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Background: Hepatocellular carcinoma (HCC) is a common malignancy, but the pathogenesis of HCC is unclear. TMUB1 has
an inhibitory effect on normal hepatocytes, but its role in HCC has not been reported.

Material/Methods: We used immunohistochemistry to observe the expression of transmembrane and ubiquitin-like domain con-
taining 1 protein (TMUB1) and signal transducer and activator of transcription 1 (STAT1) in 132 HCC tissue
specimens. The expression of TMUB1, STAT1, and CCND1 in HCC cells were detected by quantitative polymerase
chain reaction (qPCR) and western blotting. Cell Counting Kit-8 (CCK-8) and 5-ethynyl-2’-deoxyuridine (EdU)
assays were used for detecting HCC cells proliferation, and Transwell assays were used for observing the inva-
sion and migration of HCC cells.

Results: TMUB1 was negatively correlated with HCC pathological malignancy; low expression of TMUB1 indicated poor
prognosis. TMUB1 inhibited proliferation but not metastasis in HCC cells. TMUB1 expression was positively
correlated with STAT1 in 132 HCC tissues, TMUB1 promoted the expression of STAT1, and suppressed the ex-
pression of CCND1 in HCC cells.

Conclusions: TMUBI1 negatively regulates hepatocellular carcinoma proliferation via regulating STAT1.
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Background

Hepatocellular carcinoma (HCC) is a common malignant tu-
mor whose global incidence rate ranks sixth among malig-
nant tumors and whose mortality rate ranks second [1]. HCC
is especially serious in People’s Republic of China, and the in-
cidence and mortality has increased significantly in past de-
cades [2,3]. HCC treatment includes mainly surgical resection,
radiofrequency ablation, interventional therapy, and liver trans-
plantation, of which surgical resection is the most commonly
used [4,5]. However, because systemic chemotherapy drugs
for HCC are ineffective, 70% of patients still have recurrence
and metastasis 5 years after surgery [6,7]. Currently, the patho-
genesis of HCC remains unclear, so finding a definitive and ef-
fective treatment is difficult [8]. Finding effective treatments
through the in-depth study of the pathogenesis of HCC thus
remains the focus of current HCC research.

TMUB1 (transmembrane and ubiquitin-like domain-contain-
ing protein 1) was first reported in 2005, and its expression in
hepatocytes is significantly increased after hepatectomy [9].
The TMUBI1 gene is located at the 4q11 position on chromo-
some 4 in rats (located on chromosome 7 in humans) and has a
total length of 1381 bp. The TMUB1 protein contains 245 amino
acids and includes a nuclear export signal (NES) at the amino
terminus and a region containing a similar ubiquitin structure
(UBL; 121-175 aa). TMUBL is a transmembrane protein, acts
as a ubiquitin-like protein participated in the ERAD (endoplas-
mic reticulum-associated protein degradation) pathway. As a
nuclear-cytoplasmic shuttle protein, TMUB1 is released from
the membrane and shuttles between the cytoplasm and the
nucleus to exert its biological functions [10].

Early studies indicated that TMUB1 has an inhibitory effect on
the proliferation of normal hepatocytes. Interleukin (IL)-6 and
miR-27a/b can regulate the expression of TMUB1, as well as
its post-transcriptional modification, thereby promoting its in-
hibition of hepatocyte proliferation [11-13]. TMUB1 regulates
hepatocyte regeneration by inhibiting STAT3 phosphorylation
and interfering with CAML binding to cyclophilin B [14,15].
TMUBL1 also acts as an important factor in the p14**-p53 path-
way and participates in inhibiting tumorigenesis by repairing
DNA [16]. However, whether TMUB1 plays a role in hepatocel-
lular carcinoma is not clear.

STAT1 (signal transducer and activator of transcription 1) is a
key member of the mammalian STAT family and transduces
signals from the cytoplasm to the nucleus for regulating gene
expression [17]. Current research indicates that STAT1 has in-
hibitory effects on a variety of tumors such as colon (rectal)
cancer [18], HCC [19,20], soft tissue sarcoma, pancreatic can-
cer, esophageal cancer, and metastatic melanomas [21-24].
STAT1 not only inhibits tumorigenesis but also inhibits tumor
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cell proliferation, promotes apoptosis, inhibits angiogenesis,
and regulates tumor immunity [24]. STAT1 exerts its function
of inhibiting tumor progression by regulating cell cycle reg-
ulators (e.g., p21WAF1 and p27KIP1) [25,26], proapoptotic
proteins (e.g., Bcl-2 family members) [27,28], death recep-
tors (e.g., FAS) [29], and angiostatic chemokines (e.g., CXCL10
and CXCL11) [30,31]. Both STAT3 and STAT1 participate in the
JAK/STAT signaling pathway and antagonize each other, and
TMUBT1 has an inhibitory effect on STAT3 [32,33]. Therefore, we
speculate that TMUB1 may inhibit HCC by promoting STAT1.

In our research, we analyzed the correlation between TMUB1
expression in HCC tissues and the clinical pathological fea-
tures and prognosis of HCC patients. We verified our results
with cell experiments and conducted a preliminary molecular
mechanism study.

Material and Methods

Medical record and follow-up

We gathered 132 paraffin specimens from HCC patients who
have undergone partial hepatectomy at the Army Medical
Center between January 2013 and December 2014. Clinical
pathological information included gender, age, tumor size,
tumor cells differentiation, TNM stage, extrahepatic metastasis,
vascular invasion, lymph node metastasis, and other patient-
related information. We followed the patients until January 1,
2019, and recorded relapse and deaths.

Immunohistochemical staining

We collected 132 paraffin-embedded HCC tissue specimens
and 20 paraffin-embedded HCC paracancerous tissue speci-
mens and used them to create 2 tissue microarrays. The tis-
sue microarrays were deparaffinized, rehydrated in graded
alcohols, placed in a sodium citrate solution and recovered
antigen by microwave treatment for 10 minutes. After cool-
ing naturally, the tissue microarrays were incubated in serum
for 30 minutes, then incubation at 4°C with the primary anti-
body overnight. The results of immunohistochemical staining
were scored of both the intensity of staining and the tumor
cells positive rate. Each tissue microarray was scored by 2 pa-
thologists independently who do not know the patient data in
advance. For TMUB1 or STAT1, the final score (0~12) was de-
termined by product of the score of intensity of intensity and
the score of tumor cells positive rate. The intensity of stain-
ing defined as follow: 0 (negative), 1 (weak), 2 (moderate),
and 3 (strong). The score of tumor cells positive rate was de-
fined as follow: 0 (0%), 1 (1-24%), 2 (25-49%), 3 (50-74%),
and 4 (75-100%). Total score=cell positive rate scorexstaining
intensity score; and 0 point means negative, 1-4 points mean
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weakly positive (1+), 5-8 points mean moderately positive (2+),
9-12 points mean strong positive (3+). For statistical analy-
sis, 0 and 1+ were defined as low expression, and 2+ and 3+
were defined as high expression.

Cell culture

MHCC97h and Huh7 cells were routinely cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Invitrogen) with 10% FBS (fetal
bovine serum) and incubated at 5% CO, and 37°C.

Plasmid extraction

The TMUB1 and STAT1 overexpression and shRNA vectors
were purchased from Cyagen Biosciences. The TMUB1 shRNA
sequence was 5’-GACACCATTGGCTCCTTGAAA-3’ and STAT1
shRNA sequence was 5’-CTGGAAGATTTACAAGATGAA-3’.
Bacteria solution (100 pL), ampicillin sodium (100 pL) and LB
medium (200 mL) were mixed in a conical flask, then shaken
for 16 hours at 37°C. After the medium became turbid, the sus-
pension was centrifuged, then collected the bacteria. The plas-
mid was extracted with an EndoFree Plasmid Maxi Kit (QIAGEN).
The spectrophotometer (NV3000C) was used for detecting the
plasmid concentration.

Cell transfection

MHCC97h or Huh7 cells were seeded onto 24-well culture
plate. When the cells confluence reached 80%, they were trans-
ferred to new DMEM without penicillin-streptomycin. Plasmid
DNA (4 pg) and Lipofectamine 3000 (5 uL) were diluted in se-
rum-free medium for 20 minutes. The mixture solution was
added to the cultured cells, and the plate was gently rotated for
even distribution. The cells were further cultured for 6 hours,
then the medium was changed with high-glucose DMEM with
10% FBS. After 36 hours, western blotting and qPCR were used
for detecting the transfection efficiency.

Cell proliferation assay

When cells were successful transfected with plasmid, cells pro-
liferation was detected by CCK-8 kit (Engreen) at 0, 24, 48, and
72 hours, and (EAU) DNA Proliferation In Vitro Detection kit
(KeyGen Biotech) at 36 hours.

Migration and invasion assays

Basement Membrane Matrix (Corning Life Science) was
spread on the bottom of the upper well of a Transwell cham-
ber (Millipore) for the invasion assays. Cells were added to
the upper wells, while DMEM with 10% FBS was added into
the lower chamber. The cells in Transwell chambers were cul-
tured at 37°C and 5% CO,. The cells had migrated or invaded
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Table 1. Primers polymerase chain reaction amplification.

Gene Primers (5°-3’)
h-TMUB1-F GCTACCGACAGTGAGAGG
hTMUBIR  ATTICAGCCGTAGCACGAGG
ChSTATLE CGCTCTGCTGTCTCCGCTTCCACTCC
hSTATIR  AGCTGATCCAAGCAGCATTGG
hCydinDIF  CTGGCCATGMACTACCTGGA
hGydinDIR  GICACATIGATCACTCTCC
hGAPDHF  AGGTGAAGGTCGGAGTCAAC
hGAPDHR CGCTCCTGGAAGATGGTGAT

into the lower chambers were fixed with paraformaldehyde,
stained with crystal violet and counted.

Quantitative PCR and western blotting

TRIzol Reagent (TaKaRa) was used for extracting total RNA.
The primers used to amplify TMUB1, STAT1, CCND1, and GAPDH
(Table 1). The PrimeScript RT-polymerase (TaKaRa) was used
for reverse transcription and amplification. The total protein
was extracted using the RIPA lysate (TaKaRa,), the concentra-
tion was calculated by the BCA kit (CWBIO). Total proteins were
separated by 10% SDS-PAGE, after that transferred to a NC
membrane. The NC membrane was blocked by 5% skimmed
milk, and incubated with anti-TMUB1, anti-STAT1, anti-CCND1
(Abcam) at 4°C overnight. Then, the membrane was incubated
with secondary antibodies at room temperature for 2 hours.

Statistical analysis

Prism 6 (GraphPad) and SPSS 18.0 statistics software (SPSS
Science) were used to perform the statistical analysis. All data
were expressed 2-sided, unpaired Student’s t-test was used for
statistical analysis between groups, and Chi-square test/Fisher
exact test for processing count data. The P value <0.05 defined
as statistical significance.

Results

Patient data statistics

The average age of patients was 51.2+11.0; 116 patients
(87.9%) were males, and 16 patients (12.1%) were females.
The average tumor size was 1.0-19.0 cm (5.8+2.5 cm). The pa-
tients were divided into 4 groups based on TNM staging: stage |
(71.2%; n=94), stage Il (17.4%; n=23), stage Ill (8.3%; n=11),
and stage IV (3.1%; n=4). The proportion of multiple tumors

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Chen Y. etal.:

LA B/ I N V I T RO R E S EA RC H TMUB1 negatively regulates hepatocellular carcinoma proliferation via regulating STAT1

© Med Sci Monit, 2019; 25: 9471-9482

Table 2. Clinical pathological and follow-up data from patients.

Pathologic variables No. of patients (%) Pathologic variables No. of patients (%)

TNM stage 132 Lymph node metastasis 132
s a4 oW
"""" N 128 (7.0%
 Extrahepatic metastasis 132
e 3 @3
"""" N 129 (977%)
 Postoperative recurrence 132
o Yes 88 (667%)
"""" N 4 (333%)
| Cancer related death 74 (56.06%)
Csuvival 53 (402%)
 TMUBI expression status
"""" o & @5
"""" w47 (356%
"""" 2 a3 (G2e%)

No 111 (841%) * 36 Q7.3%)

HCC - hepatocellular carcinoma; WD — well differentiated; MD — moderately differentiated; PD — poorly differentiated;
TMUB1 - transmembrane and ubiquitin-like domain-containing protein 1.

Table 3. Comparison of the clinical pathological features and patient prognosis in the 2 groups.

High TMUB1 expression Low TMUB1 expression

Biological characteristics 2+, 34) (0+, 14) P value
Mean tumor size (cm) 5.2+2.5 6.8+4.0 <0.001
Numbersoftumors>2 12 Q1% 19 (44%) o011
CTNMstage . o4
”””” Stagel e @esw 30 @M
”””” Staget 1 @% o1 @
”””” Stgewl 2 oas® 9 Gsw
”””” Stgewv 1 @8 3 @
| HCCdifferentiation oo
”””” wo 25 oqgsew 8 6%
"""" mo @ s 24 2%
”””” o e a1 oasew
lymphnode metastasis 1 ©8% 3 @3 5005
vVascularinvasion 12 @) o 8% 5005
Extrahepatic metastasis 1 ©8%) 2 ase 5005
Postoperative recurrence s @33% 40 Go3%) o002
Cancerrelated death 38 (89% 36 (73%) 0031
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Figure 1. TMUB1 is negatively correlated with HCC pathological malignancy and positively correlated with patient prognosis.
(A) The immunohistochemistry was used for detecting TMUB1 expression of tissue microarrays. TMUB1 expression was scored
as described in the Methods. (B) The comparison of tumor size between the 2 groups. (C) The comparison of the proportion
of multiple tumors between the 2 groups. (D) The comparison of TNM stage between the 2 groups. (E) The comparison of
the mean postoperative survival time between the 2 groups. TMUB1 — transmembrane and ubiquitin-like domain-containing
protein 1; HCC — hepatocellular carcinoma; TMUB1-OE — TMUB1 over-expression; TMUB1-UE — TMUB1 under-expression.
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Figure 2. TMUB1 expression controls HCC cell proliferation. (A, D) Western blotting detecting expression of TMUB1 in MHCC97h cells
transfected by overexpression plasmid (A) and in Huh7 cells transfected by interference plasmid (D). (B, E) CCK-8 kit was used
for detecting the proliferation of MHCC97h (B) and Huh7 cells (E). (C, F) Transwell assays were used for detecting the invasion
and migration of MHCC97h cells (C) and Huh7 cells (F). The invasion and migration potential were not changed in neither
MHCC97h cells treated by over-expression plasmid nor Huh7 cells treated by interference plasmid. TMUB1 — transmembrane
and ubiquitin-like domain-containing protein 1; HCC — hepatocellular carcinoma; CCK-8 — Cell Counting Kit-8.

was 23.5% (n=31). The patients were divided into 3 groups
based on HCC cells differentiation: well differentiation (25.0%;
n=33), moderate differentiation (50.0%; n=66), and poor dif-
ferentiation (25.0%; n=33). In total, 2.3% (n=3) of patients suf-
fering from extrahepatic metastasis, 3.0% (n=4) of patients
suffering from lymph node metastasis, and 15.9% (n=21) of
patients suffering from vascular invasion in our patient cohort.
The recurrence rate was 66.7% (n=88), and the cancer-related
mortality rate was 56.1% (n=74). (Table 2).

TMUB1 was negatively correlated with HCC pathological
malignancy and low expression of TMUB1 indicated poor
prognosis

We analyzed differences in the tumor size, HCC differentiation,
TNM stage, extrahepatic metastasis, lymph node metastasis,
vascular invasion and prognosis of patients in TMUB1 high
expression group and TMUB1 low expression group. The tu-
mor sizes were significantly larger in TMUB1 low expression
group (6.844.0 cm) than those in TMUB1 high expression group
(5.2+2.5 cm) (P<0.001). The HCC differentiation in TMUB1 high
expression group was better than those in TMUB1 low expres-
sion group (P=0.021). The proportion of multiple tumors in
TMUB1 low expression group (14.4%, n=19) was significantly

higher than that in TMUB1 high expression group (9.1%, n=12)
(P=0.011). Regarding TNM stage, there were significantly more
patients with stage Ill (6.8%) and stage IV (2.3%) in TMUB1
low expression group than patients with stage Ill (1.5%) and
stage IV (0.8%) in TMUB1 high expression groups (P=0.004).
But the vascular invasion or metastasis between the 2 groups
had no statistically significant differences. In addition, the re-
sults of postoperative follow-up showed that the tumor-free
survival time was obviously lower in TMUB1 low expression
group than in TMUB1 high expression group (P=0.014), and
the overall survival time was also obviously lower in TMUB1
low expression group than in TMUB1 high expression group
(P=0.001). The mean postoperative survival time was lower in
TMUB1 low expression group (828+102 days) than in TMUB1
high expression group (11804150 days) (Table 3, Figure 1).

TMUB1 suppressed HCC proliferation but had no
significant effect on HCC metastasis

We transfected MHCC97h cells with a TMUB1 overexpression
plasmid or control vector, and we transfected Huh7 cells with
a TMUBL interference plasmid or control vector. Then, we de-
tected cells proliferation with CCK-8 kit, and invasion and mi-
gration with Transwell assays. We discovered that proliferation
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Table 4. Comparison of the clinical pathological features and patient prognosis in the TMUB1/STAT1 under-expression and

over-expression.
Biological characteristics TMUBl"‘f"/ U TMUBII.W/ 1 P value
STAT1hPish STAT1'% STAT1"s" STAT1'%

Numbers of patient 58 21 19 34

Meantumorsize (cm) 473220 67:30 53127 78144 0001
Numbersof umors>2 7 63%) 4 Go%w 8 (61% 11 B3% 0021
CTNMstge . o0
"""" Stigel 49 (71% 15 113%) 10 (6% 20 (152%
"""" Stagell 7 (3% 5 G8% 6 @4s% 5 689
"""" Stageml 1 8% 1 ©08%) 3 Q3% 6 @s%)
"""" Stagev 1 (8% 1 ©08%) 0 ©0o% 3 @3%
CHcCdifferentiation . o2
"""" wo  20as52% 2 (5% 2 (5% 6 @5
"""" Mo 0@ 1 1% 13 08 11 @3%
"""" PO 8 61 7 (3% 4 Gow 17 (29%)
lymphnode metastasis 1 (08%) o (©o% o ©o% 1 8% 5005
Vascularinvasion 6 s 6 s 2 s% 6 @s%) 5005
Extrahepatic metastas's 1 (08%) 0 ©00% 1 ©8% 2 as% 5005
Postoperative recurrence 35 (265%) 6 (5% 14 106%) 26 (197% 0003
Cancerrelated death 24 (182%) 13 (8% 13 (8% 23 (174% 0030

STAT1 - signal transducer and activator of transcription 1.

was suppressed in TMUB1-overexpressing MHCC97h cells com-
pared with control MHCC97h cells, while proliferation was sig-
nificantly enhanced in TMUB1-knockdown Huh7 cells compared
with control Huh7 cells. There were no significant changes in
migration and invasion in the 2 groups (Figure 2).

The expression of TMUB1 and STAT1 was positively
correlated in surgically resected HCC specimens,
TMUB1/STAT1 expression are negatively correlated
with HCC pathological malignancy

TMUB1 can inhibit the proliferation of HCC cells, but its mo-
lecular mechanism is still unclear. Previous studies have
shown that TMUB1 can inhibit STAT3 function by suppress-
ing the phosphorylation of STAT3. STAT1 and STAT3 have
antagonistic effects in promoting tumorigenesis and pro-
liferation. High STAT1 expression indicates better progno-
sis of HCC patients. Therefore, we examined STAT1 expres-
sion in 132 HCC specimens and found that STAT1 expression
and TMUB1 expression were positively correlated, P<0.0001,
Pearson r=0.47. The tumor size of the TMUB1'°%/STAT1'""

group (7.8+4.4 cm) was significantly larger than that of
the TMUB1"e"/STAT1"" (6.7+3.0 cm), TMUB1'°"/STAT1hieh
(5.3+2.7 cm), and TMUB1"ie"/STAT1Me" (4.7+2.0 cm) groups
(P<0.001). The proportion of multiple tumors in the
TMUB1"/STAT1" group (8.3%, n=11) was significantly
higher than that in the TMUB1Me"/STAT1Me" (5.3%, n=7),
TMUB1"&"/STAT1" (3.0%, n=4) and TMUB1'°"/STAT1hieh
groups (6.1%, n=8). Regarding TNM stage and HCC differenti-
ation, the TMUB1"e"/STAT1"e" group was better than those of
TMUB1"en/STAT1v, TMUB1'"/STAT1"e", and TMUB1'°%/STAT1 v
groups (P=0.016). But there were no statistically significant
differences in the 4 groups for vascular invasion or metasta-
sis. The overall survival of the TMUB1"e"/STAT1"&" group were
longer than those of TMUB1hi&"/STAT1', TMUB1'°%/STAT1hieh,
and TMUB1%/STAT1"" groups (P=0.004; Table 4, Figure 3).

TMUB1 regulated the expression of STAT1
To further validate the regulation of TMUB1 on STAT1, we

monitored the changes of STAT1 mRNA, and protein after in-
terference and overexpression of TMUB1 expression, and we
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Figure 3. Correlation of TMUB1 and STAT1 expression with clinical pathological features and patients’ survival. (A) The
immunohistochemistry was used for detecting STAT1 expression of tissue microarrays. (B) STAT1 expression is positively
correlated with TMUB1. (C) The comparison of tumor size between the 4 groups. (D) The comparison of the mean
postoperative survival time between the 4 groups. TMUB1 — transmembrane and ubiquitin-like domain-containing protein 1;

STAT1 - signal transducer and activator of transcription 1.

monitored the changes of cell cycle related protein CCND1. We
transfected MHCC97h cells with the TMUB1 overexpression
plasmid or control vector and then detected STAT1 and CCND1
mRNA changes with g-PCR and protein changes with western
blot. When TMUB1 expression was upregulated, STAT1 mRNA
and protein levels were both upregulated compared with con-
trol MHCC97h cells. CCND1 mRNA and protein levels were both
downregulated compared with control MHCC97h cells. To fur-
ther verify these effects, we transfected Huh7 cells with the
TMUBT1 interference plasmid or control vector and then detect-
ed changes in STAT1 and CCND1. We found that when TMUB1
expression was downregulated, STAT1 mRNA and protein ex-
pression levels were both downregulated compared with con-
trol Huh7 cells. CCND1 mRNA and protein levels were upregu-
lated compared with control Huh7 cells (Figure 4).
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TMUB1 suppressed HCC proliferation via regulating STAT1
signaling

The expression of STAT1 were significantly reduced in MHCC97h
cells by STAT1 interference plasmid. The STAT1 overexpression
plasmid significantly increased STAT1 expression in Huh7 cells.
An EdU assay indicated that MHCC97h cells proliferation were
significantly suppressed by overexpression of TMUB1 and were
rescued by STAT1 interference plasmid. In contrast, the pro-
motive effect of TMUB1 knockdown on proliferation in Huh7
cells was abolished by STAT1 overexpression plasmid. These
data demonstrate that TMUB1 suppresses HCC proliferation
via regulating expression of STAT1 at least partially (Figure 5).
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Figure 4. TMUB1 regulates STAT1 and CCND1 in HCC. (A, B) Following TMUB1 overexpression, the western blotting indicated the
expression of STAT1 was upregulated following TMUB1 upregulation, and CCND1 was downregulated. (C) The g-PCR
indicated the change of expression of STATI and CCND1 was consistent with the western blots. (D, E) Following TMUB1
downregulation, the western blotting indicated the expression of STAT1 was downregulated, and CCND1 was upregulated.
(F) Following TMUB1 downregulation, the g-PCR indicated the change of expression of STATI and CCND1 was consistent with
the western blots. TMUB1 — transmembrane and ubiquitin-like domain-containing protein 1; STAT1 — signal transducer and
activator of transcription 1; HCC — hepatocellular carcinoma; g-PCR — quantitative polymerase chain reaction.

Discussion

The proliferation of normal cells is closely regulated by vari-
ous mechanisms. When the mechanisms relating to the reg-
ulation of cell proliferation are disordered, abnormal prolif-
eration may occur, which may cause tumorigenesis. Current
studies indicate that cell proliferation is mainly regulated by
the phosphatidylinositol [34], JAK-STAT [35,36], and PIK3-AKT-
mTOR signaling pathways [37,38]. The signaling molecules in-
side and outside the cells initiate a proliferation-related sig-
naling pathway and tightly regulate cell proliferation under
the action of various positive and negative regulatory factors.
When there exists an imbalance in this regulation, abnormal
cell proliferation can manifest, which may cause tumorigene-
sis and development [39,40].

Hepatocytes have a strong ability to regenerate, and this abil-
ity is initiated when liver tissue is damaged. The regenera-
tion process is closely regulated by various cytokines, growth
factors and hormones. Our previous research had indicated
that TMUBL is a protein associated with cell cycle progress-
ing during liver regeneration [41]. After 70% hepatectomy,

TMUB1 expression was upregulated in regenerated liver tis-
sue and suppressed hepatocyte proliferation. Recent studies
have shown that TMUB1 overexpression suppresses hepato-
cyte proliferation by reducing the expression of cell cycle re-
lated genes. Conversely, interfering expression of TMUB1 obvi-
ously promoted proliferation of hepatocyte. However, whether
the inhibitory effect of TMUB1 on hepatocytes is also present
in HCC cells has not been reported.

We collected 132 cases of HCC and analyzed differences in the
tumor size, HCC differentiation, TNM stage, extrahepatic me-
tastasis, lymph node metastasis, vascular invasion, and prog-
nosis of patients in the TMWUB1 high expression group and
the TMUB1 low expression group. We found that TMUB1 was
negatively correlated with HCC malignancy, and low expres-
sion of TMUB1 indicated poor prognosis. Furthermore, cell ex-
periments confirmed that TMUB1 expression suppressed the
proliferation of HCC cells but not the metastasis of HCC cells.
Recent research has indicated that TMUB1 can inhibit the bio-
logical activity of STAT3, and STAT3 and STAT1 have antago-
nistic effects. Therefore, we analyzed the correlation between
the expression of TMUB1 and the expression of STAT1 in 132
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Figure 5. TMUB1 suppresses HCC proliferation via regulating STAT1. (A) An EdU assay indicated that the STAT1 interference plasmid
rescued the inhibition of TMUB1 on the proliferation of MHCC97h cells. (B) Western blotting detected TMUB1, STAT1
and CCND1 proteins in MHCC97h cells. (C) An EdU assay indicated that the STAT1 overexpression plasmid rescued the
promotion of shTMUB1 on the proliferation of Huh7 cells. (D) Western blotting detected TMUB1, STAT1, and CCND1 proteins
in Huh7 cells. TMUB1 — transmembrane and ubiquitin-like domain-containing protein 1; HCC — hepatocellular carcinoma;
STAT1 - signal transducer and activator of transcription 1; EdU — 5-ethynyl-2’-deoxyuridine.

Figure 6. Mechanism diagram.
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cases of HCC. The expression of TMUB1 and STAT1 was posi-
tively correlated, and then confirmed by molecular experi-
ments. TMUB1 promotes STAT1 expression while inhibiting
the expression of the CCND1.

STAT1 is important part of JAK/STAT pathway and is a key
molecule in various interferon-mediated biological processes.
Current research has indicated that the expression of STAT1
is downregulated in a variety of tumor cells, and low STAT1
expression in tumor patients often indicates poor progno-
sis [42-44]. STAT3 and STAT1 have antagonistic effects, and
the balance of STAT3 and STAT1 expression and activity is criti-
cal in maintaining the regulatory effect on downstream cyto-
kines and growth factors [45,46]. STAT3 and STAT1 compete
for binding the same receptor, target promoter and other co-
factors. For example, competitive binding to IFN gamma re-
ceptor (IFNGR) contains an essential domain involved in JAK
activation via tyrosine phosphorylation, and upregulation of
STAT1 will affect STAT3 phosphorylation [47]. The DNA binding
sequence of STAT1 and STAT3 is 72% identical. Upregulation of
STAT1 expression will affect the binding of STAT3 to its down-
stream gene promoter and thus inhibit the expression of genes
downstream of STAT3 [48,49]. Both STAT1 and STAT3 can be
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expressed in many isoforms, and these isoforms can affect the
formation of STAT3 and antagonize STAT3 function. Previous
studies have shown that TMUB1 can inhibit the phosphoryla-
tion but not the expression of STAT3 [50]. Our results reveal
that TMUBI1 affects STAT1 expression and can inhibit HCC cell
proliferation by regulating 2 key molecules, STAT1 and STAT3,
in JAK/STAT signaling pathways. However, the specific mech-
anism by which TMUB1 inhibits STAT3 phosphorylation and
promotes STAT1 expression remains unclear and needs fur-
ther study (Figure 6).

Conclusions

TMUB1 suppresses hepatocellular carcinoma proliferation via
regulating STAT1.
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