. In our study,
increased expression of caspase-7 and genes involved in
apoptosis was shown using RNA-seq and bio-functional
analysis in Huh7 cells with TRIM36 knockdown, apop-
tosis assays highlighted the role of TRIM36 in apoptosis.
More significantly, consistent with our data, compat-
ible regulation of apoptosis-related pathways has been
observed in PC cells overexpressing TRIM36 [27]. Pre-
vious research has also revealed that some homolo-
gous regulation of apoptosis is performed by proteins

(See figure on next page.)

*P<0.05,**P<0.01

Fig. 7 Inhibition of TRIM36 in vivo causes the progression of tumor growth. a and b Subcutaneous tumor formation in Huh7 xenograft tumors
established via Huh7 cell line transduced with lenti-sh-NC and lenti-sh-TRIM36. ¢ gRT-PCR showing the expression level of TRIM36 mRNA in Huh7
xenograft tumors established via Huh7 cell line transduced with lenti-sh-NC and lenti-sh-TRIM36. d Individual value plot showing the tumor
volume of Huh7 xenograft tumors established via Huh7 cell line transduced with lenti-sh-NC and lenti-sh-TRIM36 at different time points (6 day,

9 day, 12 day, 15 day, 18 day, 21 day, 24 day). e Individual value plot showing the tumor weights of in Huh7 xenograft tumors established via Huh7
cell line transduced with lenti-sh-NC and lenti-sh-TRIM36. f Left panel showing the hematoxylin—eosin staining of tumor mass established via
Huh7 cell line transduced with lenti-sh-NC and lenti-sh-TRIM36, and the remaining showing immunohistochemical staining of 3-catenin, cleaved
caspase-3, Ki-67 and TRIM36 in HCC and adjacent non-tumor tissues. Scale bars, 100 um. The upper panel was 100 x magnification, the lower panel
was 200 x magnification. P value was calculated using two-tailed unpaired Student’s t-test, error bars are means 4 SD, n=5 independent repeats.
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in the TRIM family; for example, hepatocyte TRIM27
deficiency has been shown to contribute to resistance
to apoptosis [38]. TRIMS8 knockdown downregulated

cleaved caspase-3 expression [39], and TRIM34-medi-
ated apoptosis in HEK293T cells [40].



Tong et al. Cancer Cell International (2022) 22:278

Page 16 of 18

Extracellular matrix

PR
@

Apoptosis ‘——

cytoplasm nucleus

via the WNT/B-catenin pathway

Wnt

A

[ r—

&

MMP9
Cyclin D1

Fig. 8 The working model describes the mechanism of TRIM36 in HCC, which shows that TRIM36 upregulates apoptosis and inhibits tumorigenesis

Reactivation of Wnt—p-catenin signaling promotes
the transcription of genes involved in proliferation,
migration, and metastasis in HCC [41-43] Moreover,
chemoresistance, radiotherapy resistance, and tumor
microenvironment are influenced by Wnt/B-catenin
[44, 45]. As indicated in our study, regulation of Wnt/3-
catenin signaling was further confirmed in Huh7 and
HCCLMS3 cells with TRIM36 knockdown or overexpres-
sion. Functionally, we confirmed that si-TRIM36 boosted
the Wnt/fB-catenin pathway, resulting in enhanced prolif-
eration, migration, and invasion abilities of HCCLM3 and
Huh7 cell lines. Similarly, other TRIM proteins, such as
TRIM37, have also been found to inhibit the proliferation
and invasion of platelet-derived growth factor BB-stim-
ulated airway smooth muscle cells through the Wnt/p-
catenin signaling [46]. In vivo, sh-TRIM36 treatment
significantly inhibited HCC xenograft tumor growth, sug-
gested that TRIM36 functions as a tumor suppressor. In
addition, consistent with the in vitro results, H&E stain-
ing also revealed the upregulated expression of -catenin
and Ki-67, as well as downregulated cleaved caspase-3 in
the sh-TRIM36 group compared with those in the con-
trol group. Furthermore, we found that TRIM36 upregu-
lates apoptosis and represses the Wnt/p-catenin pathway
in HCC.

Our study has several limitations. We used a tumor-
derived cell line xenograft model, which is widely used
and has been verified to retain most of the features of
primary HCC, to mimic HCC and further verify our
findings in vivo. However, this model fails to mimic the

convoluted tumor microenvironment [38]. Although
substantial resources have been allocated to study HCC,
extensive obstacles remain, and further studies are
needed to gain a deeper understanding of the underlying
relationship between TRIM proteins and HCC.

Conclusions

Consistently, TRIM36 expression is downregulated; this
decrease is correlated with poor clinical outcomes in
HCC. TRIM36 activates apoptosis and inhibits cellular
proliferation, invasion, and migration via the Wnt/f-
catenin pathway. These data collectively suggest that
TRIM36 functions as a tumor suppressor, which may
serve as an important biomarker and promising thera-
peutic target for HCC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512935-022-02692-x.

Additional file 1.
Additional file 2.

Additional file 3: Figure S1. Cox analysis of recurrence-free survival (RFS)
a, b Univariate and multivariate Cox analysis of RFS

Additional file 4: Figure S2. a, b qRT-PCR showing the expression level of
TRIM36 mRNA in HCCLM3 and Huh7 transfected with si-NC, si-TRIM36#1
or si-TRIM36#2, and cells transduced with vector or TRIM36. P value was
calculated using two-tailed unpaired Student’s t-test within two groups,
and one-way ANOVA was used among three groups, error bars are means
=+ SD, n = 3 independent repeats. **P < 0.01, ***P < 0.001.



https://doi.org/10.1186/s12935-022-02692-x
https://doi.org/10.1186/s12935-022-02692-x

Tong et al. Cancer Cell International (2022) 22:278

Acknowledgements

We thank Cancer Cell International editors for editing services. We thank

the Natural Science Foundation of Xinjiang Uygur Autonomous Region
(2020D01C216 and 2017D01C387) for financial support. We also thank Helixlife
for professional English language polishing.

Author contributions

QT: project/protocol development; MYY: manuscript writing/editing; PPK: data
collection or management; LX: data analysis; WKH: supervision; YN: validation;
XJG: software; HZ: formal analysis; RT: manuscript revision; DY: project adminis-
tration. All authors read and approved the final manuscript.

Funding

This work was financially supported by the Natural Science Foundation of
Xinjiang Uygur Autonomous Region, Young Scientists Fund (2020D01C216)
and General Fund (2017D01C387).

Availability of data and materials
All data generated or analyzed in this study are included in this published
article and its additional files.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Research Ethics Committees of
Affiliated Tumor Hospital of Xinjiang Medical University (K-2021024).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Hepatopancreatobiliary Surgery, Affiliated Cancer Hospital

of Xinjiang Medical University, Urumgqi 830011, Xinjiang, China. 2The Third
Affiliated, Teaching Hospital of Xinjiang Medical University, Urumqi, Xinjiang,
China. *The Third Xiangya Hospital, Central South University, Changsha,
Hunan, China. “National Cancer Center/National Clinical Research Center

for Cancer/Cancer Hospital & Shenzhen Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Shenzhen, China. *Department
of Biliary-Pancreatic Surgery, Affiliated Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, Hubei, China.

Received: 3 December 2021 Accepted: 22 August 2022
Published online: 06 September 2022

References

1. Llovet JM, Montal R, Sia D, Finn RS. Molecular therapies and preci-
sion medicine for hepatocellular carcinoma. Nat Rev Clin Oncol.
2018;15(10):599-616.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

3. Rebouissou S, Nault JC. Advances in molecular classification and preci-
sion oncology in hepatocellular carcinoma. J Hepatol. 2020;72(2):215-29.

4. Craig AJ, von Felden J, Garcia-Lezana T, Sarcognato S, Villanueva A.
Tumour evolution in hepatocellular carcinoma. Nat Rev Gastroenterol
Hepatol. 2020;17(3):139-52.

5. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, Len-
cioni R, Koike K, Zucman-Rossi J, Finn RS. Hepatocellular carcinoma. Nat
Rev Dis Primers. 2021;7(1):6.

6. Fujiwara N, Friedman SL, Goossens N, Hoshida Y. Risk factors and preven-
tion of hepatocellular carcinoma in the era of precision medicine. J
Hepatol. 2018;68(3):526-49.

7. GuoL,YiX, Chen L, Zhang T, Guo H, Chen Z, Cheng J, Cao Q, Liu H, Hou C,
et al. Single-cell DNA sequencing reveals punctuated and gradual clonal

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 17 of 18

evolution in hepatocellular carcinoma. Gastroenterology. 2021. https://
doi.org/10.1053/j.gastro.2021.08.052.

Perugorria MJ, Olaizola P, Labiano |, Esparza-Baquer A, Marzioni M, Marin
JJG, Bujanda L, Banales JM. Wnt-f3-catenin signalling in liver development,
health and disease. Nat Rev Gastroenterol Hepatol. 2019;16(2):121-36.
Bugter JM, Fenderico N, Maurice MM. Mutations and mechanisms of WNT
pathway tumour suppressors in cancer. Nat Rev Cancer. 2021;21(1):5-21.
Carotenuto P, Fassan M, Pandolfo R, Lampis A, Vicentini C, Cascione L,
Paulus-Hock V, Boulter L, Guest R, Quagliata L, et al. Wnt signalling modu-
lates transcribed-ultraconserved regions in hepatobiliary cancers. Gut.
2017,66(7):1268-77.

. Ruiz de Galarreta M, Bresnahan E, Molina-Sanchez P, Lindblad KE,

Maier B, Sia D, Puigvehi M, Miguela V, Casanova-Acebes M, Dhainaut

M, et al. B-catenin activation promotes immune escape and resist-

ance to anti-PD-1 therapy in hepatocellular carcinoma. Cancer Discov.
2019,9(8):1124-41.

Luke JJ, Bao R, Sweis RF, Spranger S, Gajewski TF. WNT/[-catenin pathway
activation correlates with immune exclusion across human cancers. Clin
Cancer Res. 2019;25(10):3074-83.

Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, Sherman M,
Gores G. Hepatocellular carcinoma. Nat Rev Dis Primers. 2016;2:16018.
Audard V, Grimber G, Elie C, Radenen B, Audebourg A, Letourneur F,
Soubrane O, Vacher-Lavenu MC, Perret C, Cavard C, et al. Cholestasis is a
marker for hepatocellular carcinomas displaying beta-catenin mutations.
J Pathol. 2007,212(3):345-52.

Chai S, Ng KY, Tong M, Lau EY, Lee TK, Chan KW, Yuan YF, Cheung TT,
Cheung ST, Wang XQ, et al. Octamer 4/microRNA-1246 signaling axis
drives Wnt/[3-catenin activation in liver cancer stem cells. Hepatology.
2016;64(6):2062-76.

Fiorentini F, Esposito D, Rittinger K. Does it take two to tango? RING
domain self-association and activity in TRIM E3 ubiquitin ligases. Biochem
Soc Trans. 2020;48(6):2615-24.

LiY, Wu H, Wu W, Zhuo W, Liu W, Zhang Y, Cheng M, Chen YG, Gao N, Yu
H, et al. Structural insights into the TRIM family of ubiquitin E3 ligases. Cell
Res. 2014;24(6):762-5.

Hatakeyama S.TRIM proteins and cancer. Nat Rev Cancer.
2011;11(11):792-804.

Zhao G, Liu C,Wen X, Luan G, Xie L, Guo X. The translational values of
TRIM family in pan-cancers: from functions and mechanisms to clinics.
Pharmacol Ther. 2021;227:107881.

Reymond A, Meroni G, Fantozzi A, Merla G, Cairo S, Luzi L, Riganelli D,
Zanaria E, Messali S, Cainarca S, et al. The tripartite motif family identifies
cell compartments. EMBO J. 2001;20(9):2140-51.

James LC, Keeble AH, Khan Z, Rhodes DA, Trowsdale J. Structural basis
for PRYSPRY-mediated tripartite motif (TRIM) protein function. Proc Natl
Acad Sci U S A. 2007;104(15):6200-5.

Gushchina LV, Kwiatkowski TA, Bhattacharya S, Weisleder NL. Conserved
structural and functional aspects of the tripartite motif gene family point
towards therapeutic applications in multiple diseases. Pharmacol Ther.
2018;185:12-25.

Yoshigai E, Kawamura S, Kuhara S, Tashiro K. Trim36/Haprin plays a critical
role in the arrangement of somites during Xenopus embryogenesis.
Biochem Biophys Res Commun. 2009;378(3):428-32.

Ozato K, Shin DM, Chang TH, Morse HC 3rd. TRIM family proteins and their
emerging roles in innate immunity. Nat Rev Immunol. 2008;8(11):849-60.
Kitamura K, Tanaka H, Nishimune Y. Haprin, a novel haploid germ cell-
specific RING finger protein involved in the acrosome reaction. J Biol
Chem. 2003,278(45):44417-23.

Liang C,Wang S, Qin C, Bao M, Cheng G, Liu B, Shao P, Lv Q, Song N, Hua
L, et al. TRIM36, a novel androgen-responsive gene, enhances anti-andro-
gen efficacy against prostate cancer by inhibiting MAPK/ERK signaling
pathways. Cell Death Dis. 2018;9(2):155.

Kimura N, Yamada Y, Takayama KI, Fujimura T, Takahashi S, Kume H, Inoue
S. Androgen-responsive tripartite motif 36 enhances tumor-suppressive
effect by regulating apoptosis-related pathway in prostate cancer. Cancer
Sci. 2018;109(12):3840-52.

Balint I, Muller A, Nagy A, Kovacs G. Cloning and characterisation of the
RBCC728/TRIM36 zinc-binding protein from the tumor suppressor gene
region at chromosome 5q22.3. Gene. 2004;332:45-50.


https://doi.org/10.1053/j.gastro.2021.08.052
https://doi.org/10.1053/j.gastro.2021.08.052

Tong et al. Cancer Cell International (2022) 22:278

29. Olson DJ, Oh D, Houston DW. The dynamics of plus end polarization
and microtubule assembly during Xenopus cortical rotation. Dev Biol.
2015;401(2):249-63.

30. ChenJ, Rajasekaran M, Xia H, Zhang X, Kong SN, Sekar K, Seshachalam
VP, Deivasigamani A, Goh BK, Ooi LL, et al. The microtubule-associated
protein PRC1 promotes early recurrence of hepatocellular carcinoma
in association with the Wnt/beta-catenin signalling pathway. Gut.
2016;65(9):1522-34.

31. HuJ, Dong A, Fernandez-RuizV, Shan J, Kawa M, Martinez-Anso E, Prieto
J, Qian C. Blockade of Wnt signaling inhibits angiogenesis and tumor
growth in hepatocellular carcinoma. Cancer Res. 2009,69(17):6951-9.

32. PezF, Lopez A, Kim M, Wands JR, de Caron Fromentel C, Merle P.Wnt sign-
aling and hepatocarcinogenesis: molecular targets for the development
of innovative anticancer drugs. J Hepatol. 2013;59(5):1107-17.

33. Stamos JL, Weis WI. The B-catenin destruction complex. Cold Spring Harb
Perspect Biol. 2013;5(1): a007898.

34. Brembeck FH, Rosario M, Birchmeier W. Balancing cell adhesion and
Whnt signaling, the key role of beta-catenin. Curr Opin Genet Dev.
2006;16(1):51-9.

35. Schwabe RF, Luedde T. Apoptosis and necroptosis in the liver: a matter of
life and death. Nat Rev Gastroenterol Hepatol. 2018;15(12):738-52.

36. Van Opdenbosch N, Lamkanfi M. Caspases in cell death, inflammation,
and disease. Immunity. 2019;50(6):1352-64.

37. McComb S, Chan PK, Guinot A, Hartmannsdottir H, Jenni S, Dobay MP,
Bourquin JP, Bornhauser BC. Efficient apoptosis requires feedback amplifi-
cation of upstream apoptotic signals by effector caspase-3 or -7. Sci Adv.
2019;5(7):.eaau9433.

38. Zaman MM, Nomura T, Takagi T, Okamura T, Jin W, Shinagawa T, Tanaka
Y, Ishii S. Ubiquitination-deubiquitination by the TRIM27-USP7 complex
regulates tumor necrosis factor alpha-induced apoptosis. Mol Cell Biol.
2013;33(24):4971-84.

39. Bai X, Zhang YL, Liu LN. Inhibition of TRIM8 restrains ischaemia-reperfu-
sion-mediated cerebral injury by regulation of NF-kB activation associ-
ated inflammation and apoptosis. Exp Cell Res. 2020,388(2): 111818.

40. An X, Ji B, Sun D.TRIM34 localizes to the mitochondria and mediates
apoptosis through the mitochondrial pathway in HEK293T cells. Heliyon.
2020;6(1): €03115.

41. Nusse R, Clevers H. Wnt/B-catenin signaling, disease, and emerging thera-
peutic modalities. Cell. 2017;169(6):985-99.

42. Monga SP. B-catenin signaling and roles in liver homeostasis, injury, and
tumorigenesis. Gastroenterology. 2015;148(7):1294-310.

43. TohTB, Lim JJ, Hooi L, Rashid M, Chow EK. Targeting Jak/Stat pathway as
a therapeutic strategy against SP/CD44+ tumorigenic cells in Akt/-
catenin-driven hepatocellular carcinoma. J Hepatol. 2020;72(1):104-18.

44. Elzi DJ, Song M, Hakala K, Weintraub ST, Shiio Y. Wnt antagonist
SFRP1 functions as a secreted mediator of senescence. Mol Cell Biol.
2012;32(21):4388-99.

45. Yuzugullu H, Benhaj K, Ozturk N, Senturk S, Celik E, Toylu A, Tasdemir N,
Yilmaz M, Erdal E, Akcali KC, et al. Canonical Wnt signaling is antagonized
by noncanonical Wnt5a in hepatocellular carcinoma cells. Mol Cancer.
2009;8:90.

46. DaiY, LiY,Cheng R, Gao J, LiY, Lou C. TRIM37 inhibits PDGF-BB-induced
proliferation and migration of airway smooth muscle cells. Biomed Phar-
macother. 2018;101:24-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 18 of 18

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	TRIM36 inhibits tumorigenesis through the Wntβ-catenin pathway and promotes caspase-dependent apoptosis in hepatocellular carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Subjects
	Immunohistochemistry (IHC)
	RNA isolation and RT-qPCR
	Protein extraction
	Western blotting
	Cell culture and transfection
	Lentiviral transduction
	Cell counting
	Colony formation
	Migration and invasion assays
	TUNEL apoptosis assay
	Annexin VPI apoptosis assay
	RNA-Seq
	Bioinformatics
	Murine xenograft model
	Statistical analysis

	Results
	TRIM36 expression is downregulated in HCC and correlates with poor clinical outcomes
	TRIM36 represses HCC proliferation, migration, and invasion
	TRIM36 promotes HCC apoptosis in a caspase-dependent manner
	TRIM36 regulates HCC proliferation, invasion, and migration through Wntβ-catenin signaling
	Inhibition of TRIM36 in vivo promotes tumor progression

	Discussion
	Conclusions
	Acknowledgements
	References




