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Methionine represses the autophagy of gastric cancer stem cells via promoting 
the methylation and phosphorylation of RAB37
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ABSTRACT
This study focused on the role of methionine (MET) in the autophagy of gastric cancer stem cells 
(GCSCs) and aims to elaborate its regulatory mechanism.

In the present study, the GCSCs were isolated from human gastric cancer cell lines using an 
anti-CD44 antibody, and then cultured in MET+ homocysteine (HCY)− or MET−HCY+ medium.

In MET+HCY–treated GCSCs, autophagy was suppressed, the methylation and phosphorylation 
of RAB37 were elevated, and miR-200b expression was down-regulated. Lentiviral vector (LV-) 
carrying methionine-γ lyase (an enzyme that could specifically lyse MET; Metase) promoted 
autophagy, reduced the methylation and phosphorylation of RAB37, and up-regulated miR- 
200b expression in MET+HCY–-treated GCSCs. Then, we found that miR-200b suppressed the 
expression of protein kinase C α (PKCα), a protein that could inactivate RAB37 through promoting 
its phosphorylation. LV-Metase down-regulated RAB37 phosphorylation via miR-200b/PKCα, thus 
promoting the RAB37-mediated autophagy and suppressing cell viability in MET+HCY–treated 
GCSCs. Finally, the in vivo study proved that LV-Metase treatment inhibited tumor growth through 
up-regulating RAB37 expression.

In conclusion, MET suppressed RAB37 expression via enhancing its methylation and sup-
pressed RAB37 activity via miR-200b/PKCα axis, thus repressing RAB37-mediated autophagy in 
GCSCs. The supplementation of Metase lysed MET, thus inducing the autophagy of GCSCs and 
inhibiting tumor growth.
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Introduction

Cancer stem cells (CSCs) are a subtype of cells in 
the tumor cell population with the characteristics 
of self-renewal and tumor-initiating [1]. Currently, 
gastric cancer stem cells (GCSCs) are regarded as 
the major cause of the invasion, metastasis, and 
resistance to chemotherapy of gastric cancer [2].

Autophagy, a process of resolving and recycling 
proteins and damaged cellular organs, has been 
considered to play a dual role in tumor formation 
and progression [3,4]. Recent evidence suggests 
that autophagy contributes to stemness loss of 

CSCs [5]. Besides, it has been proved that autop-
hagy reduces the chemoresistance of GCSCs via 
the Notch signaling pathway [6], confirming that 
autophagy could exert its antitumor effect on gas-
tric cancer by targeting GCSCs.

Methionine (MET) is one of the indispensable 
amino acids in the body. Cao et al. [7] found that 
human primary gastric cancer cells were MET- 
dependence, a MET-free environment strength-
ened the effect of chemotherapy on gastric cancer 
cells. Besides, methionine-γ lyase (Metase), an 
enzyme that could specifically lyse MET, sup-
pressed the proliferation of GCSCs through lysing 
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MET in cellular supernatant [8], indicating that 
MET is a promoter for GCSCs proliferation and 
Metase exhibits its anti-tumor effect via lysing 
MET. In addition, through the catalysis of MET 
adenosine transferase, MET converts to S-adenosyl 
methionine (SAM) directly and provides methyl 
units for a variety of reactions such as methylation 
of proteins, DNA and RNA [9]. Recently, MET has 
been shown to be involved in the regulation of 
autophagy by promoting the methylation process. 
Sutter et al. [10] reported that in yeast cells, MET 
induced the methylation of protein phosphatase 
2A through synthesizing SAM, thus inhibiting 
autophagy and promoting cell growth. While, 
whether MET inducing GCSCs proliferation via 
regulating autophagy is still unknown.

RAB37 is a small GTPase protein and responsible 
for intracellular signal transduction and vesicle traf-
ficking. Recent research revealed that RAB37 
directly bound to autophagy-related gene 5 
(ATG5) and promoted autophagosome formation 
in a GTP-dependent manner, thus inducing autop-
hagy and suppressing tumor growth [11]. The 
expression and activity of RAB37 can be regulated 
by many pathways. In nasopharyngeal carcinoma 
and lung cancer, RAB37 has been proved to be 
down-regulated by the hypermethylation of its pro-
moter [12,13]. While whether MET plays a role in 
the hypermethylation of RAB37 remains to be 
further explored. Meanwhile, as a GTPase protein, 
RAB37 was inactive when bound to GDP and 
switch to an active form when bound to GTP [14]. 
Tzeng et al. [15] reported that protein kinase C α 
(PKCα) phosphorylated RAB37 on threonine-172, 
abrogates RAB37 GTP binding site, thus repressing 
the activity of RAB37. An online bioinformatics 
database (starbase) forecasted there was an inter-
play between the mRNA of PKCα and miR-200b, 
a miRNA that has been proved to be hypermethy-
lated under high glucose environment and its 
hypermethylation can be regulated by SAM [16], 
hinting that MET could mediate the activity of 
RAB37 via miR-200b/PKCα axis.

Herein in this study, we explored the role of 
MET in GCSCs autophagy and elaborated on the 
regulatory mechanism of MET on RAB37 in the 
light of methylation and phosphorylation, aim-
ing to get new insight into the pathogenesis of 
gastric cancer.

Materials and methods

Cell culture and GCSCs isolation

Human gastric cancer cell lines, BGC-823 and 
SGC-7901 (Cell Bank of Chinese Academy of 
Sciences, China) were cultured in RPMI 1640 
medium (Gibco, USA) containing 10% fetal bovine 
serum (FBS; Gibco, USA) at 37°C with 5% CO2.

For the isolation of GCSCs, the BGC-823 and 
SGC-7901 cells were cultured in a conditioned 
medium as previously reported [17]. Seven days 
later, the BGC-823 and SGC-7901 formed sphere- 
like cell aggregates. Then, cells were harvested, 
stained with anti-CD44-FITC (BD Biosciences, 
USA) at 4°C for 1 hour, and sorted by BD 
FACSAria III cell sorter. After sorting, the CD44− 

and CD44+ BGC-823 and SGC-7901 cells were 
cultured in the MET-free medium, and the expres-
sion levels of miR-200b, RAB37, PKCα, microtu-
bule-associated protein light chain 3 (LC3) I, 
LC3II, and P62 were measured.

To explore the effect of MET on GCSCs, CD44+ 

BGC-823 and CD44+ SGC-7901 cells were cultured 
in MET− homocysteine (HCY, 100 μM)+ or MET 
(100 μM)+HCY− medium. Ninety-six hours later, 
the cells were harvested for the following tests.

Cell transfection

When the cells were cultured to 80% confluence, 
cells were transfected with RNAi-vector (si-PKCα) 
or micro RNA inhibitor (miR-200b inhibitor) or 
micro RNA mimic (miR-200b mimic) or their rela-
tive negative controls (si-RNC, NC inhibitor, and 
NC mimic) using Lipofectamine 2000 (Invitrogen, 
USA) according to the manufacturer’s instructions.

To supplement Metase, the lentivirus expressed 
Metase (LV-Metase) and its negative control (LV- 
control) were synthesized by Ribobio (China). The 
appropriate volume of virus particles was calcu-
lated by the multiplicity of infection (MOI) and 
added in the cell culture medium.

Quantitative RT-PCR

Total RNAs were isolated from cells using an RNA 
Isolation Kit (Merck, USA). Complementary DNA 
was obtained with a One-step RNA Reverse 
Transcription kit (Hai Gene, China). Quantitative 
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Real-time PCR was performed in triplicate with 
SYBR Premix Ex Taq II kit (TaKaRa, USA). 
Gene expressions were calculated by the 2−∆∆CT 

method and the relative expressions of them were 
normalized to β-actin or U6.

Western blot

The determination of protein levels of PKCα, 
P-RAB37, RAB37, LC3I, LC3II, P62 were done 
by western blot with total protein purified from 
cell lysate or tumor xenografts by RIPA lysis buffer 
(Cwbio, China). Proteins were subjected to 10% 
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and then transferred to PDVF membrane 
(ThermoFisher Scientific, USA). After being 
blocked with 5% bull serum albumin for 30 min, 
membranes were incubated with primary antibody 
(against PKCα, P-RAB37, RAB37, LC3B, and P62, 
all purchased from Abcam, UK). After 12 h, the 
membranes were incubated with the secondary 
antibodies (ab205718, Abcam, UK). Immunoblots 
were visualized in IBright FL1500 Intelligent 
Imaging System (ThermoFisher, USA) and 
GAPDH was used as an internal control.

Cell viability assay

The cell viability was assessed by methyl thiazolyl 
tetrazolium (MTT) assay. Briefly, the cells of each 
well were incubated with 10 μl MTT (Cwbio, 
China) for 4 h at 37°C in the dark. Then, the 
supernatant was removed and formazan crystals 
were dissolved by dimethyl sulfoxide (DMSO, 
150 µl/well) at 37°C for 15 min. The absorbance 
intensity was measured at 490 nm and the cell 
viability (%) = (mean absorbance in test wells)/ 
(mean absorbance in control wells) ×100.

Methylation-specific PCR

For methylation-specific PCR (MSP), genomic 
DNA was isolated from CD44+ BGC-823 and 
SGC-7901 cells using PureLink™ Genomic DNA 
Mini Kit (Thermo Fisher, USA). 2 μg of genomic 
DNA was modified by bisulfite using Bisulfite 
DNA Modification Kit (Yantuo biotechnology co. 
LTD, China). Primers specific for the unmethy-
lated sequence (U) and primers specific for the 

methylated sequence (M) were designed near the 
promoter region of RAB37 and miR-200b, and the 
bisulfite-modified genomic DNA was used as the 
template for PCR analysis.

Quantification of apoptosis

CD44+ BGC-823 and SGC-7901 cells were seeded 
in 6-well plates at 4�105 cells/well. When the cells 
were cultured to 80% confluence, cells were col-
lected and washed with PBS. Apoptosis was mea-
sured using the Annexin V-FITC Apoptosis 
Detection Kit (Univ-bio, China). In brief, cells 
were resuspended in 300 μl Binding Buffer and 
incubated with 5 μl Annexin V-FITC for 15 min 
at room temperature in the dark. Then, 5 μl 
Propidium Iodide Staining Solution was added to 
the cells. Five minutes later, cell apoptosis was 
measured by the CytoFLEX flow cytometer 
(Beckman Coulter) immediately.

Dual-luciferase reporter gene assay

To verify the combination of miR-200b and PKCα, 
the sequences of PKCα were amplified and inserted 
into pGL3-basic plasmids. 0.5 μg plasmid and 20 nM 
miR-200b mimic or its negative control (NC mimic) 
were co-transfected in well-grown 293 T cells by 
using lipofectamine 2000 (ThermoFisher, USA). 
Forty-eight hours after transfection, the cells were 
lysed and the activities of Renilla luciferase and fire-
fly luciferase were measured with Dual-luciferase 
Reporter Assay Kit (Promega, China) following the 
manufacturer’s protocol.

Mouse xenograft models

BALB/c-nu/nu nude mice (4–6 weeks old, female) 
were purchased from Laboratory Animal 
Resources, Chinese Academy of Sciences (Beijing, 
China). For the establishment of the xenograft 
model, 32 mice were randomly divided into 4 
groups. In the LV-Metase group (n = 8) or LV- 
control group (n = 8), CD44+BGC-823 cells were 
infected with LV-Metase or LV-control. Then, 
5 × 106 cells were diluted in 200 μl of RPMI- 
1640 and injected subcutaneously into mice. In 
the LV-Metase+LV-sh-RAB37 group (n = 8) or 
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LV-Metase+LV-sh-RNA (the negative control of - 
sh-RAB37) group (n = 8), CD44+BGC-823 cells 
were infected with LV-Metase+LV-sh-RAB37 or 
LV-Metase+LV-sh-RNA. Then, 5 × 106 cells were 
diluted in 200 μl of RPMI-1640 and injected sub-
cutaneously into the same position of mice. The 
tumor volumes of mice were measured at 5-day 
intervals. After 35 days, the mice were sacrificed 
and the tumor xenografts were collected for fol-
low-up experiments. All procedures during the 
experiment were approved by the Ethical 
Committee of The Second Affiliated Hospital of 
Nanchang University.

Statistical analysis

Experimental results were expressed as mean ± stan-
dard deviation (SD) and analyzed using GraphPad 
7.0 Prism. The differences were analyzed by Student 
t-test . Results were considered statistically signifi-
cant when P < 0.05.

Results

Autophagy was elevated in GCSCs

Firstly, GCSCs were isolated from human gastric can-
cer cell lines (BGC-823 and SGC-7901) using an anti-
body against CD44, a surface marker of stem cells [18] 
(Figure 1(a)). Subsequently, the CD44− and CD44+ 

cells were separated. As shown in Figure 1(b–e), 
compared with CD44− BGC-823 and CD44− SGC- 
7901 cells, the expressions of miR-200b and RAB37 
were increased while the expression of PKCα was 
decreased in CD44+ BGC-823 and CD44+ SGC-7901 
cells. Besides, the expression of P62 (a selective sub-
strate for autophagy [19]) was decreased and the 
LC3II/LC3I ratio was up-regulated (Figure 1(f)) in 
CD44+ cells, indicating an increase of autophagy in 
GCSCs.

MET increased the methylation and 
phosphorylation of RAB37 and suppressed 
autophagy in GCSCs

To explore the effect of MET on GSCSs, the 
CD44+ BGC-823 and CD44+SGC-7901 (herein-
after referred to as BGC-823 and SGC-7901) 
were cultured in MET−HCY+ or MET+HCY− 

medium. The methylation level of RAB37 and 
miR-200b, measured by MSP, showing that 
MET supplementation increased the methylation 
level of RAB37 and miR-200b (Figure 2(e)), 
resulted in clear declines in their expressions 
(Figure 2b,c,f) in BGC-823 and SGC-7901 cells. 
Besides, MET supplementation up-regulated the 
expressions of PKCα (Figure 2(a,f)) and P-RAB37 
(Figure 2(f)) in BGC-823 and SGC-7901 cells. 
Meanwhile, compared with MET−HCY+-treated 
GCSCs, MET+HCY–-treated GCSCs exerted 
higher cell viability (Figure 2(d)), lower autop-
hagy (Figure 2(g)), while the cell apoptosis 
didn’t change (Figure 2(h,i)). Further experi-
ments showed that the protective effect of MET 
on cell viability could be eliminated by autophagy 
activator rapamycin (Supplemental Figure 1b–d), 
indicating that MET preserved cell viability of 
GCSCs by suppressing autophagy.

Figure 1. Autophagy was elevated in gastric cancer stem cells 
(GCSCs).
(a) GCSCs were isolated from gastric cancer cell lines (BGC-823 
and SGC-7901) using an anti-CD44 antibody. The expression 
levels of (b) miR-200b, (c) protein kinase C α (PKCα), and (d) 
RAB37 were determined in CD44− and CD44+ BGC-823 and 
SGC-7901 cells by qRT-PCR. The protein levels of (e) PKCα and 
RAB37; (f) microtubule-associated protein light chain 3 (LC3) I, 
LC3II, and P62 were determined in CD44− and CD44+ BGC-823 
and SGC-7901 cells by western blot, GAPDH was used as an 
internal control. The LC3II/LC3I ratio was calculated by Image J. 
*P < 0.05 vs CD44−. 
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Metase supplementation reduced the 
methylation and phosphorylation of RAB37 and 
promoted autophagy in GCSCs

To further confirm the effect of MET on GCSCs, 
we overexpressed Metase (an enzyme that could 
specifically lyse MET) in BGC-823 and SGC-7901 
cells by LV-Metase transfection. As shown in 
Figure 3(a,b,e,f), Metase supplementation restored 
the expression of RAB37 and miR-200b via 

repressing their promoter methylation. What’s 
more, Metase supplementation down-regulated 
the expressions of PKCα (Figure 3(c,f)) and 
P-RAB37 (Figure 3(f)). Then, compared with LV- 
control, LV-Metase effectively elevated LC3II/LC3 
ratio in MET+HCY–-treated GCSCs (Figure 3(g)), 
indicating that LV-Metase reversed the inhibitory 
effect of MET on autophagy of GCSCs, thus redu-
cing the cell viability of GCSCs in the presence of 
MET (Figure 3(d)).

miR-200b negatively regulated PKCα expression 
in GCSCs

An online bioinformatics database (starbase) pre-
dicted there were several potential binding sites 
between miR-200b and PKCα (Figure 4(a)). The 
following Dual-luciferase Reporter Assays showed 

Figure 2. MET increased the methylation and phosphorylation 
of RAB37 and suppressed autophagy in GCSCs.
The CD44+ BGC-823 and CD44+SGC-7901 (hereinafter referred to as 
BGC-823 and SGC-7901) were cultured in MET−homocysteine 
(HCY)+ or MET+HCY− medium. The expressions of (a) PKCα, (b) 
miR-200b, and (c) RAB37 were determined by qRT-PCR. (d) The 
cell viability was assessed by methyl thiazolyl tetrazolium (MTT) 
assay. (e) The methylation levels of RAB37 and miR-200b promoters 
were measured by Methylation-specific RCR (MSP). U results with 
primers specific for unmethylated sequences.M results with primers 
specific for methylated sequences. The protein levels of (f) PKCα, 
P-RAB37 and RAB37; (g) LC3I, LC3II, and P62 were determined by 
western blot, GAPDH was used as an internal control. The LC3II/LC3I 
ratio was calculated by Image J. (h and i) The cell apoptosis was 
assessed by flow cytometry.*P < 0.05 vs MET−HCY+. 

Figure 3. Metase supplementation reduced the methylation 
and phosphorylation of RAB37 and promoted autophagy in 
GCSCs.
BGC-823 and SGC-7901 cells were cultured in MET− HCY+ or 
MET+HCY− medium with or without the infections of lentivirus 
vector (LV)-Metase or its negative control (LV-control). The 
expressions of (a) RAB37, (b) miR-200b, and (c) PKCα were 
determined by qRT-PCR. (d) The cell viability was assessed by 
MTT assay. (e) The methylation levels of RAB37 and miR-200b 
promoters were measured by MSP. U results with primers 
specific for unmethylated sequences. M results with primers 
specific for methylated sequences. The protein levels of (f) 
PKCα, P-RAB37 and RAB37; (g) LC3I, LC3II, and P62 were deter-
mined by western blot, GAPDH was used as an internal control. 
The LC3II/LC3I ratio was calculated by Image J.*P < 0.05 vs 
MET−HCY+, #P < 0.05 vs MET+HCY−+LV-control. 
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that miR-200b mimic significantly reduced the 
luciferase activity of PKCα-wt, while neither 
miR-200b mimic nor NC mimic affected the luci-
ferase activity of PKCα-mut (Figure 4(b)). 
Furthermore, miR-200b was overexpressed or 
silenced in GCSCs utilizing the transfections of 
miR-200b mimic or miR-200b inhibitor, respec-
tively (Figure 4(c)). The results of Figure 4(d,e) 
depicted that the expression of PKCα was down- 
regulated by miR-200b mimic and up-regulated by 
miR-200b inhibitor.

miR-200b/PKCα axis was involved in the 
promoting effect of Metase on autophagy of 
GCSCs by regulating RAB37 phosphorylation

In the previous experiments, we found that the sup-
plementation of Metase elevated autophagy of 
GCSCs (Figure 3(g)), to explore whether miR-200b 
and PKCα took part in this process, a series of 
follow-up experiments were carried out. The BGC- 
823 and SGC-7901 cells were transfected with LV- 
Metase+miR-200b inhibitor or LV-Metase+miR- 

200b inhibitor+si-PKCα or LV-Metase+correspond-
ing controls (NC inhibitor or si-RNA) and then all 
cells were cultured in MET+HCY− medium. The 
transfection of miR-200b inhibitor effectively 
silenced miR-200b expression (Figure 5(c)) and 
increased PKCα expression (Figure 5(b,e)). The 
transfection of si-PKCα effectively silenced PKCα 
expression (Figure 5(b,e)). While neither the miR- 
200b inhibitor nor si-PKCα could affect RAB37 
expression (Figure 5(a,e)). Furthermore, si-PKCα 
down-regulated P-RAB37 expression in the presence 
of miR-200b inhibitor (Figure 5(e)), thus restoring 
the RAB37 activity, eliminating the inhibitory effect 
of the miR-200b inhibitor on autophagy (figure 5(f)), 
and removing the promoting effect of the miR-200b 
inhibitor on cell viability (Figure 5(d)). These above 
data indicating that miR-200b suppressed the phos-
phorylation of RAB37 via negatively regulated PKCα 
expression, thus inducing the autophagy of GCSCs. 

Figure 4. miR-200b negatively regulated PKCα expression in 
GCSCs.
(a) An online bioinformatics database (http://starbase.sysu.edu. 
cn/) predicted the binding sites between miR-200b and PKCα. 
(b) The luciferase activities of wild type PKCα (wt) and mutation 
PKCα (mut) were detected in 293 T cells which were transfected 
with miR-200b mimic or its negative control (NC mimic). The 
expressions of (c) miR-200b and (d) PKCα in BGC-823 and SGC- 
7901 cells which were transfected with miR-200b mimic or miR- 
200b inhibitor were measured by qRT-PCR. (e) The protein level 
of PKCα in BGC-823 and SGC-7901 cells which were transfected 
with miR-200b mimic or miR-200b inhibitor was measured by 
western blot, GAPDH was used as an internal control.*P < 0.05 
vs NC mimic, #P < 0.05 vs NC inhibitor. 

Figure 5. miR-200b/PKCα axis was involved in the promoting 
effect of Metase on autophagy of GCSCs by regulating the 
phosphorylation level of RAB37.
The BGC-823 and SGC-7901 cells were transfected with LV- 
Metase+miR-200b inhibitor or LV-Metase+miR-200b inhibitor 
+si-PKCα or LV-Metase+corresponding controls (NC inhibitor 
or si-RNA) and then all cells were cultured in MET+HCY− med-
ium. The expressions of (a) RAB37, (b) PKCα, and (c) miR-200b 
were determined by qRT-PCR. (d) The cell viability was assessed 
by MTT assay. The protein levels of (e) PKCα, P-RAB37 and 
RAB37; (f) LC3I, LC3II, and P62 were determined by western 
blot, GAPDH was used as an internal control. The LC3II/LC3I 
ratio was calculated by Image J.*P < 0.05 vs MET+HCY−+ LV- 
Metase+NC inhibitor, #P < 0.05 vs MET+HCY−+LV-Metase+ miR- 
200b inhibitor+si-RNA. 
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Considering that Metase could up-regulate miR- 
200b expression by reducing its methylation 
(Figure 3(e)), we concluded that Metase suppressed 
the phosphorylation level of RAB37 via miR-200b/ 
PKCα axis, thus promoting the RAB37-mediated 
autophagy of GCSCs.

Metase suppressed tumor growth by enhancing 
the expression and activity of RAB37 in vivo

We further validated our in vitro findings in the 
xenograft mouse model. As the results showed, on 
the one hand, Metase supplementation up-regulated 
the miR-200b expression (Figure 6(c)) and down- 
regulated the PKCα expression (Figure 6(e,f)), thus 
reducing the phosphorylation level of RAB37 (Figure 
6(f)), on the other hand, Metase supplementation 
could directly elevate RAB37 expression (Figure 6(d, 
f)). What’s more, the LV-Metase significantly 
increased autophagy (Figure 6(g)), resulting in 
a decrease in tumor volume (Figure 6(a,b)) without 
affecting body weight in mice (P > 0.05; Supplemental 
Figure 1(a)). On the contrary, the RAB37 slicing 
abolished thepromoting effect of LV-Metase on 
autophagy (Figure 6(g)) and the inhibitory effect of 
LV-Metase on tumor growth (Figure 6(a)), indicating 
that the anti-tumor effect of Metase depended on 
RAB37-mediated autophagy.

Discussion

Compelling evidences demonstrate GCSCs as 
a strong driving force of tumorigenesis and a key 
mechanism of therapeutic resistance [20]. 
Therefore, elucidating the molecular mechanism 
regulating the stemness of GCSCs is of great sig-
nificance for the clinical treatment of gastric can-
cer. The present study, performed in GCSCs 
(isolated from human gastric cancer cell lines) 
and the xenograft mouse model, discovered that 
MET suppressed the autophagy of GCSCs via sup-
pressing the expression and activity of RAB37, 
while the supplementation of Metase could indu-
cing the autophagy of GCSCs and inhibited the 
tumor growth via lysing MET.

MET is an essential amino acid required by all 
cells. HCY is the direct precursor of MET [7]. In 
vitro, MET and HCY could be converted into each 
other. Normal cells can grow well in the 

environment containing HCY instead of MET. 
However, in MET−HCY+-cultured tumor cells, 
though MET could be synthesized from HCY by 
an active MET synthase, the MET level not ade-
quate to both sustain growth and meet their high 
transmethylation requirements, resulting in the 
suppression of cell proliferation [21,22]. This phe-
nomenon is called MET-dependence. Several 
researchers used MET−HCY+ as the control of 
MET+HCY− medium in vitro [7,21,22]. In the 
present study, compared with MET−HCY+ med-
ium-cultured GCSCs, the MET+HCY− medium- 
cultured GCSCs exhibited higher cell viability 
and reduced autophagy (Figure 2(d,g)), indicating 
that GCSCs was MET-dependence. So we won-
dered whether LV-Metase could inhibit GCSCs 
viability through lysing MET. As expected, LV- 
Metase suppressed cell viability via inducing 
autophagy in MET+HCY− medium-treated 

Figure 6. Metase suppressed tumor growth by enhancing the 
expression and activity of RAB37 in vivo.
The xenograft mice were randomly divided into 4 groups: LV- 
control (n = 8), LV-Metase (n = 8), LV-Metase+LV-sh-RAB37 (n 
= 8), and LV-Metase+LV-sh-RNA (n = 8). (a) The tumor volume of 
each mice was measured. (b) The representative tumor pictures of 
mice in each group. The expressions of (c) miR-200b, (d) RAB37, and 
(e) PKCα were determined by qRT-PCR. The protein levels of (f) 
PKCα, P-RAB37 and RAB37; (g) LC3I, LC3II, and P62 were determined 
by western blot, GADPH was used as an internal control. *P < 0.05 vs 
LV-control, #P < 0.05 vs LV-Metase+LV-sh-RNA. 
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GCSCs (Figure 3(g)) and inhibited the tumor 
growth in the xenograft mouse model (Figure 6 
(a)). In line with our study, Kreis et al. [23] found 
that Metase supplementation could effectively sup-
press the Walker-256 sarcoma tumor growing in 
rats. These data confirming the potential anti- 
tumor effects of Metase on several types of cancer. 
Then, the following experiments revealed that the 
inhibitory effect of Metase on cell viability relied 
on its regulatory effect on the methylation and 
phosphorylation of RAB37.

According to the latest research, RAB37 func-
tion as an organizer for autophagosome biogenesis 
by interacting with ATG5 [24], indicating that 
RAB37 may take part in the regulation of cancer 
progression via promoting autophagy. As an 
enzyme, the expression and activity of RAB37 are 
essential for the maintenance of its normal func-
tion. In our study, we found that MET directly 
reduced RAB37 expression via enhancing its 
methylation (Figure 2(e)) and indirectly reduced 
RAB37 activity via regulating the miR-200b/PKCα 
axis (Figures 2(b) and 4), thus suppressing RAB37- 
mediated autophagy and promoting cell viability 
of GCSCs (Figure 2). Through elevating RAB37 
expression and reducing RAB37 phosphorylation, 
Metase efficiently inhibited the growth of GCSCs 
in vivo (Figure 6). In the past, researchers investi-
gated the anti-tumor effect of RAB37 from the 
perspective of regulating vesicular transport 
[25,26]. Herein in our study, we firstly reported 
the inhibitory effect of RAB37 on tumor growth 
via promoting the autophagy of GCSCs.

Several studies have indicated miR-200b as 
a tumor suppressor in gastric cancer. For example, 
Kurashige et al. [27] demonstrate that miR-200b 
repressed cell proliferation, invasion, and migra-
tion by targeting E-box-binding homeobox 2 in 
gastric carcinoma. Tang et al. [28] reported that 
the low miR-200b expression was a marker of poor 
gastric cancer prognosis. Besides, Zhao et al. [29] 
found that autophagy was activated by miR-200b 
inhibitor in the rat cardiac fibroblast, indicating 
miR-200b could function as a regulator of autop-
hagy. However, whether miR-200b could regulate 
the progression of gastric cancer via modulating 
autophagy is still unknown. In the present study, 
we found that the miR-200b inhibitor suppressing 
RAB37-mediated autophagy via promoting PKCα- 

induced RAB37 phosphorylation, thus eliminating 
the inhibitory effect of Metase on cell viability of 
GCSCs (Figures 4 and 5). In line with our study, 
Liu et al [30] also reported that miR-200b over-
expression inhibited the stemness properties and 
division of the glioma stem cells, suggesting that 
miR-200b may be a promising target for modulat-
ing stemness of cancer stem cells.

In conclusion, the current study revealed that 
MET suppressed the autophagy of GCSCs through 
RAB37, and elucidated the regulation effect of 
MET on RAB37 from two aspects: on the one 
hand, MET down-regulated RAB37 expression by 
promoting its methylation, on the other hand, 
MET could inhibit the activity of RAB37 via 
miR-200b/PKCα axis. Besides, our study clarified 
that the supplementation of Metase could induce 
the autophagy of GCSCs via lysing MET, provid-
ing novel perspectives for regulating the stemness 
of GCSC and the clinical treatment of gastric 
cancer.
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