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Abstract
The poor prognosis of hepatocellular carcinoma (HCC) patients is mainly due to cancer metastasis. Methionine adenosyl-
transferase 2β (MAT2B) encodes a regulatory subunit (β) for methionine adenosyltransferase. Previous studies reveal that 
MAT2B provides a growth advantage for HCC, but its role in metastasis is unknown. This study showed that both in the 
xenograft zebra fish model and in the lung metastasis model in nude mice, the stable inhibition of MAT2B could suppress the 
metastasis of HCC cancer cells. Silencing of MAT2B in HCC cell lines could remarkably inhibit migration and invasion. By 
analysis of human phospho-kinase array membranes, we found several differentially expressed proteins, including phosphor-
AKT, phospho-EGFR, phospho-Src family, phospho-FAK, phospho-STAT3 and phospho-ERK. We further confirmed the 
change of these EGFR pathway-related proteins was in accordance with MAT2B expression pattern through immunoblotting 
test. Finally, we found that MAT2B was overexpressed in HCC caner tissues and correlated with poor prognosis for HCC 
patients in clinical manifestation. Our study demonstrated that silencing of MAT2B could suppress liver cancer cell migra-
tion and invasion through the inhibition of EGFR signaling, which suggested that MAT2B might serve as a new prognostic 
marker and therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause 
of cancer death in the world [1]. Meanwhile, there are from 
0.25 to 1 million newly diagnosed HCC cases each year 
[2–4]. Cancer metastasis remains the major challenge to suc-
cessful management of malignant disease. The poor progno-
sis of HCC patients is also mainly due to cancer metastasis 

and recurrence. However, the underlying molecular mecha-
nism involved in the metastasis process of HCC remains to 
be elusive.

Methionine adenosyl transferase (MAT) is a critical 
cellular enzyme responsible for generating major methyl 
donor, S-adenosylmethionine (SAMe), by using methionine 
and adenosine triphosphate [5]. Two genes (MAT1A and 
MAT2A) encode the catalytic subunit (α1 and α2) of differ-
ent MAT isoforms, whereas a third gene (MAT2B) encodes 
a regulatory subunit (β) that modulates the kinetic properties 
of MAT2A-encoded isoenzyme [6].

MAT expression is switched from MAT2A to MAT1A 
during liver development, whereas it is reversed to MAT2A 
again during liver malignant transformation [7]. MAT1A is 
often silenced; instead, MAT2A and MAT2B are induced 
in liver cirrhosis and HCC patients [7–9]. Previous studies 
indicated that MAT2A overexpression promotes cancer cell 
proliferation and progression [10–12]. In addition, knock-
down MAT2A dramatically suppresses tumor cell prolifera-
tion and induces cell cycle arrest and apoptosis [13–15]. 
Therefore, the transcriptional change from MAT1A to 
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MAT2A is believed to play a critical role in facilitating can-
cer cell survival and proliferation [13, 16].

MAT2B is best known for regulation of MAT2A-encoded 
enzymatic activity; mounting evidence from previous stud-
ies has revealed a much broader role for MAT2B protein 
in cancer biology. For instance, MAT2B has been shown 
to offer a growth advantage in HCC [17], and most of the 
reports found a correlation between MAT2B and cancer cell 
proliferation, apoptosis and cell cycle arrest [13, 17–19]. 
However, to our knowledge, the role of MAT2B in progres-
sion and metastasis of HCC has not yet been explored.

In the current study, we tried to elucidate the functional 
contribution and the potential mechanisms of MAT2B in 
regulating the metastasis process of HCC. We revealed the 
correlation between MAT2B expression and clinicopatholog-
ical features of HCC patients and found that MAT2B plays 
a key role in migration and invasion of liver cancer cells 
and mediated the process through EGFR signaling pathway. 
Our data suggested that MAT2B might serve as a potential 
biomarker for prognosis and a promising target for therapy 
in liver cancer.

Materials and methods

IHC staining of human tumor tissue array 
and patient follow‑up

Human HCC tumor tissue array contained 80 patients with 
follow-up data, and IHC was stained with MAT2B-specific 
antibody against human MAT2B (Abcam, USA) by Shang-
hai Biochip (Shanghai, China), using the Dako Cytomation 
EnVision+ System-HRP (DAB) detection kit (Dako, USA). 
Briefly, the tissue array sections in 5 mm were dehydrated 
and subject to peroxidase blocking. MAT2B antibody was 
added at a dilution of 1:200 and incubated at room tempera-
ture for 30 min on the Dako Autostainer (Carpinteria, CA, 
USA) using the Dako Cytomation EnVisionþ System-HRP 
(DAB) detection kit. The slides were counterstained with 
hematoxylin. The stained slides were observed under micro-
scope, and images were acquired. Tumor differentiation was 
defined according to the edmondson grading system. The 
detailed clinicopathological characteristics are given in 
Table 1. 

HCC fresh tissue sample collection

Fresh HCC tissues and their adjacent liver tissues were 
collected from 16 patients undergoing resection of HCCs 
from February 2004 to December 2008 at Huashan Hos-
pital (Shanghai, China). HCC diagnosis was based on the 
World Health Organization criteria. Ethical approval was 

obtained from the research ethics committee of Huashan 
Hospital, and written informed consent was obtained from 
each patient.

Cell culture and reagents

Human liver cancer cell line HepG2 was obtained from the 
American Type Culture Collection (Manassas, VA, USA), 
and the highly spontaneous metastatic human HCC cell 
line LM6 [20, 21] was obtained from the Liver Cancer 
Institute, Zhongshan Hospital, Fudan University (Shang-
hai, China). SMMC-7721 was obtained from the Type Cul-
ture Collection of Chinese Academy of Sciences (Shang-
hai, China). HepG2 and LM6 were cultured in DMEM 
(Dulbecco’s modified Eagle’s medium) (Gibco, USA), and 
SMMC-7721 was cultured in RPMI-1640 (Gibco, USA), 
both containing 10% fetal bovine serum (Gibco, USA) and 
1% penicillin–streptomycin solution (Beyotime, China), 
at 37 °C with 5% CO2. Stable cell lines were selected and 
maintained in 2 mg/ml puromycin.

Table 1   Correlation of MAT2B expression with clinicopathological 
features of hepatocellular carcinoma patients

NA data not available
*p < 0.05 was considered statistically significant

Variable All patients MAT2B expression p

Low High

Gender 0.191
 Male 72 27 45
 Female 8 1 7

Age (years) 0.129
 ≤ 55 48 20 28
 > 55 32 8 24

Tumor size (cm) 0.010*

 ≤ 2 9 5 4
 2–5 27 14 13
 ≥ 5 44 9 35

Stage 0.765
 1 53 21 32
 2 9 3 6
 3 16 4 12
 4 2 0 2

Differentiation 0.578
 1 5 1 4
 2 52 21 31
 3 23 6 17

Tumor number 0.999
 ≤ 1 68 27 41
 > 2 12 1 11
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siRNA silencing

Liver cancer cells were transfected with siRNA oligonu-
cleotides using Lipofectamine RNAiMAX reagent (Invitro-
gen, USA). Briefly, siRNA and Lipofectamine RNAiMAX 
reagent were each incubated separately with Opti-MEM 
(Gibco, USA) for 5 min and mixed together for 20 min at 
room temperature, and then, the mixture was applied to 
the cells plated in 4 ml of medium (final concentration of 
siRNA is 60 nM). The sequences of siRNAs are as follows: 
for MAT2B, siMAT2B-1:5′-GAA​UGC​UGG​AUC​CAU​CAA​
UTT-3′, siMAT2B-2: 5′-GUU​UGA​AGA​AAG​GAA​CUU​
UTT-3′; and for control scrambled siRNA, siControl: 5′-TTC​
TCC​GAA​CGT​GTC​ACG​TTT-3′. All the above siRNA oli-
gonucleotides were synthesized by RiboBio (Shenzhen, 
China).

Wound healing assay

Cells from each cell line were seeded in 6-well plates at 
a density of 3 × 105 cells per well in complete DMEM 
or RPMI-1640 medium. Cells at 100% confluence were 
starved in serum-free medium for more than 12 h depend-
ent on different cell lines. Cells were then lightly and quickly 
scratched with a 200-μl pipette tip at the center of each 
well. After being removed of detached cells and washed 
with phosphate-buffered saline (PBS) three times, the cells 
were incubated with DMEM or RPMI-1640 supplemented 
with 10% FBS. The scratch wounds were photographed 
at 24 h under an inverted microscope (Leica, Germany). 
The moving distance was measured by ImageJ software 
(National Institutes of Health, USA). The formula which 
we used to calculate and analyze the healing index that rep-
resents the ability of cellular migration was (wound area 
(initial) − wound area (final))/wound area (initial) × 100%.

Kinetics of cell migration

To monitor cell migration in a label-free real-time man-
ner, we used an impedance-based xCELLigence real-time 
cell analyzer (RTCA) DP instrument (ACEA Biosciences, 
USA) equipped with a custom RTCA CIM-Plate, which is 
a 16-well system, and each well is composed of upper and 
lower chambers. The bottom surface of the upper chamber 
is composed of a microporous membrane coated with gold 
electrodes. Migration was measured as the relative imped-
ance change (cell index) across the upper chamber. For the 
experiments, the lower chambers were filled with fresh 
medium containing 10% FBS and the upper chambers were 
seeded into 5 × 104 cells per well diluted with serum-free 
medium. CIM plates were loaded into the RTCA station in 
the cell culture incubator immediately; cell index (CI) was 
measured periodically every 15 min. The data were analyzed 

using the provided RTCA software. Experiments were per-
formed in triplicate.

Human phospho‑kinase array test 
and immunoblotting

LM6 cells were treated with siMAT2B or siControl,both 
cell lysates were extracted with cell lysis buffer (Beyotime, 
China), and the protein concentration in the lysates was 
quantified using an Enhanced BCA Protein Assay Kit (Tian-
gen, China). Detection of 43 kinase phosphorylation sites 
was performed on human phospho-kinase array membranes 
(R&D Systems, USA) using 300 μg total protein lysates 
according to the manufacturer’s instructions. Protein sam-
ples with 30–50 μg were loaded for immunoblotting, using 
antibodies against phospho-EGFR (Thr669), phospho-Src 
family (Tyr416), phospho-FAK (Tyr397), phosphor-AKT 
(Ser473), phospho-STAT3 (Tyr705) (Cell Signaling Tech-
nology, USA, dilution: 1:1000), MAT2B (Abcam, USA, 
dilution: 1:1000), phospho-ERK (Tyr204) (Santa Cruz Bio-
technology, USA, dilution: 1:500) and Tubulin (Kangwei, 
China, dilution: 1:2000).

Xenografts in zebrafish

The liver cancer cells which were transfected with 
siMAT2B-1 and siControl for 24 h stained with 5-(and-
6)-carboxyfluorescein diacetate, succinimidyl ester (5(6)-
CFDA, SE; CFSE) (Life Technologies, USA). After labe-
ling, the cells were collected and resuspended in PBS before 
injection. Wild-type AB zebrafish embryos were dechori-
onated with sharp forceps at 48 h post-fertilization (dpf) 
and then anaesthetized with 0.02 mg/ml tricaine (Sigma-
Aldrich, USA). The anesthetized embryos were emplaced 
for microinjection in a dish which was coated with 1% 
agarose. Approximately 150–200 cells were injected into 
the yolk sac of embryos using an electronically regulated 
air-pressure micro-injector. Injected zebrafish embryos were 
maintained in E3 medium at 33 °C. At least 15 zebrafishes 
were randomly selected and then photographed by stereo 
microscope (Leica, Germany). The tumor mass was calcu-
lated and analyzed by ImageJ software.

Tumor formation assay

Five-week-old female athymic nude mice were purchased 
from the Shanghai Experimental Animal Center (Shang-
hai, China). LM6 cells which are stable transfected with 
shMAT2B or shControl cultured for 24 h were trypsinized, 
resuspended in PBS and then subcutaneously injected into 
the armpit with 1 × 106 cells per injection. Tumor size 
was measured by a vernier caliper weekly and calculated 
as (length × width2)/2. All procedures were performed in 



538	 Clinical and Experimental Medicine (2019) 19:535–546

1 3



539Clinical and Experimental Medicine (2019) 19:535–546	

1 3

accordance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals.

Statistical analysis

The statistical significance for the differences between 
groups was examined using the Prism6 software (Graph-
Pad Software, Inc., USA). The unpaired two-tailed t test 
was used for the comparison of parameters between two 
groups. We estimated the probabilities of overall survival 
rate according to the Kaplan–Meier method. For all the tests, 
three levels of significance (p < 0.05, p < 0.01 and p < 0.001) 
were used.

Results

High MAT2B expression predicted a poor prognosis 
in HCC patients

To investigate the clinical significance of MAT2B in HCC, 
we first examined the expression of MAT2B in tumor sites 
and adjacent liver tissues by immunohistochemistry (IHC) 
staining of human HCC tissue array containing 80 primary 
HCC tissues and their adjacent liver tissues. As shown in 
Fig. 1a, we found that MAT2B was overexpressed in the 
tumor tissues compared with adjacent liver tissues. Based 
upon the intensity of staining, we classified the samples into 
four groups with increasing staining intensity from weak (+) 
to the strongest (++++ , Fig. 1b). MAT2B expression was 
low (groups 1(+) and 2(++)) in most adjacent normal tis-
sues (66.3%), but it was high (groups 3(+++) and 4(++++)) 
in most of the liver cancer tissues (65.0%, Fig. 1c). We found 
that the mRNA level of MAT2B in HCC tissues was much 
higher as compared with their adjacent liver tissues (a total 
of 16 paired cancers versus adjacent samples, Fig. 1d). Then, 
we further quantified the protein level of MAT2B in HCC 
and adjacent tissues by immunoblotting (IB) analysis. As 
shown in Fig. 1e, f the level of MAT2B in tumor tissues 
was significantly higher than that in the surrounding adja-
cent liver tissues from the same patient. Next, we analyzed 

the correlation of MAT2B expression status (low expression 
versus high expression) with clinicopathological features 
of HCC patients. We found that the MAT2B expression in 
the HCC tissues was negatively correlated with the survival 
rate of the patients (Fig. 1g, p = 0.012). Moreover, MAT2B 
expression seemed to be positively correlated with tumor 
size (Table 1, p = 0.010). However, no correlation between 
MAT2B expression and other clinical parameters (e.g., age 
and tumor location) was observed. These results indicated 
that MAT2B overexpression may be required for liver tumo-
rigenesis. Thus, MAT2B overexpression has a potential to 
be developed as a prognosis biomarker for HCC patients.

MAT2B is a key factor for migration and invasion 
of liver cancer cells in vitro

To evaluate the role of MAT2B in the migration and invasion 
of liver cancer cells, we knocked down MAT2B in HepG2, 
LM6 and SMMC-7721 cells using two siRNA oligos target-
ing two well-identified regions of MAT2B sequences (named 
siMAT2B-1 and siMAT2B-2, respectively, Fig. 2a). MAT2B 
knockdown significantly inhibited the motility compared 
with scrambled control in HepG2, LM6 and SMMC-7721 
cells in wound healing assay in 24 h (Fig. 2b). Then, we 
further investigated the potential roles of MAT2B in migra-
tion ability using a real-time cell analyzer (RTCA) assay. As 
shown in Fig. 2c, MAT2B siRNA transfection significantly 
decreased the migration ability in all these three kinds of 
liver cancer cell lines. In addition, by matrigel-coated modi-
fied Boyden chamber assay, we also found that knockdown 
of MAT2B in liver cancer cells can inhibit the invasive prop-
erty compared to the negative control cells in the HepG2, 
LM6 and SMMC-7721 cell lines (Fig. 2d).

To further confirm the role of MAT2B in HCC devel-
opment, we overexpressed with MAT2B into SMMC-7721 
cells. Increased MAT2B was evident based on western blot 
analysis (Fig. 3a). Overexpression of MAT2B significantly 
promoted the motility compared with pcDNA3.1 control in 
SMMC-7721 cells in wound healing assay in 48 h (Fig. 3b), 
whereas RTCA assay showed that the migration ability was 
also elevated in MAT2B overexpression group (Fig. 3c). 
Thus, overexpression of MAT2B led to increased cell viabil-
ity and migration ability in SMMC-7721 cells.

MAT2B knockdown depressed the migration 
and metastasis of liver cancer cells in vivo

Based on these in vitro findings, we further hypothesized 
that the ability of in vivo tumor formation and metastasis 
ability of MAT2B silenced cells would be significantly 
impaired when compared with shControl cells. To address 
this research inquiry, we next evaluated the effect of MAT2B 
knockdown on tumorigenesis using LM6 xenograft model 

Fig. 1   MAT2B expression is elevated in human HCCs and negatively 
correlated with patient survival. a Representative image of IHC stain-
ing performed for human HCC tissue array using MAT2B-specific 
antibody, as described in “Materials and methods”. b and c Classi-
fication of samples according to the intensity of staining of MAT2B 
expression (n = 80). d qRT-PCR to measure relative expression levels 
of MAT2B in HCC tissue samples as compared with their adjacent 
liver tissue samples (n = 15). e IB analysis to determine expression 
of MAT2B in HCCs and adjacent liver tissues (n  =  16). A, adja-
cent liver tissues; T, HCC tumor tissues. f Quantification of MAT2B 
expression in HCCs and adjacent liver tissues (n = 16). g Correlation 
analysis of MAT2B expression status and patient survival (n = 80). 
Data are presented as the mean ± SEM (*p < 0.05, ****p < 0.0001)

◂
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of human HCCs with rapid growth upon transplantation 
into nude mice. We used lentiviral-transfected cell lines 
stably expressing shMAT2B and shControl in LM6 cells 
and then implanted the LM6 cells into the left or right flanks 
of nude mice, respectively. As shown in Fig. 4a, the tumor 
growth in the shMAT2B group was significantly inhibited by 
58.5% in 8 weeks when compared with that of the shControl 
group (average tumor volume: 150.8 mm3 ± 49.5 mm3 vs. 
362.9 mm3 ± 49.2 mm3, p = 0.009). Meanwhile, we found 
that the metastasis nudes in lung were also decreased in 
shMAT2B group (Fig. 4b). To confirm our findings, we 
further used zebrafish to detect the migration rate of both 
groups; we found that the tumor cell migration significantly 
decreased in the shMAT2B group than that of the shControl 
group (Fig. 4c).

MAT2B knockdown inhibited liver cancer cell 
migration partially through EGFR‑dependent 
signaling pathway

Since knockdown of MAT2B caused cells to exhibit less 
malignant phenotypes, we then tried to gain further insight 
into underlying molecular mechanism. Protein phosphoryla-
tion, especially kinase phosphorylation, is closely related to 
tumor metastasis. Thus, we firstly analyzed the phospho-
rylation profiles of kinases and their protein substrates by 
human phospho-kinase array. We found several epidermal 
growth factor receptor (EGFR) signaling pathway-related 
proteins were differentially expressed, including phosphor-
AKT, phospho-EGFR, phospho-Src family, phospho-FAK, 
phospho-STAT3 and phospho-ERK (Fig. 5a). Since p38 
mitogen-activated protein kinase (p38 MAPK) signaling cas-
cade was a major downstream of EGFR pathway, we further 
confirmed the changes of these proteins were along with the 
change of MAT2B expression through immunoblotting test 
(Figs. 3d, 5b).

Discussion

HCC is the most common primary liver malignancy in 
adults [22–24]. The number of HCC-related deaths almost 
equals to the number of cases being diagnosed each year 

(more than 560,000), and the 5-year survival rate is below 
9% [25]. The poor prognosis of HCC is mainly because of 
cancer metastasis within or outside the liver. In past several 
years, numerous molecules have been reported to be vital 
in recurrence and metastasis of HCC, such as ras homolog 
gene family, epidermal growth factor-like domain, multiple 
7 (Egfl1) and micro-RNAs (miRNAs) [26–29]. However, the 
underlying mechanisms responsible for invasion and meta-
static of HCC are still not completely understood. Therefore, 
further understanding of the molecular mechanism under-
lying the progression of metastasis and identifying novel 
metastatic factors are important for HCC prevention as well 
as treatment.

As we know, MAT2B, which regulates MAT2A-encoded 
isoenzyme, is overexpressed in human cirrhosis and HCC 
and has been shown to confer a growth advantage [17]. In 
hepatocellular carcinoma (HCC), MAT1A is often silenced, 
whereas MAT2A and MAT2B are induced [7–9]. Although 
MATβ is best known for regulation of MATII enzymatic 
activity, many recent studies revealed a much broader role 
for MAT2B protein in cancer biology. Thus, our hypothesis 
was that MAT2B also serves a vital function in metastasis 
of HCC.

Firstly, by analyzing in wound healing assay and RTCA, 
we revealed that silencing of MAT2B could lead to the inhi-
bition of the migration and invasion ability in vitro and this 
simulation could be reversed when MAT2B was overex-
pressed in liver cancer cell lines. Secondly, we aimed to con-
firm whether downregulation of MAT2B can also inhibit the 
metastasis of liver cancer cells in vivo. After constructing 
lentiviral-transfected cell lines stably expressing shMAT2B 
and shControl in LM6 cells, we applied them into zebrafish 
and node mice model and found that silencing of MAT2B 
could lead to the suppression of the ability of tumor forma-
tion and metastasis ability in vivo.

Although the above results suggested that MAT2B was 
important in the metastasis process of HCC because we can 
partially inhibit liver cancer cell migration and metastasis 
through knockdown of MAT2B, the underlying mechanism 
remains unclear. Considering that protein phosphoryla-
tion is closely related to tumor metastasis, we hope to find 
some breakthroughs in protein phosphorylation chips. After 
unscrambling the phosphorylation profiles of kinases and 
their protein substrates by human phospho-kinase array, we 
found several EGFR signaling pathway-related proteins were 
differentially expressed in MAT2B knockdown group.

According to previous reports, EGFR system plays an 
essential role in cell proliferation, survival and migration 
and its alteration has been implicated in the development 
and growth of many tumors including HCC [30–33].Accord-
ingly, the overexpression of EGFR and some of its ligands 
have been correlated with more aggressive liver tumors and 
poor survival [34, 35]. The interactions between EGFR and 

Fig. 2   MAT2B knockdown inhibits liver cancer cell migration and 
invasion in  vitro. a MAT2B knockdown efficacy via two different 
siRNA silencing sequences (siMAT2B-1 and siMAT2B-2) assessed 
with IB analysis in HepG2, HCC-LM6 and SMMC-7721 cell lines. 
Transwell assays after incubation for 24h (b) and real-time cell 
analyzer (RTCA) assays (c) for assessing cell migration ability in 
HepG2, HCC-LM6 and SMMC-7721 cell lines. d Matrigel-coated 
modified Boyden chamber assays for assessing cell invasion ability in 
HepG2, HCC-LM6 and SMMC-7721 cell lines. Data are presented as 
the mean ± SEM (**p < 0.01, ***p < 0.001)

◂



542	 Clinical and Experimental Medicine (2019) 19:535–546

1 3

its ligands would trigger intracellular signaling pathways 
resulting in the activation of extracellular signal-regulated 
kinase (ERK), c-jun NH2-terminal kinase (JNK) and p38 
mitogen-activated protein kinase (p38 MAPK) through the 
ras/raf/MEK/MAPK cascade, the protein kinase C (PKC) 
pathway, the PI3 K/Akt pathway (which can lead to NF-κB 
activation) and the STAT pathway [33, 36, 37]. Researchers 
also have found that MAT2B/GIT1 interplay is essential to 
MEK/ERK activation and could promote both hepatocellu-
lar carcinoma cell and colon cancer cell proliferation [38]. 
As mentioned above, the continuous activation of EGFR 
signaling is a hallmark of HCC and contributes to the 

proliferation, resistance to apoptosis and invasive behavior 
of HCC cells. Our results also showed that MAT2B silencing 
suppressed the phosphor-AKT, phospho-EGFR, phospho-
Src family, phospho-FAK, phospho-STAT3 and phospho-
ERK in HCC cancer cells. These results suggested that the 
molecular mechanism by which MAT2B inhibits the migra-
tion and invasion of HCC was partially through the EGFR 
signaling pathway.

Moreover, we found that MAT2B was overexpressed in 
human liver cancer tissues and the group of HCC patients 
with higher expression of MAT2B had shorter survival time. 
Our data also indicated that MAT2B expression may serve 

Fig. 3   Overexpression of MAT2B promotes migration in SMMC-
7721 cells. a MAT2B overexpression efficacy via three different 
plasmids (1#, 2# and 3#) assessed with IB analysis in SMMC-7721 
cell lines. b Transwell assays after incubation for 48h for assessing 
cell migration ability in SMMC-7721 cell lines. c Real-time cell ana-

lyzer (RTCA) assays for assessing cell migration ability in SMMC-
7721 cell lines. d IB analysis for indicated proteins, and MAT2B 
overexpression-induced p-EGFR, p-ERK and p-Src accumulation 
in SMMC-7721 cell lines. Data are presented as the mean ± SEM 
(*p < 0.05, **p < 0.01)
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Fig. 4   Silencing of MAT2B inhibits invasive growth of HCC-LM6 
cells in  vivo. a Images for xenograft tumor on the nude mouse are 
shown in the left panel and tumor growth curve is shown in the right 
panel. (n = 7 for shControl group and n=8 for shMAT2B group). b 
Representative H&E images of subcutaneous tumors and lung metas-

tasis nodes derived from shControl and shMAT2B HCC-LM6 cells. 
c Representative images of tumor cell migration ability in zebrafish 
model in both shMAT2B group and shControl groups. Data are pre-
sented as the mean ± SEM (*p < 0.05, **p < 0.01 and ***p < 0.001)
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as an independent predictor for prognosis of liver cancer 
patients, although this needs to be confirmed with a larger 
cohort study.

In summary, our current study has provided mechanistic 
insights into how MAT2B promotes liver cancer progression. 

EGFR pathway was identified as an important pathway 
involved in regulating liver cancer cell migration and metas-
tasis. MAT2B also serves as a potential biomarker for liver 
cancer prognosis.

Fig. 5   MAT2B knockdown suppresses human HCC progression 
through inactivation of EGFR. a Human Phospho-Kinase Array 
(R&D Systems, USA) for the relative expression of phosphorylation 
profiles of kinases and their protein substrates. b IB analysis for the 

indicated proteins and MAT2B silencing-induced downregulated 
expression of p-EGFR, p-ERK, p-FAK, p-STAT3, p-ERK and p-Src 
in HepG2, HCC-LM6 and SMMC-7721 cell lines
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