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A B S T R A C T

N6-methyladenosin (m6A) is one of the most pervasive modification of mRNA in eukaryotes and the m6A me-
thyltransferases and demethylases play critical roles in many types of cancer. However the role of m6A-binding
proteins in cancer remains elusive. Here we report that the down-regulation of YTHDF2 was specifically induced
by hypoxia in hepatocellular carcinoma (HCC) cells, and that overexpression of YTHDF2 suppressed cell pro-
liferation, tumor growth and activation of MEK and ERK in HCC cells. Mechanistically, YTHDF2 directly bound
the m6A modification site of EGFR 3’-UTR to promote the degradation of EGFR mRNA in HCC cells. This is the
first report showing that YTHDF2 may act as a tumor suppressor to repress cell proliferation and growth via
destabilizing the EGFR mRNA in HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the predominant form of liver
cancer, which ranks the second cancer related mortality worldwide
with more than 700,000 annual deaths globally in recent year [1].
Despite resection, liver transplantation or local ablation contribute to
curative therapies in early stage of HCC [2], the prognosis of HCC is still
poor due to the late diagnosis or advanced liver cirrhosis. Therefore, it
is urgent to understand molecular mechanism of HCC initiation and
progression.

N6-methyladenosin(m6A) as one of the most pervasive modification
of mRNA in eukaryotes has been reported to be functional in many
biological processes, such as mRNA stability [3], protein translation
[4], virus infection [5] and embryonic development [6]. Recently
emerging evidences show that dysregulation of m6A modification and
m6A associated proteins may play a critical role in initiation and pro-
gression of cancer [7]. For instance, METTL14 (Methyltransferase Like
14) and METTL3 (Methyltransferase Like 3) as the m6A methyl-
transferases are highly expressed in AMLs (Acute Myeloid Leukemia)
and promote leukemogenesis through m6A-dependent regulation of
their target mRNAs [8,9]. FTO (Fat-Mass and Obesity-Associated Pro-
tein) as a m6A demethylase is highly expressed in AMLs and plays on-
cogenic roles in AMLs [10]. ALKBH5 (α-Ketoglutarate-Dependent

Dioxygenase AlkB Homolog 5), another m6A demethylase, maintains
the self-renewal of glioblastoma and breast cancer stem cells through
regulating its target genes FOXM1 (Forkhead Box M1) [11] and NANOG
(Nanog Homeobox) [12], respectively.

The fates of m6A modified mRNAs are dependent on m6A selective
binding proteins [13]. YTHDF2 (YTH-Domain Family Member 2) is the
first identified and well-studied functional m6A-binding protein that
mainly regulates stability of mRNA [3]. YTHDF2 recognizes and binds
to m6A sites in 3’UTR of mRNA through its C-terminal YTH (YT521-B
Homology) domain [14,15] and recruits the CCR4 (carbon catabolite
repressor protein 4)-NOT (negative on TATA) deadenylase complex by
directly binding CNOT1 (CCR4-NOT transcription complex subunit 1)
via its N-terminal region to accelerate degradation of target mRNAs
[16]. It has been reported that YTHDF2 has dual roles in pancreatic
cancer cells by promoting proliferation and suppressing migration and
invasion [17]. However, the role of YTHDF2 in HCC remains to be
explored. In the present study, we demonstrated that YTHDF2 may act
as a tumor suppressor by promoting the degradation of EGFR mRNA in
HCC.
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2. Materials and method

2.1. Cell culture

Four cell lines (QGY7703, BEL7402, HEP3B and SMMC7721) were
kindly provided by Prof. Zheng [18]. QGY7703 and BEL7402 cells were
cultured in DMEM (Gibco, USA). HEP3B and SMMC7721 cells were
cultured in RPMI-1640 medium (Gibco, USA). HEK-293T was pur-
chased from the American Type Culture Collection (ATCC) and main-
tained in DMEM (Gibco, USA). All culture medium supplemented with
10% (vol/vol) fetal bovine serum (FBS) (Gibco, USA), 1%(vol/vol)
penicillin and streptomycin (Beyotime Biotech, China). All cell lines
used in this research were authenticated by using short-tandem repeat
profiling less than 6 months ago when this project was initiated and
were cultured no more than 2 months. For hypoxia treatment, cells
were placed into an incubator chamber containing 1% of O2, 5% of CO2

and 94% of N2 or treated with Cobalt(II) chloride (sigma) for the in-
dicated time.

2.2. Plasmid construction

The flag-tagged N-YTHDF2 (1–384 amino acids), C-YTHDF2
(385–579 amino acids) and YTHDF2 (1–579 amino acids) were am-
plified by PCR and cloned into PSIN-EF2-Puro lenti-viral vector
(Invitrogen). The YTHDF2-2A-Mut (K416A, R527A), YTHDF2-3A-Mut
(W432A, W486A, W491A) and YTHDF2-5A-Mut (K416A, W432A,
W486A, W491A, R527A) mutants were conducted by Mut Express® II
Fast Mutagenesis Kit (Vazyme) and verified by DNA sequencing. The
pmirGlo luciferase expression vector (Promega) was used to construct
the luciferase reporter plasmid that consists of both firefly luciferase
and renilla luciferase. The 3’UTR region of EGFR mRNA was inserted
after the F-luc coding sequence. The mutant EGFR luciferase reporter
plasmid was constructed by replacing the adenosine to cytosine of m6A
modification sites. The PLKO.1-puro vector (Sigma) was used to con-
struct shRNAs targeting YTHDF2 or CNOT1. The lenti-CRISPR vector
(Addgene) was used to clone the sgRNAs targeting YTHDF2. The se-
quences of shRNAs and sgRNAs are shown in Supplementary Materials.

2.3. qRT-PCR

Briefly, Total RNA was isolated by using Trizol reagent (Invitrogen,
USA). 500 ng total RNA was reversed transcribed by using HiScript II
1st Strand cDNA Synthesis Kit (Vazyme). qRT-PCR was performed using
ChamQ Universal SYBR qPCR Master Mix (Vazyme) and LightCycler
480 instrument according to the manufacturer's instructions. All reac-
tions were conducted at least three replication. The sequences of pri-
mers are shown in Supplementary Materials.

2.4. Western blotting and antibodies

Briefly, Whole cell lysates were prepared and subjected to be se-
parated by SDS–polyacrylamide gel electrophoresis and transferred
onto polyvinylidene difluoride membranes. The membranes were
blocked with 5% non-fat milk for 1 h at room temperature and in-
cubated with primary antibodies and HRP-conjugated secondary anti-
body. The chemiluminescent signaling was detected by using ECL re-
agents (Pierce, USA). Primary antibodies used in this study: anti-
YTHDF2 (24744-1-AP) was from proteintech, anti-HIF1α (610958) was
from BD Bioscience, anti-Flag(2368), anti-ERK (4695), anti-MEK
(8727), anti-AKT (4691), anti-p-ERK (4370), anti-p-MEK (2338) and
anti-p-AKT (4060) were from cell signaling technology.

2.5. Immunofluorescence

Cells were seed into confocal dish (NEST) and fixed with 4% par-
aformaldehyde for 10min at room temperature. After permeabilization

with 0.5% Triton X-100 for 10min, cells were blocked with 5% goat
serum and incubated with primary antibody overnight at 4 °C. The next
day, cells were washed and incubated with secondary antibody at room
temperature for 1 h. And then were labeled the nuclei by using Hoechst
33342 for 5min.

2.6. Luciferase reporter assay

Briefly, HCC cells were plated in the 24-well plate and then were
transiently transfected with 250 ng 3’UTR luciferase reporter plasmid
(Promega E1330). The luciferase activity was measured for at least
three independent experiments by using a Dual-Luciferase Assay kit
(Promega) after transfection for 48 h.

2.7. Clonogenic assay

HCC stable cells were seeded at the density of 500 per well in 6-well
plates. After 2 weeks, the cell clones were fixed in methanol and stained
with 0.1% crystal violet. Cell clones containing more than 50 cells were
counted.

2.8. Anchorage-independent growth assay

HCC stable cells were resuspended in 2ml 0.3% agarose at the
density of 1×104 and were plated in 6 well plates with 0.6% agarose.
Cells were cultured for 2 weeks and the foci formation containing more
50 cells were counted.

2.9. Cell viability assay

HCC stable cells were seeded in 96-well microplate at the density of
2500 cells per well and 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenylte-
trazolium bromide (MTT) assay was used to assess cell viability per day
for continuous five days.

2.10. Flow cytometric apoptosis assay

HEP3B, QGY7703, SMMC7721 and BEL7402 stable cells were
treated with Cisplatin (DDP) 10 μM for 48 h and were collected.
Annexin V- FITC-PI Apoptosis Detection Kit (KeyGEN) was used to stain
the harvested stable cells, and then were analyzed using Gallios Flow
Cytometer (Beckman Coulter).

2.11. Tumor xenograft model

Animal studies were approved by the Animal Research Committee
of Sun Yat-sen University Cancer Center. Male athymic BALB/C nude
mice (4 weeks old) were obtained from the Vital River Laboratory
Animal Technology (Beijing, China). Briefly, 5× 106 of HEP3B and
SMMC7721 stable cells were resuspended in 0.1 ml of PBS and sub-
cutaneously injected into the flank of mice. The right flank was in-
oculated with HCC cells stably expressing YTHDF2 and the left flank
was inoculated with vector HCC cells. Tumor size was measured twice a
week and calculated by the formula: width2× length× π/6. All mice
were sacrificed after 4 weeks and xenograft tumor burdens were iso-
lated, photographed, weighed and fixed in formalin.

2.12. Measurement of EGFR mRNA stability

Stable cells were incubated with actinomycin D for 0 h, 3 h or 6 h
and then followed by RNA extraction. And the half-life of EGFR mRNA
was analyzed by quantitative RT-PCR as described earlier [19].

2.13. Statistical analysis

Results are presented as mean ± SD for at least three independent
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experiments. Student's t-test was used to analyze difference between
two groups and ANOVA with the Bonferroni post hoc test was used to
analyze difference among multiple groups.*P < 0.05 and **P < 0.01
was considered significant.

3. Results

3.1. YTHDF2 was specifically down-regulated by hypoxia in HCC cells

Hypoxia is a common feature of many solid cancers including HCC,

and promotes angiogenesis, self-renewal of cancer stem cells, tumor
progression and chemotherapy resistance through gene regulation by
hypoxia-inducible factor (HIF) [20]. Using four HCC cell lines,
SMMC7721, HEP3B, BEL7402 and QGY7703, we tried to investigate
whether the m6A associated proteins, including the m6A-binding pro-
teins (YTHDF1, YTHDF2, YTHDF3, YTHDC1 and YTHDC2), the m6A
methyltransferases (METTL3, METTL14 and WTAP) and the m6A de-
methylases (ALKBH5 and FTO), are affected by hypoxia. As shown in
Fig. 1A, among the five m6A binding proteins, YTHDF2 as the core
component of the m6A-binding protein was the only one that was

Fig. 1. Down-regulation of YTHDF2 under hypoxia in HCC cells. (A) The indicated HCC cells were exposed to 20% O2 or 1% O2 for 24 h, and differential expression
patterns of the m6A methyltransferases (METTL3, METTL14, WTAP), the m6A demethylases (ALKBH5, FTO) and the m6A -binding protein (YTHDF1, YTHDF2,
YTHDF3, YTHDC1, YTHDC2) were presented by a heat map. (B) The indicated HCC cells were cultured under 20% O2 or 1% O2 for 24 h, and mRNA levels of YTHDF2
were analyzed by RT-qPCR (mean ± SD. n= 3. Student t-test. **p < 0.01). (C) Both YTHDF2 and HIF1α protein levels were determined by Western blotting in the
indicated HCC cells under hypoxia or normoxia condition. GAPDH was used as the loading control (n=3). (D) The indicated stable cells were treated with CoCl2 or
vehicle for 24 h and were analyzed by Western blotting. GAPDH was used as the loading control (n= 3). (E and F) The indicated stable cells were transfected with
siRNA targeting HIF1α for 6 h and then were cultured under 20% O2 or 1% O2 for 24 h. YTHDF2 mRNA and protein levels were determined by RT-qPCR and Western
blotting, respectively (mean ± SD. n = 3. two way ANOVA with Bonferroni test. **p < 0.01).
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significantly decreased at the mRNA level in these HCC cells under
hypoxia, whereas other YTH domain proteins remained unchanged or
slightly reduced (Fig. 1B and Fig. S1). Consistently, the YTHDF2 protein
level was also reduced under hypoxia in these HCC cells (Fig. 1C). To
further confirm that hypoxia inhibits YTHDF2 expression, we used
Cobalt(II) chloride (CoCl2) which induces HIF1α expression in nor-
moxia to mimic the effect of hypoxia. As expected, YTHDF2 was also
remarkably declined under treatment of CoCl2 in HCC cells (Fig. 1D).
Moreover, the hypoxia-induced down-regulation of YTHDF2 was com-
pletely abolished by knocking down of HIF1α using siRNA in HCC cells
(Figs. 1E and 1F), suggesting that the down-regulation of YTHDF2 by
hypoxia is dependent on HIF1α in HCC cells. Taken together, our

results show that YTHDF2 is specifically inhibited by hypoxia in HCC
cells, implying YTHDF2 may be associated with HCC progression.

3.2. Overexpression of YTHDF2 suppresses HCC cell proliferation and
growth in vitro and in vivo

To explore the potential role of YTHDF2 in HCC, HEP3B,
SMMC7721, QGY7703 and BEL7402 cells stably expressing Flag-tagged
YTHDF2 were generated. Using different assays, we found that pro-
liferation (Figs. 2A and 2B and Figs. S2A and S2B), colony formation
(Figs. 2C and 2D and Figs. S2C and S2D) and anchorage-independent
growth (Figs. 2E and 2F) were reduced while apoptosis induced by DDP

Fig. 2. Overexpression of YTHDF2 suppresses cell proliferation and growth, and promotes apoptosis in HCC cells. (A and B) The indicated stable cells were subjected
to Western blotting (Left panel) and the MTT assay (Right panel). The cell viability was measured by MTT assay at different time points (mean ± SD. n=3. Student
t-test. **p < 0.01). (C and D) Colony-formation assay of the indicated stable cells. The quantitative analysis was shown adjacent to representative images
(mean ± SD. n= 3. Student t-test. **p < 0.01). (E and F) Anchorage-independent growth assay of the indicated stable cells. The quantitative analysis was shown
adjacent to representative images (mean ± SD. n=3. Student t-test. **p < 0.01). (G and H) Annexin V-FITC apoptotic assays of the indicated stable cells treated
with or without Cisplatin (DDP) for 48 h (10 μM). The quantitative analysis (mean ± SD. n= 3. Student t-test. **p < 0.01) of apoptotic percentages of the indicated
stable cells were shown as the histogram adjacent to representative flow cytometer images.
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Fig. 3. YTHDF2 suppresses HCC growth in nude mice. (A and B) Nude mice were subcutaneously injected with the indicated stable cells, and tumors were dissected
from nude mice after a month (n= 6). (C and D) Tumor growth in nude mice inoculated with the indicated stable cells was measured at the indicated time points
(mean ± SD. n= 6. Student t-test. **p < 0.01). (E and F) Tumor weights of each group were shown as mean ± SD. n= 6. Student t-test. **p < 0.01. (G and H)
Representative immunohistochemical staining of YTHDF2 from the xenograft tumors using the indicated stable cells.
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was increased (Figs. 2G and 2H and Figs. S2E and S2F) in these cells
stably expressing YTHDF2 compared to the cells carrying the vector
only. Furthermore, as shown in Fig. 3 and Fig. S3, xenograft tumor
burdens were significantly decreased in mice subcutaneously trans-
planted with HEP3B or SMMC7721 cells stably expressing YTHDF2
compared to those bearing the vector only. Collectively, our results
suggest that YTHDF2 acts as a tumor suppressor in HCC.

On one hand, as shown in Fig. S4, neither cell proliferation nor
colony-formation was affected when YTHDF2 was either knockdown or
knockout by either two independent lenti-viral based short hairpin
RNAs (shYTHDF2#1 and #2) or three highly efficient single-guided
RNAs(sgYTHDF2#1, #2 and #3) in these HCC cells, suggesting that
depletion of YTHDF2 alone is dispensable for the cell growth in HCC,
and that the compensatory effect may present by other YTH domain
proteins after depletion of YTHDF2 in HCC cells.

3.3. YTHDF2 inhibits ERK/MAPK signaling cascades in HCC cells

It is well known that both ERK/MAPK and PI3K/AKT signaling

pathways are crucial in HCC proliferation and survival [21], we ex-
plored that whether overexpression of YTHDF2 impairs these two
pathways in HCC cells. As shown in Fig. 4A and Fig. S5A, the phos-
phorylation of both ERK and MEK, but not of AKT, were obviously
decreased in cells stably expressing YTHDF2 compared to the vector
cells. Consistently, the nuclear accumulation of phosphorylated ERK
was lower using immunofluorescent staining in cells stably expressing
YTHDF2 compared to the vector cells (Fig. 4B and Fig. S5B). Moreover,
the phosphorylation of ERK induced by hypoxia was also abrogated in
cells stably expressing YTHDF2 (Fig. 4C), indicating that hypoxia may
induce ERK phosphorylation by down-regulating YTHDF2 in HCC cells.
Furthermore, as shown in Fig. 4D and Figs. S5C-S5F, the phosphor-
ylation of both ERK and MEK, but not of AKT, induced by fetal bovine
serum (FBS) or EGF at different time points were significantly impaired
in cells stably expressing YTHDF2 compared to the vector cells. Taken
together, our results suggest that overexpression of YTHDF2 suppresses
cell proliferation through inhibiting the ERK/MAPK pathway rather
than the PI3K-AKT pathway in HCC.

Fig. 4. YTHDF2 represses the MAPK/ERK pathway in HCC cells. (A) The indicated stable cells were lysed and analyzed by Western blotting. (B) The indicated stable
cells were subjected to the immunofluorescence assay using anti-FLAG-YTHDF2 (red), anti-p-ERK (green) antibodies and DNA staining with Hoechst 33342. A
merged view of three channels of the same filed was shown. Scale bar, 10 μm. (C) The indicated stable cells were exposed to 1% O2 or 20% O2 for 24 h, whole cell
lysates were prepared and analyzed by Western blotting. (D) The indicated stable cells were cultured in serum-free DMEM for 24 h and stimulated with 10% FBS for
the indicated periods, and then analyzed by western blotting.
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3.4. YTHDF2 as the m6A binding protein acts as a tumor suppressor in HCC

It has been shown that YTHDF2 can regulate mRNA stability
through both its N-domain, which localizes RNA to P-body, and its C-
domain, which binds m6A [3]. In addition, crystal structure of the YTH
domain of YTHDF2 showed that K416/R527 are essential for binding of
RNA backbone and that W432/W486/W491 contribute to the re-
cognition of m6A modification sites [14,15]. Therefore, series of trun-
cations and mutations for YTHDF2 were constructed (Fig. 5A). As
shown Figs. 5B and 5E and Figs. S6A and S6E, the decline of phos-
phorylation of ERK/MAPK induced by overexpression of YTHDF2 was
not observed in cells stably expressing any of these YTHDF2 truncations
or mutants. Likewise, the cell proliferation and colony formation were
not altered in cells stably expressing the YTHDF2-5A mutant, N- or C-
truncation (Figs. 5C, 5D, 5F, 5G and Figs. S6B-S6D and S6F-S6H). These
results demonstrated that the loss of N-terminal domain or C-terminal
domain and mutants of core amino acids in YTHDF2 completely abol-
ished its inhibitory function in HCC cells, suggesting YTHDF2 acts as
the m6A binding protein to suppress cell proliferation and growth in
HCC.

3.5. YTHDF2 suppresses ERK/MAPK signaling by destabilizing the EGFR
mRNA in HCC

To look into the potential targets for YTHDF2 in HCC cells, we fo-
cused on EGFR, IGF1R, MET, VEGFR and PDGFR, as they are upstream
of the ERK/MAPK pathway and are mainly involved in HCC progression
[22]. Among them, the EGFR mRNA level was the most significantly
reduced in both HEP3B and SMMC7721 cells stably expressing YTHDF2
compared to the vector cells (Fig. 6A), and such a reduction was further
confirmed at the protein level of EGFR using Western blotting (Fig. 6B)
and immunofluorescent staining (Fig. 6C). Accordingly, as shown in
Fig. 6D, the half-life of EGFR mRNA was significantly decreased in both
SMMC7721 and HEP3B cells stably expressing YTHDF2 compared to
the vector cells.

Next, we asked whether YTHDF2 directly binds the m6A modifica-
tion sites of EGFR mRNA. Using the pmirGlo dual-luciferase reporter
fused with the 3’-UTR fragment of EGFR, the luciferase activity was
significantly reduced in cells stably expressing YTHDF2 compared to
the vector cells (Fig. 6E). Using the m6AVar database [23] to search for
potential m6A modification sites (DRACH) in EGFR mRNA, high

Fig. 5. Inhibition of YTHDF2 on the ERK/MAPK pathway and cell growth is dependent on its m6A recognition in HCC cells. (A) Schematic description of the YTHDF2
domains and point mutations. (B) The indicated stable SMMC7721 cells with YTHDF2 wild type (WT), YTHDF2-2A-Mut (K416A and R527A), YTHDF2-3A-Mut
(W432A, W486A, W491A) and YTHDF2-5A-Mut (K416A, W432A, W486A, W491A and R527A) were analyzed by Western blotting. (C) Colony-formation assay of the
indicated stable cells, and the quantitative analysis was shown below representative images (mean ± SD. n = 3. one way ANOVA with Bonferroni test. **p < 0.01).
(D) The cell viability of indicated stable cells were measured by MTT assay at different time points (mean ± SD. n = 3. one way ANOVA with Bonferroni test.
**p < 0.01. (E) SMMC7721 cells stably expressed Flag-N-domain YTHDF2 (N-YTHDF2), Flag-C-domain YTHDF2(C-YTHDF2), Flag-YTHDF2 (YTHDF2) and vector
were analyzed by western blotting. (F and G) Colony-formation and MTT assays of indicated stable cells were analyzed as C and D.
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confidence m6A motifs nearby stop codon in the 3’-UTR of EGFR was
predicted, and the mutant of such motifs in the dual-luciferase reporter
fused with the 3’-UTR of EGFR was generated. As shown in Fig. 6F, the
reduction of luciferase activity in cells stably expressing YTHDF2 was
abolished by such a mutant. Moreover, either knocking down of CNOT1
or ectopic expression of EGFR abrogated the inhibition of YTHDF2 on

cell proliferation in cells stably expressing YTHDF2 (Figs. 6G–6J).
Taken together, our results indicate that YTHDF2 acts as a tumor sup-
pressor by directly binding the m6A modification site of EGFR 3’-UTR to
promote the degradation of EGFR mRNA in HCC cells.

(caption on next page)
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4. Discussion

In this report, we have demonstrated that YTHDF2 was specifically
down-regulated by hypoxia in HCC cells, and that YTHDF2 may func-
tion as a tumor suppressor in HCC by negatively modulating the EGFR
mRNA stability via its binding the m6A site in the EGFR 3’UTR of
mRNA, which in turn impairs the MEK/ERK pathway and consequently
impedes the cell proliferation and growth, as illustrated in Fig. 7.

YTH domain proteins in mammalian can be divided into three ca-
tegories, YTHDF family (YTHDF1, YTHDF2 and YTHDF3), YTHDC1 and
YTHDC2 proteins, they share the YTH domain so that all of them can
bind the m6A sites in mRNA [24]. But their sizes and overall domain
organization confer their different target mRNAs and functions. For
instance, YTHDF1, YTHDF3 and YTHDC2 regulate translation effi-
ciency of their target mRNAs [25–27], YTHDF2, YTHDF3 and YTHDC2
accelerate degradation of their target mRNAs [3,26,27], and YTHDC1
plays a critical role in mRNA splicing and nuclear export of N(6)-me-
thyladenosine methylated mRNAs [28,29]. High expression of YTHDF1
is related to the poor prognosis in HCC and colorectal cancer [30,31]
and YTHDC2 promotes metastasis in colon cancer [32]. Our results
show that YTHDF2 may function as a tumor suppressor in HCC, as
overexpression of YTHDF2 inhibits cell proliferation and growth, and
promotes apoptosis in HCC cells (Fig. 2 and Fig. S2). Interestingly, Yang
et al., has recently reported that YTHDF2 is closely associated with the
malignancy of HCC, as the positive rate of YTHDF2 was 35.6% (67/
188) in HCC tissues [33]. However, knockdown or knockout of YTHDF2
in HCC cells showed minimal effect on these events, suggesting that the
compensatory effect may exist after depletion of YTHDF2 in HCC cells

due to all YTH domain proteins share some similar target mRNAs [26].
It has previously reported that hypoxia can induce expression of
ALKBH5 in breast cancer cells [12], and this induction of ALKBH5 by
hypoxia was also observed in HCC cells (Fig. 1A). Intriguingly, the
down-regulation of YTHDF2 by hypoxia was the most significant in
HCC cells compared to the other YTH domain proteins, which were
marginally altered by hypoxia (Fig. S1). In fact, hypoxia has already
been reported to enhance of a subset of mRNA stability including VEGF
(vascular endothelial growth factor), Glut1 (glucose transporter) and c-
MYC through regulation of m6A modification [34,35].

YTHDF2 is the core component of m6A binding protein complex
which regulates its target mRNA stability [3,16]. Here, we have iden-
tified the EGFR 3’-UTR mRNA as a direct downstream target of YTHDF2
in HCC cells (Fig. 6), and the inhibition of YTHDF2 on cell proliferation
and growth is dependent on its destabilization of the EGFR mRNA in
HCC cells. EGFR as a new target of YTHDF2 may explain why over-
expression of YTHDF2 inhibited the MEK/ERK pathway to suppress cell
proliferation and growth in HCC cells, EGFR is a main upstream of the
ERK/MAPK pathway and is closely involved in HCC progression [38].
This finding may suggest that YTHDF2 as a m6A binding protein may be
specially associated with the HCC progression, which is desired to be
further investigated in the future. On the other hand, other targets
could not be excluded for the functions of YTHDF2 in the HCC pro-
gression. For instance, YTHDF2 displayed dual effects in the pancreatic
cancer cells, YTHDF2 promoted cell proliferation by activating AKT
signaling pathway and inhibited cell migration and invasion by desta-
bilizing YAP mRNA [17]; YTHDF2 regulated stability of MYC mRNA to
controls the response/sensitivity of leukemia cells to R-2HG [36]; Loss
of YTHDF2 also promoted hematopoietic stem cells regeneration
through stabilization of its key m6A-marked targets such as Tal1 [37].
Collectively, the multiple functions of YTHDF2 in cancers or diseases
may depend on degradation of its target mRNAs.
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Fig. 6. YTHDF2 inhibits cell proliferation and the ERK/MAPK pathway via accelerating the degradation of EGFR mRNA. (A) The mRNA levels of EGFR, IGF1R, MET,
PDGFR and VEGFR from the indicated stable cells were evaluated by Quantitative RT-PCR (mean ± SD. n = 3. two way ANOVA with Bonferroni test. **p < 0.01).
(B) The indicated stable cells were analyzed by Western blotting, GPADH was used as the loading control (n= 3). (C) The indicated stable cells were fixed by 4%
paraformaldehyde and subjected to immunofluorescence staining using both anti-Flag and anti-EGFR antibodies. DNA was stained with Hoechest 33342(n=6).
Scale bar, 10 μm. (D) The indicated stable cells were incubated with actinomycin D for 3 h and 6 h, and the half-life of EGFR mRNA was analyzed by quantitative RT-
PCR and all values were normalized to HPRT (mean ± SD. n= 3). (E) SMMC7721 cells stably expressing YTHDF2 or vector were transfected with the indicated
dual-luciferase reporters and relative luciferase activity was measured (mean ± SD. n=3. Student t-test. **p < 0.01). (F) SMMC7721 cells stably expressing
YTHDF2 or vector were transfected with the indicated dual-luciferase reporter and relative luciferase activity was measured (mean ± SD. n = 3. two way ANOVA
with Bonferroni test. **p < 0.01). (G)SMMC7721 cells expressing YTHDF2 were stably transfected shRNA targeting CNOT1 or non-targeting control. CNOT1 mRNA
level was determined by quantitative RT-PCR (mean ± SD. n = 3. one way ANOVA with Bonferroni test. **p < 0.01). (H)EGFR mRNA level of indicated stable
cells used in (G) was evaluated by quantitative RT-PCR (mean ± SD. n = 3. one way ANOVA with Bonferroni test. **p < 0.01). (I) Cell viability of indicated stable
cells used in (G) were measured by MTT assay (mean ± SD. n = 3. one way ANOVA with Bonferroni test. **p < 0.01). (J) SMMC7721 cells expressing YTHDF2
were stably expressed EGFR or vector by lentivirus overexpression system and cell viability of indicated stable cells were assessed by MTT assay (mean ± SD. n = 3.
one way ANOVA with Bonferroni test. **p < 0.01).

Fig. 7. The proposed model for function and mechanism of YTHDF2 in HCC.
The YTHDF2, which was specifically down-regulated by hypoxia in HCC, may
function as a tumor suppressor by negatively modulating the EGFR mRNA
stability via binding the m6A site in the EGFR 3’UTR of mRNA, which in turn
impairs the MEK/ERK pathway and consequently impedes the cell proliferation
and growth.
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