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ABSTRACT

ARTICLE HISTORY

Recent studies show that YTH domain family 2 (YTHDF2) preferentially binds to m®A-containing mRNA regulates
localization and stability of the bound mRNA. However, the role of YTHDF2 in pancreatic cancers remains to be
elucidated. Here, we find that YTHDF2 expression is up-regulated in pancreatic cancer tissues compared with
normal tissues at both mRNA and protein levels, and is higher in clinical patients with later stages of pancreatic
cancer, indicating that YTHDF2 possesses potential clinical significance for diagnosis and prognosis of
pancreatic cancers. Furthermore, we find that YTHDF2 orchestrates two cellular processes: promotes
proliferation and inhibits migration and invasion in pancreatic cancer cells, a phenomenon called “migration-
proliferation dichotomy”, as well as epithelial-mesenchymal transition (EMT) in pancreatic cancer cells.
Furthermore, YTHDF2 knockdown significantly increases the total YAP expression, but inhibits TGF-8/Smad
signaling, indicating that YTHDF2 regulates EMT probably via YAP signaling. In summary, all these findings
suggest that YTHDF2 may be a new predictive biomarker of development of pancreatic cancer, but a serious
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consideration is needed to treat YTHDF2 as a target for pancreatic cancer.

Introduction

Pancreatic cancer is one of the most aggressive and lethal malig-
nancies." It is projected to become the second most common cause
of cancer deaths in the United States by 2020.” Despite decades of
effort, the five-year survival rate remains at only ~5%. Pancreatic
cancer is usually diagnosed at an advanced stage due to a lack of
symptoms in the early stages so that resection of the advanced
tumor is often not possible.” Thus, it is of great significance to look
for new therapeutic targets for this disease.

N°-methyl-adenosine modification in mRNA (m°A) is
extremely widespread which functionally modulates the
eukaryotic transcriptome to influence mRNA splicing,
export, localization, translation and stability.” Cellular com-
ponents of m®A methylation have long been known to be
intimately linked to cancer. For instance, high incidence of
prostate cancer, breast cancer and pancreatic cancer could
also be linked to allelic variants of FTO (m°A demethylase).
Phosphorylation of METTL3 (m°A methylase) could be cor-
related to tumourigenesis.® Recently, a m°®A-specific reader,
YTH domain family, including YTHDFI1-3, YTHDCI,
YTHDC2, YTHDF2 specifically binds to mC®A-containing
mRNA via its C-terminal YTH domain and thereby confers
various downstream fates of bound RNAs.””” Depletion of

YTHDF2 protein gives rise to an increase in both abun-
dance and half lives of cellular mRNAs, indicating the sta-
bility of mRNAs is inversely correlated to the number of
YTHDF2 binding sites present in target mRNAs.° One
study shows that YITHDF2 is a translocation partner of
RUNX1 in acute myeloid leukemia patients."” Taken
together, it is well-established that cellular components of
m°A methylation are involved in cancer carcinogenesis and
may serve as tumor promoters or suppressors. However, the
specific roles and underlying mechanisms of YTHDE2 in
cancers are still unknown.

The present study was aimed to determine the expression of
YTHDEF2 in pancreatic cancer, and to investigate the effects of
YTHDEF2 on proliferation, migration and invasion in pancre-
atic cancer cells. Our data show that YTHDF2 is up-regulated
in human pancreatic cancer at both mRNA and protein levels
and orchestrates proliferation and epithelial- mesenchymal
transition dichotomy in pancreatic cancer cells. Furthermore,
YTHDEF2 knockdown promotes EMT probably via up-regula-
tion of YAP but not TGF-p/Smad signaling in pancreatic can-
cer cells. Our study for the first time found that YTHDF2
might play an important role in pancreatic cancer progression,
and interestingly might display dual effects in the disease.
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Results

YTHDF2 is up-regulated in pancreatic cancer
and associated with patients’ poor stage

To confirm the clinical relevance of YTHDEF2 expression, we
first analyzed the YTHDF2 protein expression in clinical speci-
mens from the human protein atlas (www.proteinatlas.org).
We observed strong YTHDEF2 staining in pancreatic cancer,
but very weak staining in normal pancreas (Fig. 1A). Consis-
tently, YTHDF2 mRNA level was lower in normal pancreatic
tissues than that in pancreatic cancer tissues (9.014 =+
0.09101 vs. 9.274 £ 0.05050, P < 0.001, n = 52) in the Gene
Expression Omnibus (GEO) (Fig. 1B). As there is no relevant
clinical data in GEO, we further interrogated TCGA data base
to evaluate the correlation of YTHDF2 expression with
patients’ clinical stages (https://genome-cancer.ucsc.edu). The
analysis showed that YTHDF2 expression increased succes-
sively in stage I, stage II, stage III and stage IV groups, and the
stage I group presented the lowest and stage IV the highest
YTHDEF2 expression levels (Fig. 1C). Moreover, YTHDEF2
expression in Pathologic T1 and T2 was lower than that in
Pathologic T3 and T4 (Fig. 1D). All these data suggest that
YTHDEF?2 is up-regulated in pancreatic cancer and associated
with the poor stage of patients.

YTHDF2 expression is profiled in pancreatic cancer cells

To conduct the next experiments in pancreatic cancer cells, we
first examined the expression level of YTHDF2 in PaTu8988,
SW1990 and BxPC3 cells using real-time PCR and western
blot. We noticed that YTHDF2 expression, at both mRNA and
protein levels, was higher in SW1990 and BxPC3 cells
(Fig. 2A). Subsequently, we constructed sh-YTHDF2 plasmids
to investigate the roles of YTHDEF2 in pancreatic cancer, sh-
EGFP as a control. After transfection, the mRNA and protein
levels of YTHDEF2 significantly reduced in sh-YTHDEF2 group
compared with sh-EGFP group (Fig. 2B). Vector or Flag-
YTHDEF2 was transferred into SW1990 and PaTu8988 cells,
and then YTHDEF2 overexpression was examined at mRNA by
real-time PCR (Fig. S1A). Unexpectedly, no significant changes
in the level of protein were observed in YTHDF2 overexpres-
sion group (Fig. SI1B). Subsequently, we identified plasmids
Vector and Flag-YTHDEF2 in H293T cell, the mRNA and pro-
tein levels of YTHDF2 were significantly increased in Flag-
YTHDEF2 group compared with Vector group (Fig. S1IC). The
reason that YTHDEF2 overexpression could not be at the pro-
tein levels in pancreatic cancer cells is not clear and no signifi-
cant changes in cellular function were observed (data not
shown). Therefore, we had not made an attempt at the overex-
pression in the subsequent experiments.

YTHDF2 knockdown inhibits the ability of proliferation via
Akt/GSK35/CyclinD1 pathway in pancreatic cancer cells

To determine whether YTHDF2 expression was required for
the proliferation in pancreatic cancer cells, SW1990 and BxPC3
cells were transfected with sh-EGFP or sh-YTHDEF2 and prolif-
eration ability was evaluated using colony formation assay. We
found that YTHDF2 knockdown resulted in the smaller

colonies and lower colony density compared to the control
group in both SW1990 and BxPC3 cells (438 + 18 vs. 155 +
12/ 201 £ 15 and 514 &+ 12 vs. 206 £ 11/ 248 £+ 16, P < 0.001,
Fig. 3A), indicating that the ability of cell colony formation was
significantly suppressed by YTHDF2 depletion. Subsequently,
we used the CCK8 assay to detect the growth curves.YTHDF2
knockdown resulted in the inhibition of proliferation in
SW1990 and BxPC3 cells at 2, 3, 4, 5 and 6 days after transfec-
tion (Fig. 3B). Also, YTHDF2 knockdown led to down-regula-
tion of p-GSK38 and CyclinD1 at protein levels in SW1990
and BxPC3 cells (Fig. 3C). Many other protein kinases are
capable of phosphorylating GSK-3p, such as Akt, ILK and
PKA." Our data suggested that YTHDF2 knockdown resulted
in down-regulation of p-Akt and had no influence on total Akt,
total GSK38, ILK, total PKA, p-PKA protein (Fig. 3C,
Fig. S1D). YTHDEF2 knockdown increased the fraction of cells
in G1/GO-phase with a corresponding decrease in S-phase as
compared to the control in SW1990 and BxPC3 cells, indicating
a potential role of YTHDF2 knockdown in G1 arrest (Fig. 3D,
E). These results reveal that YTHDF2 knockdown inhibits the
ability of proliferation possibly via Akt/GSK38/CyclinD1 path-
way in pancreatic cancer cells.

YTHDF2 knockdown promotes the migration ability
of pancreatic cancer cells

Next, we then explored the effects of YTHDF2 on the migration
of pancreatic cancer cells. To test the effects of YTHDF2 knock-
down on cell motility, we examined the migratory potential of
SW1990 and BxPC3 cells by using a transwell assay. We found
that the numbers of migrated cells were 173 £ 15 and 417 + 25
in sh-EGFP and sh-YTHDEF2#1 SW1990 cells, and 112 £ 8 and
298 + 18 in sh-EGFP and sh-YTHDEF2#1 BxPC3 cells, respec-
tively (Fig. 4A, B), indicating that YTHDF2 knockdown
improved the ability of migration in SW1990 and BxPC3 cells.
To confirm the above results, we also performed wound-heal-
ing assays (scratch assays, Fig. 4C, D). For these assays, a scrape
wound was created on confluent cultures of SW1990 and
BxPC3 cells expressing either sh-EGFP or sh-YTHDEF2#1.
SW1990 or BxPC3 cells expressing sh-YTHDF2#1 displayed
increased motility in comparison to SW1990 or BxPC3 cells
expressing sh-EGFP (11.5 £ 0.7% vs. 31.5 + 2.1% and
13 + 1.4% vs. 30 & 2.8%, P < 0.001, Fig. 4C, D). All these
results suggest that YTHDF2 knockdown promotes the ability
of migration in pancreatic cancer cells.

YTHDF2 knockdown promotes the invasion and adhesion
ability in pancreatic cancer cells

Subsequently, we examined the ability of invasion by BD
Matrigel invasion assays. SW1990 and BxPC3 cells were
transfected with sh-EGFP or sh-YTHDEF2#1 plasmids. The
numbers of invasive cells were 68 + 8 and 188 £ 8 in sh-
EGFP and sh-YTHDF2#1SW1990 cells, and 78 £ 8 and 226
+ 13 in sh-EGFP and sh-YTHDF2#1 BxPC3 cells, respec-
tively (Fig. 5A, B), indicating that knockdown of YTHDF2
obviously enhanced the invasion ability of SW1990 and
BxPC3 cells. Also, YTHDF2 knockdown led to up-regulation
of MMP2 and MMP9 at both mRNA and protein levels in
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Figure 1. YTHDF2 is up-regulated in pancreatic cancer and associated with patients’ poor stage. (A) YTHDF2 protein expression in pancreatic cancer tissues and normal
pancreatic tissues was analyzed through the human protein atlas (www.proteinatlas.org). Magnification, x 4; bars, 500 ..m. Magnification, x 40; bars, 100 xm. (B) Analy-
sis of YTHDF2 mRNA levels in 52 samples of pancreatic cancer and non-tumor tissues in the Gene Expression Omnibus. N = 16 for non-tumor group, and N = 36 for
tumor group. **P < 0.01. (C) Analysis of the TCGA database indicates YTHDF2 is associated with stage in pancreatic cancer. N = 20 for stage | group, N = 140 for stage Il
group, and N = 4 for stage Ill group, and N = 3 for stage IV group. “P< 0.05. (D) Analysis of the TCGA database indicates YTHDF2 is associated with PathologicT in pancre-
atic cancer. N = 27 for PathologicT1 and T2, N = 140 for PathologicT3 and T4. *P < 0.05.
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Figure 2. YTHDF2 Expression in different pancreatic cancer cells. (A) Relative expression levels of YTHDF2 protein and mRNA were assessed in PaTu8988, SW1990 and
BxPC3 cells. (B) YTHDF2 protein and mRNA levels were decreased after sh-YTHDF2#1 and sh-YTHDF2#2 was transfected into SW1990 and BxPC3 cells. “**P < 0.001. Data
are expressed as mean =+ SD. The results are representative of three independent experiments.

SW1990 and BxPC3 cells (Fig. 5C, D). Furthermore, we
found that YTHDEF2 knockdown resulted in the stronger
adhesion ability compared to the control group in both
SW1990 and BxPC3 cells (P < 0.05 and P < 0.01, Fig. 5E).
Above all data suggest that YTHDF2 knockdown promotes
the invasion and adhesion ability in pancreatic cancer cells.

YTHDF2 knockdown promotes EMT via YAP signaling

Previous study has shown that the EMT is associated with the
abilities of migration and invasion in cancer cells.'* Therefore,
we detected the EMT markers at protein levels using western
blotting. Our results revealed that YTHDF2 knockdown

induced down-regulation of E-cadherin and up-regulation of
Vimentin, Snail (Fig. 6A). Actually, TGF-g induces EMT in
many cancers.'>'* Thus, we investigated the effects of YTHDF2
on the classic TGF-f/Smad signaling. Surprisingly, we found
that YTHDF2 knockdown down-regulated mature TGEF-g,
Smad2/3, p-Smad2 in SW1990 and BxPC3 cells and thereby
inhibited TGF-B/Smad signaling (Fig. 6B), indicating that
YTHDEF2 knockdown-induced EMT was driven by other path-
ways. Recently, it is reported that YAP is closely related to
EMT in cancer.” Next, we investigated the effects of YTHDF2
on the classic Hippo signaling in pancreatic cancer cells. The
results showed that YTHDF2 knockdown down-regulated the
LATS1, p-LATS1, MOBI, p-MOBI1 and up-regulated the total
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Figure 3. YTHDF2 knockdown inhibits the ability of proliferation via Akt/GSK38/CyclinD1 pathway in pancreatic cancer cells. (A) Colony-forming assay to examine the
effects of knocking down YTHDF2 on the growth of SW1990 and BxPC3 cells. ***P < 0.001. (B) SW1990 and BxPC3 cells were transfected with sh-EGFP or
sh-YTHDF2#1/ sh-YTHDF2#2 plasmid and the number of viable cells at the indicated time points was evaluated using the Cell Count Kit-8. The proliferation of cells was
suppressed by YTHDF2 depletion. **P < 0.01. (C) Immunoblotting of Akt, p-Akt, GSK38, p- GSK38, CyclinD1in SW1990 and BxPC3 cells treated with sh-YTHDF2#1 or sh-
EGFP. B-Tubulin was used as a loading control. (D, E) YTHDF2 knockdown in SW1990 and BxPC3 increased the fraction of cells in G1/GO-phasewith a corresponding
decrease in S-phase as compared to the control cells. Data are expressed as mean =+ SD. The results are representative of three independent experiments. Data are
expressed as mean = SD. The results are representative of three independent experiments.



2264 J.CHEN ET AL.

I sh-EGFP
S g0 I sh-YTHDF2#1
o 2
S .
8|S 2 4001
o 7]
g1” | 3
= ° 300-
T T
=2 Y .2 200
=1 =
o
@ & 100
e
=
2 0
SW1990 BxPC3
c SW1990 D BxPC3
ShEGFP  sh-YTHDF2#1  ShEGFP  sh-YTHDF2#1
Oh| _ ohl:
I . |
24h| 24h
%““' BB sh-EGFP %‘“" Bl sh-EGFP
© BB sh-YTHDF2#1 Rk © BB sh-YTHDF2#1
< 304 c 304
S S
[] ©
.520- sE_n 20
= =
£ 101 £ 10
& ks
¢ o : g o .
Oh 24h Oh 24h

Figure 4. YTHDF2 knockdown promotes the migration ability of pancreatic cancer cells. (A) The ability of migration was examined using transwell assay in SW1990 and
BxPC3 cells transfected with sh-YTHDF2#1 or sh-EGFP plasmids. Representative images of migrated cells were shown. Magnification, x 20; bars, 50 uwm. (B) The graph
indicated the average number of migrated cells per field. “**P< 0.001. (C, D) A scrape wound was created in confluent cultures of SW1990 and BxPC3 cells with stable
expression of either sh-YTHDF2#1 or sh-EGFP, the distance of cell migration was recorded and the relative migration rate was calculated.”*P < 0.001. Data are expressed

as mean = SD. The results are representative of three independent experiments.

YAP, p-YAP (Fig. 6C). To confirm that YTHDF2 knockdown
promotes EMT via YAP in pancreatic cancer cells, we trans-
fected stable cell lines-SW1990 and BxPC3 cells with sh-EGFP
or sh-YAP. Our results revealed that YAP knockdown reversed
the change medicated by YTHDF2 knockdown (Fig. 6D). All
these findings indicate that YTHDF2 knockdown induces EMT
probably via up-regulation of total YAP in pancreatic cancer
cells.

YTHDF2 is up-regulated in other cancers

To confirm the clinical relevance of YTHDEF2 expression in
other cancers, we analyzed the mRNA levels of YTHDF2 from
oncomine (www.oncomine.org). We found significant elevation
of YTHDEF2 expression levels in tumor tissues compared to
non-tumor tissues (gastric mucosa n = 31; gastric intestinal
type adenocarcinoma n = 26; P < 0.001, Fig. 7A), (brain non-
tumor tissue n = 10; brain glioblastoma n = 542; P < 0.001,

Fig. 7B), (lung tissue n = 58; lung adenocarcinoma n = 58;
P < 0.001, Fig. 7C), (liver non-tumor tissue n = 220; hepatocel-
lular carcinoma n = 225; P < 0.001, Fig. 7D). All these data
indicate that YTHDF2 mRNA expression is significantly up-
regulated in other cancers.

Discussion

In this study, our findings suggest the dual function of
YTHDEF2 in pancreatic tumor progression, one for promotion
and the other for suppression. We for the first time find that
YTHDEF2 orchestrates proliferation and epithelial-mesenchy-
mal transition dichotomy in pancreatic cancer cells. Impor-
tantly, we confirm that YTHDF2 is up-regulated in human
pancreatic cancer at both mRNA and protein levels, and acts as
an independent impact factor for patient’s poor stage. All these
findings suggest that YTHDF2 may be a candidate for diagnosis
and prognosis of pancreatic cancer.
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Uncontrolled proliferation and abnormal cell migration are
two of the main characteristics of tumor growth.'®'” Cells
respond to gene alterations by either proliferating or migrating,
but not both at the same time, a phenomenon termed migra-
tion-proliferation dichotomy.'® This dichotomy has been
reported that Girdin has dual function: it enhances the migra-
tion but suppresses the proliferation of cancer cells.'®'® Similar
to our observations, depletion of DIg5 in prostate and pancre-
atic cancer cells resulted in an attenuation of cell proliferation
in addition to enhanced cell migration.” In this study, we at
the first time report that YTHDEF2 promotes the ability of pro-
liferation and suppresses the abilities of migration and invasion

in pancreatic cancer. The dual roles of YTHDEF2 provide an
appropriate example in support of the theory of migration-pro-
liferation dichotomy. The underlying mechanism of this phe-
nomenon has remained several kinds of views. One argument
is that the reciprocal and coordinated suppression/activation of
transcription factors underlies the dichotomy between prolifer-
ation and invasion.” Another argument is that the exhaustion
of diffusion-driven oxygen environment of tumor cells can
then result in the emergence of highly motile tumor cells.”” The
researchers have made some attempts to apply the type of genes
for the treatment of cancer. Inhibition of G6PD decreases cell
proliferation but increases migration. G6PD knockdown in a
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highly proliferative but noninvasive glioblastoma cell line
resulted in prolonged survival of mice with intracerebral xeno-
grafts.”> The specific treatment, according to the tumor behav-
ior characteristics may become the new strategy for cancer
treatment for “go or grow” status.

Pancreatic carcinoma is one of the most malignant tumor
diseases.* It is believed that the high invasiveness of pancreatic
cancer cells plays a critical role in the disastrous prognoses
associated with this disease.”>*® EMT is a pivotal biological pro-
cess in cancer progression that enables the initial tumor cells to
obtain invasive and metastatic properties.”” E-cadherin, an
important glycoprotein of the classical cadherin members,
regulates cell adhesion in normal adult epithelial cells. Loss of
E-cadherin expression is considered to promote tumor invasion
and metastasis, which can function as a marker of EMT.*®
However, Vimentin, a component of intermediate filaments,
functions as a positive regulatory marker of EMT by up-regu-
lating several EMT-related genes.”” In our research, YTHDF2
was shown to inhibit the EMT phenotype of pancreatic cancer
cells. We believe that this finding indicates that YTHDF2 is a
key regulator of EMT and restrains the ability of migration and
invasion in tumor cells. Additionally, abundant researches have
shown that TGF-8 can induce EMT."® Therefore, we examine
the key protein of the TGF-p/Smad signaling pathway, and
found that YTHDF2 knockdown suppresses TGF-f/Smad sig-
naling in pancreatic cancer cells. The YTHDF2 knockdown-
induced expression of mesenchymal makers is independent of
canonical TGF-pB/Smad signaling. It has been proved that YAP
overexpression resulted in the decrease expression of epithelial
markers and increase of mesenchymal markers, whereas silenc-
ing YAP reversed them.* In this study, we found that YAP was
inversely associated with YTHDEF2 in pancreatic cancer cells.
These findings indicate that YTHDF2 inhibits EMT in pancre-
atic cancer cells probably through YAP suppression. It has
been reported that the phosphorylation of LATSI is enhanced
by the presence of MOBI. Activated LATS1 then phosphory-
lates and inactivates the downstream transcriptional co-activa-
tor YAP in mammals.”" Therefore, we speculate that YTHDF2
might contribute to activate the upstream molecules of YAP.
Previous studies have shown that there are two m°A sites in
YAP with one site in CDS and the other site in exon.”” Thus, it
is reasonable to suppose that YTHDF2 might directly bind to
YAP mRNA to decrease the stability of mRNA. However, the
direct link between YTHDF2 and YAP in pancreatic cancer
cells remains to be clarified.

In summary, our study provides proof that YTHDF2 orches-
trates proliferation and epithelial-mesenchymal transition
dichotomy in pancreatic cancer cells. YTHDF2 has the poten-
tial value to be developed as a new target for pancreatic cancer
prevention and therapy.

Materials and methods
Cells and cell culture

Pancreatic cancer cell lines SW1990, PaTu8988 and BxPC3
were purchased from the Type Culture Collection of the Chi-
nese Academy of Sciences, Shanghai, China. Meanwhile, the
human embryonic kidney cell line (293T) was acquired from

the American Type Culture Collection. All cell lines were cul-
tured in DMEM (Hyclone, China) supplemented with 10% fetal
bovine serum (Gibco, USA), 100mg/L penicillin at 37°C in a
humidified incubator with 5% CO, supply.

Western blotting

The cultured cells were rinsed with cold PBS before treated with
1 x SDS loading buffer at 100°C for 10 min. Then the mixture
was centrifuged at 12000 r/min for 5 min. About 10 ul of pro-
tein was loaded each lane, and separated by 10% SDS-PAGE
and then transferred to the PVDF membrane. The membrane
was blocked by 5% non-fat milk powder for 1 h at room tem-
perature and then incubated with primary antibodies at 4°C
overnight. The membranes were washed with TBS-T buffer (10
mMTris-HCl, pH 7.4, 150 mMNaCl, 0.05% Tween 20) for
15 min and incubated with HRP-labeled secondary antibodies.
The antibodies were rabbit anti-YTHDF2 (Proteintech, 24744
-1-AP), mouse anti-g-Tubulin (Cell Signaling, CAT 6181), rab-
bit anti-E-Cadherin (Cell Signaling, CAT 3195), rabbit anti-
Vimentin (Cell Signaling, CAT 5741), rabbit anti-Snail (Cell Sig-
naling, CAT 3879), rabbit anti-TGF-# (Cell Signaling, CAT
3711), rabbit anti-Smad2/3 (Cell Signaling, CAT 8685), rabbit
anti-p-Smad2 (Cell Signaling, CAT 3108), rabbit anti-p-Smad3
(Cell Signaling, CAT 9520), rabbit anti-MMP2 (ImmunoWay,
CAT YT2798), rabbit anti-MMP9 (ImmunoWay, CAT
YT1892), rabbit anti-MST1 (Cell Signaling, CAT 3682), rabbit
anti-MST2 (Cell Signaling, CAT 3952), rabbit anti-SAV1 (Cell
Signaling, CAT 13301), rabbit anti-p-MOB1 (Cell Signaling,
CAT 8699), rabbit anti- MOB1(Cell Signaling, CAT 13730), rab-
bit anti-p-LATS1 (Cell Signaling, CAT 8654), rabbit anti-LATS1
(Cell Signaling, CAT 3477), rabbit anti-p-YAP (Cell Signaling,
CAT 13619), rabbit anti-YAP (Cell Signaling, CAT 8418), rabbit
anti-Akt (Cell Signaling, CAT 4691), rabbit anti-p-Akt (Cell Sig-
naling, CAT 4060), rabbit anti-GSK3p(Cell Signaling, CAT
12456), rabbit anti-p-GSK38(Cell Signaling, CAT 5558), rabbit
anti-CyclinD1 (Cell Signaling, CAT 2978), mouse anti-PKA
(Santa Cruz Biotechnology, SC-271125), rabbit anti-p-PKA (Bio-
world Biotechnology, BS4345), mouse anti-ILK (Santa Cruz Bio-
technology, SC-20019).

Real-time PCR

We extracted total RNA using RNAiso Plus (Takara). Reverse
transcription was performed using RevertAid First Strand
cDNA Synthesis Kit (Thermo) according to the manufacturer’s
specification. Real-time PCR was performed in triplicate in
20 ul reactions with iQ SYBR® Premix Ex Taq™ Perfect Real
Time (Bio-Rad Laboratories, Inc.), 50 ng first strand cDNA
and 0.2 pg each primer. The primer pair used for the amplifica-
tion of the human YTHDF2 gene was as follows: forward
primer, 5- TAGCCAACTGCGACACATTC-3, and reverse
primer, 5'- CACGACCTTGACGTTCCTTT-3'. MMP2 primer:
Forward, 5-CACAGGAGGAGAAGGCTGTG-3' and reverse,
5-GAGCTTGGGAAAGCCAGGAT-3; MMP9 primer: For-
ward, 5'- TTCAGGGAGACGCCCATTTC-3' and reverse, 5'-
TGTAGAGTCTCTCGCTGGGG-3'; and GAPDH primer: For-
ward, 5-GGTGAAGGTCGGTGTGAACG-3' and reverse, 5'-
CTCGCTCCTGGAAGATGGTG-3'. Samples were cycled once



at 95°C for 2 min, then subjected to 35 cycles of 95°C, 56°C and
72°C for 30 sec each. The relative fold change in RNA expres-
sion was calculated using the 2~““Ct method with GAPDH as
an endogenous control.

Plasmid construction

The entire YTHDF2 sequence was amplified with RT-PCR
using primers YTHDEF2-all-F:5'-GAGGCGATCGCATGTCGG
CCAGCAGCCTCTT-3, and YTHDEF2-all-R: 5'- GCGACGC
GTTTTCCCACGACCTTGACGTTCCTT-3/, and then
inserted into the AsiSI and Mlul site of the pPCMV6-Entry plas-
mid (Origene) and ligated into the vector. The YTHDF2 and
EGFP shRNA oligos (YTHDF2-shRNA#1-F 5'-CCGGGCTAC
TCTGAGGACGATATTCCTCGAG
GAATATCGTCCTCAGAGTAGCTTTTTG-3,
shRNA#1-R5'- AATTCAAAAA
GCTACTCTGAGGACGATATTCCTCGAGGAATATCGT
CCTCAGAGTAGC-3 ,YTHDF2-shRNA#2-F 5'-CCGGCGGT
CCATTAATAACTATAACCTCGAGGTTATAGTTA
TTAATGGACCGTTTTTG-3, YTHDF2-shRNA#2-R 5'-
AATTCAAAAACGGTCCATTAA
TAACTATAACCTCGAGGTTATAGTTATTAATGGACC
G-3,YAP-shRNA-F5-CCGGCC
CAGTTAAATGTTCACCAATCTCGAGATTGGTGAACA
TTTAACTGGGTTTTTG-3’, YAP-shRNA-R 5-AATTCAAA
AACCCAGTTAAATGTTCACCAATCTCGAG ATTGGTG
AACATTTAACTGGG-3,EGFP-shRNA-F 5-CCGGTACA
ACAGCCACAACGTCTATCT
CGAGATAGACGTTGTGGCTGTTGTATTTTTG-3,EGF
P-shRNA-R 5'-AATTCAAAAA
TACAACAGCCACAACGTCTATCTCGAGATAGACGTT
GTGGCTGTTGTA-3") were firstly annealed into double
strands and then cloned into pLKO.1-puro (Sigma).

YTHDE2-

Transfection

Cells were transfected with plasmid DNA or shRNA using lipo-
fectamineTM2000 Reagent (Invitrogen) following the manu-
facturer’s protocol.

Generation of stable cell lines

To produce cells that constitutively expressed small hairpin RNA
or short hairpin RNA (shRNA). The packaging plasmid psPA x
2 and the envelope plasmid pMD2.G were purchased from
Sigma (MO, USA). PLKO.1-sh-YTHDEF2 vector was co-trans-
fected with psPA x 2 and pMD2.G into HEK293T cells using
Lipofectamine 2000 (Invitrogen). Viruses were harvested 48 h
and 72 h after transfection and viral titers were determined. Cells
were infected with 1 x 10° recombinant lentivirus transduction
units in the presence of 8mg/mL polybrene (Sigma, MO. USA).
Puromycin (1 ug / mL) was added to cells until the cells in blank
group died off. The survival cells were stable infected cells.

Cell Counting Kit-8assay

The measurement of viable cell mass was performed with Cell
Counting Kit-8 (Promega) according to manufacturer’s
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instructions. Briefly, 1000 cells/well were seeded in a 96-well
plate and grew in an incubator (5% CO,, 37°C). 10 ul CCK-8
was added to each well respectively in the first six days, and
cells were incubated at 37°C for 2 h and the absorbance was
finally determined at 490 nm.

Colony-forming assay

Stable cell lines-SW1990 and BxPC3 cells were harvested, resus-
pended in medium and were transferred to the six well plate
(500, 1000, 2000 cells per well) for 10-14 days until large colo-
nies were visible. Colonies were fixed in 4% paraformaldehyde
for 30 min and then stained with 0.05% crystal violet for 30min,
and the number of colonies was counted or photomicrographs
were taken under phase-contrast microscope.

Wound Healing assay

Cells have grown to confluence in complete cell culture
medium. At time Oh, a scrape wound was created across the
diameter with a 10-ul pipette tip followed by extensive washes
with medium to remove dead and floating cells. The distance
was recorded at 0 and 24 h. Images were captured using an
inverted microscope equipped with a digital camera.

Migration assay and invasion assay

For assessing cell migration, 5 x 10 cells in serum free media
were seeded into the transwell inserts (Corning) containing
8-um permeable pores and were allowed to migrate toward
10% FBS-containing medium. 36~48 h later, the migrated cells
on the bottom of the insert were fixed with 4% paraformalde-
hyde solution followed by crystal violet (1%) staining. Pictures
were taken after washing the inserts three times with PBS. Five
independent fields were counted for each transwell and the
average numbers of cells/field were represented in the graphs.
For assessing cell invasion, 5 x 10” cells in serum-free medium
were seeded in the transwell inserts which had already been
covered with a layer of BD Matrigel Basement Membrane. The
cells were later processed similar to that of cell migration assay.
Finally, invaded cells were counted and the relative number
was calculated.

Cell adhesion assay

Briefly, 96 well plates were coated with a layer of BD Matrigel
using the manufacture’s procedure. 4 x 10* cells/well were
seeded in a 96-well plate and grew in an incubator. To allow
the cells to attach, the plate was incubated at 37°C for 2 h.
Non-adherent cells were removed by carefully aspirating the
supernatant and rinsing with PBS. Complete growth media
containing 10 ul CCK-8 was then introduced and incubated
for 2 h (37°C) and the absorbance was finally determined at
490nm.

Cell cycle analysis

Transfected and treated cells were incubated 5 min at 37°C in
lysis buffer with Hoechst (Chemometec). Thereafter, cells
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received stabilizing buffer, before they were analyzed on a
Nucleo Counter 3000 (Chemometec) for DNA quantitation in
three independent experiments.

Retrospective analysis of YTHDF2 gene expression
in human cancer

Correlations between pancreatic cancer pathologicT, stagean-
dYTHDE2 gene expression were determined through analysis
of GEO and TCGA databases, which are available through
NCBI (https://www.ncbinlm.nih.gov) and UCSC (https://
genome-cancer.ucsc.edu). YIT'HDEF2 protein expression in pan-
creatic cancer tissues and normal tissues was determined from
the human protein atlas (www.proteinatlas.org). YTHDEF2
mRNA expression in gastric, brain, lung, liver cancer tissues
and normal tissues were determined through analysis of DEr-
rico, TCGA, Selamat and Roessler datasets respectively which
are available through Oncomine(Compendia Biosciences,
Wwww.oncomine.org).

Statistical analysis

All grouped data is presented as mean =+ standard error. Differ-
ences between groups were assessed by ANOVA or Student’s t-
test using GraphPad Prism5 software. Differences with P values
less than 0.05 were considered significant.
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