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KEYWORDS Abstract Accumulating evidence indicates that RNA methylation at N®-methyladenosine
IGF2BP2; (m6A) plays an important regulatory role in gene expression and aberrant mRNA mé6A modifi-
LINC00901; cation is often associated with a variety of cancers. However, little is known whether and
MYC; how m6A-modification impacts long non-coding RNA (IncRNA) and IncRNA-mediated tumorigen-
N6-methyladenosine esis, particularly in pancreatic ductal adenocarcinoma (PDAC). In the present study, we report

that a previously uncharacterized IncRNA, LINCO0901, promotes pancreatic cancer cell growth
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modification (m6A);

and invasion and moreover, LINC0O0901 is subject to méA modification which regulates its
expression. In this regard, YTHDF1 serves as a reader for the mé6A modified LINC00901 and
downregulates the LINC00901 level. Notably, two conserved méA sites in LINCO0901 are critical

to the recognition of LINCO0901 by YTHDF1. Finally, RNA sequencing (RNA-seq) and gene func-
tion analysis revealed that LINC0O0901 positively regulates MYC through upregulation of
IGF2BP2, a known RNA binding protein that can enhance MYC mRNA stability. Together, our re-
sults suggest that there is a LINC00901-1GF2BP2-MYC axis through which LINCO0901 promotes

© 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

PDAC;
YTHDF1
PDAC progression in an méA dependent manner.
org/licenses/by-nc-nd/4.0/).
Introduction

Chemical modifications of RNA molecules play a critical role
in the control of messenger RNA (mRNA) and non-coding
RNA." Over the past decades, more than 100 types of chem-
ical modifications have been identified, and among them Né-
methyladenosine (m6A) is one of the most common, abun-
dant, and conserved internal modification in eukaryotes RNA
species.””® The méA mark is dynamically installed by mé6A
methyltransferases (i.e., writers), composed of METTL3 and
METTL14* and their cofactors, and can be removed by
demethylases (i.e., erasers), such as FTO and ALKBH5.%® The
recognition of m6éA modified RNA by specific m6A-binding
proteins (i.e., readers), such as YT521-B homology (YTH)
family proteins, causes functional changes of the methylated
RNAs, including nuclear trafficking, stability, alternative
splicing, translation and RNA-protein interaction.””® Thus,
mé6A modification impacts almost all aspects of biological
processes, and dysregulation of méA modification can lead to
diverse diseases including cancers.

Pancreatic ductal adenocarcinoma (PDAC) ranks the
fourth leading cause of cancer-related deaths, and it is
predicted to become the second leading cause of cancer-
related deaths by 2030 in the western world.'®"" PDAC is a
heterogeneous disease which harbors a variety of genomic,
proteomic and epigenetic alterations resulting in tumor
growth and immune escape.'” Recent studies have sug-
gested that epigenetic regulation involving méA modifica-
tion plays a role in occurrence of PDAC. For example, the
upregulation of METTL3 not only promotes cell proliferation
and invasion, but also enhances chemo- and radio-
resistance of pancreatic cancer cells.’>'® RNA-seq anal-
ysis has demonstrated that upregulation of METTL3 upon
cigarette smoke catalyzes the mé6A modification of an
oncogenic primary microRNA, miR-25, accelerating the
maturation of miR-25, and thus promotes pancreatic cancer
progression.’®> Moreover, a low level of demethylase
ALKBH5 has been implicated in gemcitabine-resistance in
PDAC."® These results provide first lines of evidence that
m6A modification may play important roles in regulating
PDAC progression. However, the underlying mechanism of
how m6A modification regulates this process is still far from
being understood.

While extensive studies have been carried out in m6A
modification of mRNA, much less is known regarding méA
modification of long non-coding RNAs (IncRNAs). There is a

paucity of information available regarding IncRNA mé6A
modification and its role in PDAC. Limited literature infor-
mation suggests that LncRNAs, like mRNAs, can also be
subject to méA modification. For instance, the demethy-
lation of IncRNA KCNK15-AS by ALKBH5 leads to down-
regulation of KCNK15-AS, which helps to inhibit PDAC cell
motility.”” Given that epigenetic regulation is one of the
main mechanisms to control the expression of IncRNAs and
its tissue specificity,'® it is imperative to characterize
IncRNA méA modification in PDAC.

In the present study, we adopted methylated RNA
immunoprecipitation (MeRIP) and ncRNA profiling ap-
proaches, and identified LINCO0901 as an méA-modified
IncRNA in PDAC cells. We showed that LINCO0901 promotes
PDAC cells proliferation, survival, invasiveness and tumor
growth. Importantly, YTHDF1 serves an méA reader for the
m6A-modified LINCO0901 and negatively regulates its
expression level. In support of this finding, there is a
negative correlation between LINC00901 and YTHDF1 in
clinical samples. Finally, RNA-seq and bioinformatic ana-
lyses combined with gain/loss of functional studies suggest
that there is an m6A dependent LINCO0901-IGF2BP2-MYC
axis that drives PDAC progression.

Materials and methods
Cell lines

All cell lines in this study were obtained from American
Type Culture Collection (Manassas, VA, USA). Pancreatic
cancer cell line MIA PaCa-2 cells were cultured in DMEM
medium (Fisher Scientific, Pittsburgh, PA, USA) supple-
mented with 10% FBS and 2.5% horse serum. AsPC-1 cells
were maintained in RPMI-1640 (ATCC) medium supple-
mented with 10% FBS. 293T cells were cultured in DMEM
medium supplemented with 10% FBS. All mediums contain
100 U/mL penicillin and 100 pg/mL streptomycin. The cell
lines were authenticated by short tandem repeat (STR)
analysis (Shanghai Biowing Applied Biotechnology,
Shanghai). All cells were maintained at 37 °C in a humidi-
fied 5% CO, atmosphere.

Reagents

Sources of primary antibodies were as follows: mé6A anti-
body (MABE1006) was from MilliporeSigma (St. Louis, MO,
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USA); YTHDF1 (#86463), YTHDF2 (#80014), IGF2BP2
(#14672) were purchased from Cell Signaling Technology
(Danvers, MA, USA); YTHDF3 (25537-1-AP) and GAPDH
(60004-1-Ig) was from Proteintech (Chicago, IL, USA); MYC
antibody was from Abcam (Cambridge, MA). Secondary
antibodies conjugated with IRDye 800CW or IRDye 680 were
purchased from LI-COR Biosciences (Lincoln, NE, USA).
Streptavidin-agarose beads were from MilliporeSigma. The
Protein A/G agarose beads were from Santa Cruz (Dallas,
TX, USA). The high-fidelity Phusion enzyme was purchased
from Fisher Scientific; PCR primers (Table S1) were pur-
chased from Integrated DNA Technologies (Coralville, IA,
USA). The EpiQuik CUT&RUN mé6A RNA Enrichment (MeRIP)
Kit was purchased from Epigentek (Farmingdale, NY, USA).

MeRIP and [IncRNA gPCR profiling

For MeRIP assay, total RNA was isolated from MIA PaCa-2
cells and 40 pg of such RNA was directly diluted in 500 pL
RIP buffer (10 mM Tris pH 7.4, 150 mM NaCl, 0.1% NP40,
100U RNase inhibitor) and incubated with anti-m6A anti-
body or mouse IgG on a head-over-tail rotor at 4 °C over-
night. The mé6A RNAs were immunoprecipitated with 30 uL
Protein A/G beads for 2 h at 4 °C. After a brief spin, the
beads were then washed with RIP wash buffer for 5 times.
Finally, m6éA RNA was extracted by phenol/chloroform
method. cDNA synthesis was carried out using RevertAid™
Reverse Transcriptase (Fisher Scientific) with random
primers. GAPDH and IncRNA BC200 were used as internal
controls. For IncRNA profiling, we used version 2 of Human
Disease-Related LncRNA Profiler (Table S1).

Construction of plasmids

For expression of LINCO0901, we amplified LINCO0901 from
cDNA using primers LINC0O0901-S1m-R1-5.1 and LINC00901-
S1m-BamH1-3.1 (Table S1) and then cloned into S1m tagged
expression vector (Addgene #138581) which has been pre-
viously described.'” Mutation of LINCO0901 at two putative
m6A sites was made by two overlapped PCR products using
two pairs of primers, LINC901-S1m-R1-5.2 and LINC901-mt-
3.1; LINC901-mt-5.1 and LINC901-S1m-BamH-3.1 (Table S1),
and then cloned into S1m vector at EcoR | and BamH | sites.
For KO of YTHDF1 or LINC00901, we made a dual gRNA
construct carrying Cas9 in a lentiviral vector as described
previously.?® Sequences of gRNAs were listed in Table S1.
For luciferase assays, we constructed a MYC 3’-UTR lucif-
erase reporter in pGL3-control vector at Xbal site as pre-
viously described.?’ The high-fidelity Phusion enzyme was
used to amplify DNA fragments by PCR for cloning purpose.
All PCR products were verified by DNA sequencing. YTHDF1
was cloned into pCDH-Myc vector using primers YTHDF1-
Myc-R1-5.1 and YTHDF1-Myc-Not1-3.1 (Table S1).

S1m-tagged RNA pulldown

Modified S1 (S1m)*? was derived from a streptavidin-binding
aptamer termed $12>% that acts like biotin. Thus, the S1m
tagged RNA molecules can be in vivo pulled down by
streptavidin beads. In this case, a 10-cm dish of MIA PaCa or
AsPC-1 cells infected with S1m vector or S1m-LINC00901

were harvested and then lysed with 1 ml lysis buffer con-
taining protein inhibitors and RNase inhibitor. The super-
natant was collected after centrifugation for 10 min at 4 °C
and then incubated with streptavidin beads for 30 min at 4
°C to remove the background. The precleaned cell lysate
was transferred to a new tube and 2% of the lysate was used
as an input. The remaining lysate was incubated with
streptavidin beads for 4 h at 4 °C followed by washing 5
times with ice-cold PBS. Finally, the pellet was dissolved in
30 uL 2 x SDS sample buffer, followed by SDS-PAGE and
Western blot with a specific antibody.

To detect mé6A modified LINC00901, we also used
precipitated S1m-LINC00901 with the streptavidin beads
and incubated with m6A antibody (2 ng) overnight at 4 °C
with rotation. After 5 times of washes with ice cold PBS,
the precipitates were resuspended in 30 uL 2 x SDS sample
buffer. Finally, m6A antibody bound to S1m-LINC00901 was
subject to SDS-PAGE and Western blot; the signal was
detected with a secondary antibody conjugated with
IRDye 680.

Quantification of S1m-tagged LINCO0901 by ELISA

The S1m-tagged RNA pulldown procedure was same as
above, and then the precipitated RNA was extracted by
phenol-chloroform mixture. EpiQuik m6A RNA Methylation
Quantification Kit (Epigentek, Farmingdale, NY, USA) was
used to determine the mé6A RNA methylation levels of
recovered RNA following the manufacturer’s instructions.

Knockout (KO) by the CRISPR approach

We knocked out LINCO0901, YTHDF1, IGF2BP2 and METTL3
using CRISPR/Cas9 dual gRNA approach as described previ-
ously.””> Two gRNAs targeting each gene was cloned into a
modified LentiCRISPR v2%° by using the optimized scaffold?’
to generate LCV2-m. All primer sequences were listed in
Table S1. The lentiviral vector carrying Cas9 and dual
gRNAs, driven by human U6 and mouse U6 promoter,
respectively, were introduced into MIA PaCa-2 or AsPC-1
cells by infection. Three days after infection, cells were
subject to puromycin selection. Then, individual colonies
were manually picked and expanded in 24-well plates 2
weeks later. KO clones were identified by genomic PCR and
qRT-PCR or Western bot.

Lentivirus infection

Lentivirus was packaged in 293T cells using the third gen-
eration of packaging system and the virus containing cul-
ture medium was collected 48 h after transfection and spun
for 10 min at 3,000 rpm. Lentivirus infection was carried
out in 6-well plates by mixing 500 uL virus supernatant
+500 pl medium containing 8 pg polybrene.

Quantitative RT-PCR (qRT-PCR)

PCR was performed using a standard SYBR Green method
(Bio-Rad, Hercules, CA, USA) as previously described.”®
Delta—delta Ct values were used to determine their rela-
tive expression.
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Cell proliferation assay

Cell proliferation assays were carried out by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assays, as previously described.?’

Colony formation assay

For the colony formation assay, cells were seeded in 6-well
plates. After 14 days, the cells were fixed with 4% PFA
(Sigma) and then stained with 0.5% crystal violet. The
number of colonies was countered for five representative
fields. The experiments were repeated for three times.

Cell migration and invasion assay

Cell migration and invasion assays were determined using
24-well transwell inserts or matrigel transwell inserts from
BD Biosciences (San Jose, CA, USA). After trypsinization, 5
x 10* cells were resuspended in 100 pL serum-free medium
and seeded in the upper chamber, and the regular medium
containing 10% FBS was placed in the lower chamber. After
20 h, cells remaining in the upper membrane surface were
removed with a cotton swab, whereas the cells on the
lower surface were fixed in methanol, stained with 0.5%
crystal violet. For quantification, pictures for each insert
were taken at 20x magnification, and the cells were
counted under an optical microscope.

RNA stability assay

Cells were seeded in 12-well plates overnight, and then
treated with 2 pg/mL actinomycin D (Sigma—Aldrich, USA)
for various time points. Total RNA was isolated by Direct-zol
RNA Miniprep Kit (Zymo, CA, USA). The RNA level for each
group at the indicated time points was analyzed by gRT-
PCR, calculated by delta—delta Ct and normalized by Ué.

Western blot

Cells were harvested, and proteins were extracted and
quantified as previously described.*° Protein samples were
separated in an SDS-PAGE gel before transferring to PVDF
membrane. After probing with a primary antibody, the
membrane was incubated with a secondary antibody
labeled with either IRDye 800CW or IRDye 680. Finally,
signal intensity was determined using the Odyssey Infrared
Imaging System (LICOR Biosciences, Lincoln, NE, USA).

Luciferase assay

Luciferase assay was performed as previously described.'
Briefly, cells were transfected with appropriate plasmids in
12-well plates, and cultured for 30 h. Then the cells were
harvested and lysed for luciferase assay by using Dual-
Luciferase™ Reporter Assay System (Promega, Madison, WI,
USA) according to the manufacturer’s protocol. Renilla
luciferase was used for normalization.

Animal work

Nude (nu/nu) mice (4—5 weeks old) were purchased from
Harlan Laboratories (Indianapolis, IN, USA). All animal
studies were conducted in accordance with NIH animal use
guidelines and a protocol approved by the UMMC Animal
Care Committee. MIA PaCa-2 cells with LINCO0901 over-
expression or vector control (pCDH); LINC00901 KO or vec-
tor control (LCV2-m) at the exponential stage were
harvested and mixed with 50% matrigel, and then injected
into mice (2.5 million cells/spot) s.c. as described previ-
ously.?" Tumor growth was measured every 4 days, starting
2 weeks after injection of tumor cells.

RNA-seq and data analysis

Total RNA was extracted by Direct-zol RNA Miniprep Kit
(Zymo) following the manufacturer’s procedure. The total
RNA quality and quantity were analysis of Bioanalyzer 2100
and RNA 6000 Nano LabChip Kit (Agilent, CA, USA) with RIN
number >7.0. Then the paired-end 2 x 150 bp sequencing
was performed on an Illumina Hiseq 4000 platform at the LC
Science (Houston, TX, USA) following the vendor’s recom-
mended protocol. Briefly, the sequence quality was verified
using  FastQC  (http://www.bioinformatics.babraham.
ac.uk/projects/fastqc/). Then, Bowtie2®? and HISAT23?
were employed to map reads to the genome of homo sa-
piens (Version: v96). The mapped reads of each sample
were assembled using StringTie.>* After the final tran-
scriptome was generated, StringTie and edgeR*® were used
to estimate the expression levels of all transcripts. The
differentially expressed mRNAs were selected with log2
(fold change) > 1 or log2 (fold change) <-1 and with sta-
tistical significance (P value < 0.05) by R package Ball-
gown.>® The Gene Orthology (GO), and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analysis were
performed by LC Science. The raw sequencing data related
to this study (LINCO0901 overexpression or knockout RNA
sequencing) were available on GEO using the accession
number GSE169660 and GSE169705, respectively.

Gene set enrichment analysis (GSEA)

To interpret the function of regulated genes after
LINCO0901 overexpression or KO, gene set enrichment
analysis (GSEA) (version 4.1.0) was performed with MSigDB
gene sets (h.all.v7.2.symbols.gmt) and (c2.cp.kegg.v7.4.-
symbols.gtm) gene sets for Hallmarks and KEGG pathways.
A normalized enrichment score (NES) was calculated as the
primary statistics of GSEA, and genes were ranked with the
metric of absolute *signal to noise” value.

CUT&RUN m6A RNA enrichment

The assay was performed according to the manufacturer’s
instruction. In brief, total RNA was extracted from MIA
PaCa-2 cells by RNeasy Mini Kits (Qiagen). For méA pull-
down, 10-ug RNA was used for each reaction. After
immnoprecipitation, the captured RNA samples were
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divided into two groups. One group was digested by pro-
teinase K plus méA-modified RNA digestion enzyme, the
other group was only digested by proteinase K. Next, the
treated RNA was purified and eluted from beads, and
immediately used for qRT-PCR.

Bioinformatic analysis

Correlations between pancreatic cancer patient survival and
LINCO0901, YTHDF1, YTHDF2 and YTHDF3 expression from
Kaplan—Meier plotter (http://kmplot.com) pan-cancer
dataset was analyzed using auto best cutoff. A total of 177
pancreatic cancer samples were split in high and low groups
according to the cutoff value. The hazard ratio with 95%
confidence intervals and log rank p value was calculated and
significance was set at P < 0.05. Microarray data of LINCO0901
and YTHDF1 expression from GEO dataset (GSE16515), which
included 16 pairs of pancreatic tumor was downloaded from
GEO (http://www.ncbi.nlm.nih.gov/geo/).

Statistics

All quantitative data are presented as mean =+ S.D. of at
least three independent experiments or biological repli-
cates. Differences between the means of two samples were
analyzed by Student’s t-test, while one-way ANOVA was
used for multiple groups. Statistical analyses were per-
formed using GraphPad Prism 8. P values were calculated as
described in figure legends for each experiment. P < 0.05
was considered to be statistically significant. All data shown
were representative of two or more independent experi-
ments with similar results, unless indicated otherwise.

Results

LINC00901 is subject to an N®-methyladenosine
(m6A) modification

A large body of evidence suggests that mRNA méA modifi-
cation plays an important role in diverse human diseases
including cancers,*” however much less is known regarding
m6A modification of IncRNAs. To determine the role of mé6A
modification of IncRNAs in pancreatic cancer, we extracted
total RNA from MIA PaCa-2 cells, and then performed MeRIP
assays. The enriched m6A-IncRNAs were subsequently sub-
ject to qRT-PCR profiling with primers for a focus group of
IncRNAs as previously described.’®*° We found that a
number of IncRNAs were enriched by méA antibody, and
among them five IncRNAs were significantly (>2.0-fold
enrichment vs. IgG group) enriched (Fig. 1A). LINCO0901
(also called BC040587) was a top candidate and thus was
chosen for further characterization. Further qRT-PCR as-
says confirmed the enrichment of LINCO0901 in
both MIA PaCa-2 and AsPC-1 cells (Fig. 1B). To further
demonstrate the m6A modification of LINCO0901, we per-
formed a special reciprocal RNA precipitation. We
first infected MIA PaCa-2 or AsPC-1 cells with S1m-tagged
LINC00901, and then recovered S1m-tagged LINC00901

RNA by pulldown with streptavidin beads. Next, we
incubated the precipitated LINCO0901 with m6A antibody
(mouse specific) overnight at 4 °C and precipitated again,
followed by Western blot with second antibody against
mouse 1gG (H + L). As expected, we detected a strong
signal of both heavy chain (HC) and light chain (LC) in the
LINC00901-S1m lane, but only a little background in the
vector control lane (Fig. 1C), further supporting that
LINCO0901 is methylated at m6A. Moreover, we also
performed ELISA assay for such precipitated LINC00901
to measure the m6A level using EpiQuik mé6A RNA Methyl-
ation Quantification Kit. Consistent with above results, we
detected a higher level of méA signal in LINCO0901 group
than vector control (Fig. 1D). Collectively, these results
suggest that LINC00901 is mé6A modified in PDAC cells.

The increased level of LINCO0901 is associated with
poor prognosis of pancreatic cancer patients

Of interest, analysis of PADC patients from Kaplan—Meier
plotter (http://kmplot.com) pan-cancer dataset suggested
that a high level of LINCO0901was significantly associated
with a poor prognosis in these patients for overall survival
(OS) (Fig. 1E) or relapse free survival (RFS) (Fig. 1F). In
support of this finding, analysis of LncExpDB database
(https://bigd.big.ac.cn/Incexpdb)®® revealed the signifi-
cant high expression of LINCO0901 in pancreatic cancer cell
lines compared to normal pancreas cells (Fig. S1).

The oncogenic role of LINCO0901 in PDAC

To define the role of méA-regulated LINCO0901 in pancreatic
cancer tumorigenesis, we ectopically expressed LINC00901
in MIA PaCa-2 and AsPC-1 cells, respectively, and found that
LINCO0901 overexpression increased cell proliferation, as
detected by MTT assays (Fig. 2A) or cell survival, as deter-
mined by colony formation assays (Fig. 2B). Furthermore,
overexpression of LINC0O0901 promoted cell migration and
cell invasion in MIA PaCa-2 (Fig. 2C) or AsPC-1 cells (Fig. 2D).
Mouse xenograft model with MIA PaCa-2 cell with LINCO0901
overexpression revealed that LINCO0901 also significantly
promoted tumor growth (Fig. 2E).

To further determine the function of LINCO0901 in PDAC
progression, we knocked out LINCO0901 using CRISPR/Cas9
approach in MIA PaCa-2 and AsPC-1 cells. We chose two
knockout (KO) clones of each cell line for further charac-
terization. As shown in Figure 3A, LINCO0901 KO caused a
strong reduction of cell proliferation rate as compared with
vector control. Colony formation assays showed that
LINC0O0901 KO repressed cell survival ability (Fig. 3B).
Moreover, the migration and invasion ability were signifi-
cantly impaired in LINC00901 KO cells in MIA PaCa-2 or
AsPC-1 cell (Fig. 3C). More importantly, rescue experiment,
i.e., re-expression of LINCO0901 in KO cells, restored the
proliferation (Fig. S2A, B) and invasion ability (Fig. S2C, D).
Finally, xenograft tumor model revealed that KO of
LINC00901 significantly repressed tumor growth (Fig. 3D), in
contrast to LINCO0901 overexpression (Fig. 2E). These
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Figure 1 LINC00901 is an m6A-modified IncRNA and its high level is associated with poor prognosis of PDAC patients. (A) MeRIP

and IncRNA profiling identified five candidate IncRNAs in MIA PaCa-2 cells, among them LINC00901 is a top candidate. BC200 and
GAPDH were used as internal controls. (B) Validation of IncRNA profiling results in both MIA PaCa-2 and AsPC-1 cells by MeRIP and
qRT-PCR assay. (C) Detection of interaction of LINC00901 with m6A antibody in MIA PaCa-2 and AsPC-1 cells. In vivo expressed S1m-
tagged LINCO0901 or vector control (S1m) was first pulled down by streptavidin beads and then incubated with méA antibody
overnight. The signals bound to the membrane were detected by donkey anti-mouse antibody conjugated with IRDye® 680RD. HC,
heavy chain; LC, light chain. (D) RNA méA methylation level of LINC00901 as determined by EpiQuik m®A RNA Methylation Quan-
tification Kit. In vivo expressed S1m-tagged LINC00901 or vector control (S1m) was pulled down by streptavidin beads and then the
bound S1m-tagged RNA was isolated from the precipitates by phenol/chloroform extraction. The méA level of purified RNA was
measured per the manufacturer’s instruction. (E, F) The data obtained from the Kaplan—Meier plotter database (http://kmplot.
com/analysis/) suggests poor overall survival (OS) and relapse-free survival (RFS) with high expression levels of LINC00901,
compared with those in the low expression levels. Values are mean + S.D., n = 3, *P < 0.01; ns, no significant.

results further support the role of LINCO0901 in promoting
PDAC progression.

YTHDF1 serves as a reader for m6A-modified
LINC00901

To determine which readers recognize m6A-modified
LINC00901, we performed in vivo RNA precipitation using
S1m-tagged LINC00901, followed by Western blot using
antibodies against YTH family proteins because the YTH
family proteins are major m6A readers.'"** Although we
tested three members of this YTH family (YTHDF1, YTHDF2
and YTHDF3), we found that only YTHDF1 interacted with
LINCO0901 (Fig. 4A; Fig. S3A, B). RIP assay by YTHDF1
antibody also confirmed the interaction between YTHDF1
and LINC00901, revealing >40-fold (MIA PaCa-2) or 7-fold
enrichment (AsPC-1) (Fig. 4B).

To further determine the role of méA on the interaction
between LINC00901 and YTHDF1, we generated METTL3 KO

in MIA PaCa-2 cells. Although METTL3 KO had no significant
effect on the level of YTHDF1 (Fig. S4A), METTL3 KO abol-
ished the enrichment of LINCO0901 by YTHDF1 as compared
to vector control (Fig. S4B), supporting the importance of
YTHDF1 as a reader for regulation of LINCO0901. We also
found that METTL3 KO increased the level of LINCO0901
(Fig. S4Q).

Given that the recognition of target RNA by reader
proteins is dependent on méA modification, we tested the
importance of the m6A modification to the interaction of
LINC00901 with YTHDF1. To this end, we first identified two
potential m6A modified sites (nt 286 and nt 305) in
LINC00901 sequences by an online m6A site predictor pro-
gram SRAMP (sequence-based RNA adenosine methylation
site predictor, http://www.cuilab.cn/sramp) (Fig. S5A).
Next, we took a commonly used mutagenesis approach®*
and generated a mutant for these two sites where "A”
was mutated to “U” (Fig. S5B). This mutant (LINCO0901-
Mut) construct was introduced into MIA PaCa-2 and AsPC-
1 cells, respectively, followed by the S1m-tagged RNA
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Figure 2 Effect of LINCO0901 overexpression on PDAC cell proliferation, invasion and tumor growth. (A) Overexpression of

LINC00901 promotes cell proliferation of MIA PaCa-2 (left) and AsPC-1 (right) cells, as determined by MTT assay. (B) Overexpression
of LINCO0901 increases colony formation. Left, the representative pictures of cell colony; right, quantitative results. (C) LINCO0901
enhances migration and invasion ability of PDAC cells. Transwell assays were performed to evaluate the migration and matrigel
transwell assays used to determine invasion ability following LINC0O0901 overexpression. (D) LINCO0901 promotes tumor growth of
MIA PaCa-2 cells. LINCO0901 overexpression or vector control cells were subcutaneously injected into nude mice as described in
“Materials and Methods”. Tumors were harvested at the end of experiment. Left, tumor weight; right, image of tumor. Values are

mean + S.D., n = 3 except for (D), **P < 0.01; bar, 100 um.

pulldown. We also included wild type (LINCO0901-WT) or
vector control (S1m) in this experiment as controls. As
expected, the mutation at these two sites substantially
decreased the interaction between YTHDF1 and LINC00901
(Fig. 4C), suggesting that mé6A modification of LINCO0901 is
essential to the recognition of LINCO0901 by YTHDF1. In
addition, MeRIP/Cut&RUN assay also suggested the impor-
tant role of these potential méA sites (Fig. S5C).

To assess the role of LINCO0901 m6A modification, we
introduced mutant LINCO0901 (at méA sites, see Fig. S5B)
into LINC00901 KO cells. We found that both wild type and
mutant LINC0O0901 promoted cell migration, invasion and
colony formation, however, the degree of this promotion by
the mutant LINCO0901 was higher than the wild type
LINC00901 (Fig. S6A, B). This is likely due to a higher level
of mutant LINCO0901 (Fig. S6C).

Recognition by YTHDF1 reduces LINCO0901
stability

YTHDF1 is known to preferentially bind to méA sites around
stop codons in mRNA and the translation initiation complex,
promoting translation of target mRNAs.** However, the
function of YTHDF1 recognition in IncRNAs remains unclear.
Given that m6A modification has been shown to regulate the
fate of target IncRNAs by modulating its RNA stability, we

determined the effect of YTHDF1 on LINC00901 level by
YTHDF1 overexpression. Interestingly, ectopic expression of
YTHDF1 resulted in the downregulation of LINC00901 as
compared to vector control (Fig. 4D; Fig. S7A, B). In
contrast, LINCO0901 level was not affected by YTHDF2 or
YTHDF3 (Fig. S7C, D). To further determine the effect of
YTHDF1 on LINC0O0901 expression, we knocked out YTHDF1
in MIA PaCa-2 and AsPC-1. KO clones were identified by anti-
YTHDF1 antibody immunoblotting. We found that LINCO0901
level was significantly higher in MIA PaCa-2 KO cells than
vector control (Fig. 4E). More importantly, re-expression of
YTHDF1 in both KO clones (KO#5 and KO#9) decreased
LINC00901 level (Fig. 4F). Similar results were also seen in
AsPC-1 cells (Fig. S8A, B) Together, these results suggest
that YTHDF1 serves as a negative regulator for LINC00901.

Next, we tested the effect of YTHDF1 on LINC00901 half-
life. As shown in Figure 4G, the half-life of LINCO0901 is
much longer in YTHDF1 KO cells (~4 h) than in vector
control cells (~2.2 h). To determine the critical role of
m6A modification in the regulation of LINC0O0901 stability by
YTHDF1, we infected MIA PaCa-2/LINC00901 KO cells (i.e.,
no endogenous LINCO0901 background) with lentivirus
expressing wild type LINCO0901 (901-WT) or méA site
mutant LINC00901 (901-Mut). We found that the half-life of
the mutant LINC00901 was ~3.7 h as compared to ~2.4 h
for wild type LINC00901 (Fig. 4H). Moreover, MTT assay
revealed that the proliferation rate for the cell carrying
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Effect of LINCO0901 KO on PDAC cell proliferation, invasion and tumor growth. (A) LINC0O0901 KO suppresses prolif-

eration of MIA PaCa-2 (left) or AsPC-1 (right) cells. Cell proliferation was determined by MTT assay. (B) LINC00901 KO causes the
decrease of colony formation of MIA PaCa-2 or AsPC-1 cells. Left, the representative pictures of cell colonies; right, the quanti-
tative data. (C) LINC00901 KO results in a significant decrease in cell migration or invasion potential in MIA PaCa-2 or AsPC-1 cells.
(D) LINCO0901 KO suppresses tumor growth of MIA PaCa-2 cells. Tumors were harvested at the end of experiment. Left, tumor
weight; right, image of tumors. Values are mean + S.D., n = 3 except for (D); **P < 0.01; bar, 100 pm.

mutant LINC0O0901 was higher than that for wild type
LINC00901 cells (Fig. S8C). Together, these results suggest
that the recognition of mé6A-modified LINCO0901 by YTHDF1
accelerates LINC0O0901 decay.

Moreover, there was a significant negative correlation
between YTHDF1 and LINCO0901 expression levels in PDAC
patient samples by interrogating microarray data from GEO
dataset (Fig. S9A). Kaplan—Meier plot analysis showed that
YTHDF1 expression level is positively associated with PDAC
patient overall survival (Fig. S9B), which is contrary to the
role of LINC0O0901 in PDAC patient’s prognosis, further
supporting the clinical importance of this LINC00901-
YTHDF1 regulatory system.

Effect of LINCO0901 on MYC expression

Having demonstrated the role of LINC00901 in PDAC and the
interaction of YTHDF1 with LINC0O0901, we then determined
how LINC00901 plays an oncogenic role. Thus, we con-
ducted RNA sequencing (RNA-Seq) for the PDAC cells with
LINCO0901 overexpression or LINCO0901 KO. This analysis
indicated that LINC0O0901 overexpression resulted in the
alteration of expression of 1964 mRNAs (FC|log2|>1), while
expression of 879 mRNAs was altered after LINC0O0901 KO.
The KEGG pathway dot plots identified top 20 enrichment
pathways filtered by risk factor (<0.05). Among them, the
MAPK signaling pathway is a prominent enriched gene set
associated with LINCO0901 level in both LINCO0901 over-
expression and LINC00901 KO cells (Fig. 5A). GSEA analysis

revealed that similar to KEGG results, LINC0O0901 level was
positively correlated with MAPK signaling pathway (Fig. 5B).
Among the 267 genes of MAPK signaling family, the onco-
gene MYC was of particular interest. Furthermore, GSEA
analysis results also showed that ‘MYC targets’ gene set was
significantly enriched in response to LINC00901 level
(Fig. 5C). gqRT-PCR analysis revealed that the levels of MYC
target genes CDK4, CDC20, MCM2, MMP3 and SNAI2
(encoding the Slug protein) were significantly upregulated
by LINC0O0901 overexpression (Fig. 5D); in contrast these
genes were downregulated by LINC0O0901 KO (Fig. 5E).

To further determine the effect of LINCO0901 on MYC
expression, we measured the mRNA and protein expression
of MYC by LINC00901 overexpression or KO. As shown in
Figure 6A, levels of MYC mRNA were increased in LINC00901
overexpression cells, but were decreased in LINC0O0901 KO
cells. Similar results were also seen at the protein level
(Fig. 6B). Importantly, re-expression of LINC00901 in KO
cells restored the MYC level (Fig. 6C). Furthermore, we
found that LINCO0901 overexpression increased MYC mRNA
stability. For example, the half-life was ~20 min for vector
control, but the half-life was increased to ~30 min
LINCO0901 overexpression (Fig. 6D). In contrast, the half-
life was decreased in LINC00901 KO as compared to vec-
tor control (Fig. 6E). Luciferase assays with MYC 3'-UTR
reporter showed an increased luciferase activity in
LINC00901 overexpression cells (Fig. 6F, right), but a
decreased luciferase activity in LINCO0901 KO cells (Fig. 6F,
left). These results suggest that LINCO0901 positively reg-
ulates the stability of MYC mRNA.
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Figure 4 The recognition of méA-modified LINCO0901 by YTHDF1 suppresses LINCO0901 expression. (A) In vivo RNA pulldown
demonstrates that YTHDF1 binds to LINCO0901. S1m-tagged LINCO0901 was first introduced into MIA PaCa-2 or AsPC-1 cells by
infection and then subject to in vivo RNA pulldown assay and Western blot with YTHDF1 antibody. (B) Detection of the interaction
between LINCO0901 and YTHDF1 in MIA PaCa-2 and AsPC-1 cells by RIP, followed by gqRT-PCR. (C) Mutations at méA sites abolish the
interaction of LINC00901 with YTHDF1. In vivo S1m-tagged RNA was precipitated using MIA PaC-2 cells infected by wild type
LINCO0901 (901-WT), mé6A mutant LINCO0901 (901-Mut) or vector control. (D) Overexpression of YTHDF1 suppressed LINCO0901 RNA
expression level. MIA PaCa-2 cells were infected with YTHDF1 or vector control (pCDH). Three days after infection, total RNA was
extracted and LINC00901 level was determined by qRT-PCR, P1 and P2 refer to primer sets (LINC901 RT-5.1/3.1 and LINC901-RT5.2/
3.2). Upper right corner is a representative Western blot image showing the overexpression of YTHDF1. (E) YTHDF1 KO increases
LINC00901 level. LINC0O0901 level was detected by qRT-PCR in YTHDF1 KO (#5 and #9) or vector control cells. Vector refers to KO
vector LCV2-m. Shown in upper right corner is a representative Western blot image for YTHDF1 KO in MIA PaCa-2 KO clone#5 and #9.
(F) Re-expression of YTHDF1 in the YTHDF1 KO cells rescues its ability to suppress LINCO0901. (G) YTHDF1 KO enhances the stability
of LINCO0901. YTHDF1 KO or vector control cells were treated with actinomycin D (2 ug/ml) for indicated times, and LINCO0901
level was determined by qRT-PCR. (H) The suppression of LINC0O0901 by YTHDF1 is dependent on its m6A modification. MIA PaCa-2
LINC00901 KO cell (clone #A16) were infected with 901-WT or 901-Mut. Three days after infection, the cells were treated with
actinomycin D (2 ng/ml) for indicated times, and LINCO0901 level was determined by qRT-PCR. Values are mean + S.D., n = 3;
**P < 0.01; ns, not significant.

LINC0O0901 upregulates MYC through IGF2BP2 increased (Fig. 7F, top), while LINCO0901 KO decreased
IGF2BP2 (Fig. 7F, bottom). Re-expression of LINCO0901 in the
To determine whether MYC is involved in the LINC00901-  LINC00901 KO cells restored IGF2BP2 protein expression
mediated tumorigenesis in pancreatic cancer, we overex-  (Fig.7G). Finally, we overexpressed IGF2BP2 in LINCO0901 KO
pressed MYC in LINC00901 KO cells. Evidently, MYC over- cells and showed that IGF2BP2 was able to increase the MYC
expression was able to rescue the LINC0O0901-mediated  at both mRNA level (Fig. 7H) and protein level (Fig. 71). To
phenotypes, including increased cell proliferation (Fig. 7A), ~ further determine the role of LINCO0901 on MYC through
cell survival (Fig. 7B) and cell invasion (Fig. 7C). In contrast, ~ |GF2BP2, we knocked out IGF2BP2. We found that IGF2BP2
opposite phenotype alterations were observed in LINCO0901 KO caused downregulation of MYC. Next, we introduced
KO#C6 cells (Fig. ST0A—C). LINC00901 into the IGF2BP2 KO cells. The result revealed that
Of interest, interrogation of the RNA-seq data revealed LINC00901 was still able to induce MYC in the IGF2BP2 KO
that IGF2BP2, an RNA binding protein which has previously ~ background, although the degree of the MYC induction was
been shown to enhance MYC mRNA stability,*> was signifi- ~ notasgreatasin the IGF2BP2 background (Fig. 7L; Fig. 511C),
cantly altered by LINC00901 level (Fig. S11A, B). We  suggesting that other factor(s) may also contribute to
confirmed the RNA-seq results by qRT-PCR (Fig. 7D). LINC00901-mediated MYC expression. These results suggest
LINC00901 KO reduced IGF2BP2 mRNA level (Fig. 7E). At the ~ that LINCO0901 upregulates MYC by enhancing its mRNA
protein level, we also found that LINCO0901 overexpression  stability, at least in part through IGF2BP2.
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Figure 5

LINC00901 regulates MYC signaling pathway. (A) LINCO0901 level is significantly associated with MAPK signaling

pathway. Bulb map of KEGG pathway analysis of differentially expressed genes in MIA PaCa-2 LINC00901 overexpression or KO cells
compared with vector control cells. X-axis represented the ratio of enriched differential genes in each pathway. Y-axis indicated
names of statistics of pathway enrichment. The area of each node represented the number of enriched differential genes. The p-
values were indicated by different color changes from blue to red. (B) GSEA analysis indicates that LINC00901 is involved in MAPK
signaling. NES, normalized enrichment score. (C) Association between the enrichment of MYC targets and LINCO0901 expression by
GSEA analysis. (D, E) The expression of MYC regulated genes related to cell cycle and EMT in LINCO0901 overexpression (D) or KO
cells (E) was detected by qRT-PCR. Values are mean + S.D., n = 3; **P < 0.01.

Discussion

Epigenetic regulation involving méA modification in RNA
molecules can play a critical role in gene expression, and
thus impact various aspects of cancer development and
progression. In this regard, RNA methylation has been
implicated in variety of cancers including leukemia, brain
cancer, breast cancer and liver cancer. These regulators
could play an oncogenic or tumor suppressive role.*® Thus,
the m6A machinery can be explored as therapeutic tar-
gets.*”>*® For instance, combination of a checkpoint inhib-
itor with YTHDF1 deficiency may bring extra benefits to
patients with low response to checkpoint blockades.*’ In
addition, the m6A modification is involved in the regulation
of innate and adaptive immune cells.*®

While intensive studies have been conducted in mé6A
modification of mRNA, IncRNA méA methylation is a rela-
tively new field. Nevertheless, increasing evidence supports
the role of méA modification of IncRNAs in cancer. For
example, in colorectal cancer, m6A modification of IncRNA
PR11 promotes its nuclear accumulation and thus upregu-
lates expression of downstream gene Zeb1, driving the
progression of colorectal cancer.”’ LncRNA DMDRMR in-
teracts with IGF2BP3, stabilizing target genes such as CDK4
in an méA-dependent manner and promoting cell prolifer-
ation in clear cell renal cell carcinoma.®?> The oncogenic
function of I[ncRNA THOR in promoting NSCLC cell

proliferation depends on its méA modification.>* We report
herein that LINC00901 plays an oncogenic role in PDAC and
it is regulated by YTHDF1 via méA modification. Impor-
tantly, our study suggests that there is a LINC00901-
IGF2BP2-MYC axis that contributes to pancreatic cancer
pathogenesis.

Using MeRIP and gRT-PCR, we identify m6A modificationin
LINC00901, which is supported by subsequent experiments.
For example, in vivo pulldown by S1m tagging approach,
followed by méA antibody probing, was able to show méA
modification of LINCO0901 in both MIA PaCa-2 and AsPC-
1 cells. Furthermore, RNA methylation quantification ELISA
assay with streptavidin precipitated S1m-tagged LINCO0901
detected the elevated mé6A signal as compared to the con-
trol, strongly suggesting that LINC00901 is modified by méA.
By using the same mutagenesis approach as we previously did
in IncRNA DANCR, " we were able to identify two show two
conserved m6A sites critical to the interaction between
LINC00901 and YTHDF1. Modification of a target (mRNA or
INncRNA) may cause structural changes in such a way that
different readers can recognize the méA in a cellular content
dependent manner, leading to different functional conse-
quences. In this study, we showed that the biological func-
tion of this modification is to regulate LINC0O0901 level
through YTHDF1 because the mutations at two conserved
m6A sites in LINCO0901 cause an increased half-life of
LINC00901, as compared to its wild type counterpart.
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Figure 6

LINC00901 upregulates MYC. (A) MYC mRNA level is positively correlated with LINCO0901 level. qRT-PCR was employed

to determine MYC mRNA expression in LINCO0901 overexpression (left) or KO (right) cells. (B) MYC protein level is positively
correlated with LINCO0901 level. Western blot was performed to test protein level of MYC in LINCO0901 overexpression (left) or KO
(right) cells. (C) Restoration of LINC0O0901 in KO cells rescues MYC protein expression. MYC protein level in LINCO0901 re-expressed
KO cells was detected by Western blot. (D, E) LINC00901 enhances MYC mRNA stability. LINC00901 overexpression (D) or KO (E) cells
were treated with actinomycin D (2 pg/mL) for indicated times, MYC mRNA level was determined by gRT-PCR. (F) Luciferase
reporter assay. The 3’-UTR region of MYC was cloned into pGL3-control vector as a reporter. Cells (LINC0O0901 overexpression or KO)
were transfected with the reporter or pGL3-control vector and cultured for 30 h, then harvested for luciferase assay. Values are

mean + S.D., n = 3; *P < 0.01.

It is well known that IncRNAs are frequently dysregu-
lated in cancer, which may involve multiple mechanisms,
including copy number alterations, transcription and post-
transcriptional regulation. Our study suggests that mé6A-
mediated regulation of LINCO0901 stability may also serve
as an important mechanism in pancreatic cancer. In support
of this notion, LINC00901 is negatively regulated by YTHDF1
in an méA dependent manner. Furthermore, there is a
negative correlation between LINC00901 and YTHDF1 in
clinical specimens.

YTHDF1 belongs to a member of the YTH family proteins
that have been extensively studied as méA readers, and this
family includes YTHDC1, YTHDC2, YTHDF1, YTHDF2 and
YTHDF3. Although these readers share the same RNA
binding domain (the ~150 amino acid YTH domain), they
can play a distinct role after recognition of méA targets in a
cellular content dependent manner.®* For example,
YTHDC1 is a nuclear m6A reader that can affect splicing and
export of target RNAs,”>™’ YTHDF1~3 are cytosolic
readers that can impact mRNA translation and stability, and
YTHDC2 can be both in nucleus and cytoplasm, but its
function has not been fully elucidated.

An important function for YTHDF1 is that they can
regulate protein translation® because vast majority méA
substrates studied so far are mRNAs. In this regard, YTHDF1

can specifically interact with méA-modified mRNAs, facili-
tate ribosome loading of méA-modified mRNAs and interact
with initiation factors. As a result, it promotes their
translation.** Subsequently, YTHDF1 has been shown to
target EIF3C, a subunit of the protein translation initiation
factor EIF3, in m6A dependent manner, and enhance EIF3C
translation.® In dendritic cells, YTHDF1 recognizes mé6A-
modified transcripts encoding lysosomal proteases and in-
creases the translation of lysosomal cathepsins, through
which YTHDF1 is able to regulate anti-tumor immunity
through mRNA m6A methylation.*’

However, IncRNAs lack the coding capability in general.
Thus, it is imperative to determine the consequence of
YTHDF1 recognition in our study. Several lines of evidence
suggest that the interaction of YTHDF1 with m6A-modified
LINC00901 leads to a decrease in LINCO0901 level through
regulation of its stability, suggesting a novel aspect of
YTHDF1. We first show that YTHDF1 interacts with
LINC00901 by in vivo RNA pulldown assay. Next, we show
that YTHDF1 antibody specifically precipitates LINCO0901
by RIP assay. This interaction between YTHDF1 and
LINC0O0901 depends on méA. Mutations of these m6A sites
abolish their interaction. Furthermore, YTHDF1 over-
expression reduces, whereas YTHDF1 KO increases,
LINC00901 level. More importantly, rescue experiments
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Vector BP2 KO

LINC00901 enhances MYC mRNA stability through IGF2BP2. (A) Overexpression of MYC in LINCO0901 KO cells increases

cell proliferation rate. MIA PaCa-2 LINC00901 KO cells were infected with MYC or vector control (pCDH). MTT assay was performed
to determine the cell proliferation rate. (B) Overexpression of MYC in LINCO0901 KO cells promotes cell survival, as determined by
clonogenic assay. Left, image of clonogenic assay results; right, quantitative results. (C) Overexpression of MYC in LINCO0901 KO
cells promotes cell migration and invasion. (D) LINCO0901 overexpression enhances IGF2BP2 mRNA level. (E) LINCO0901 KO sup-
presses IGF2BP2 mRNA. (F) LINCO0901 overexpression promotes (top) whereas LINC0O0901 KO suppresses IGF2BP2 protein level, as
determined by Western blot with IGF2BP2 antibody. (G) Re-expression of LINCO0901 in LINC0O0901 KO cells rescues IGF2BP2 protein
level. (H) LINCO0901 regulates MYC expression through IGF2BP2. IGF2BP2 overexpression in LINCO0901 KO cells increases the mRNA.
(I) IGF2BP2 overexpression in LINCO0901 KO cells increases protein levels of MYC. (L) Effect of IGF2BP2 on MYC expression. IGF2BP2
KO cell were infected with LINCO0901. Two days later the cells were harvested for Western blot. (M) The schematic model of
present study. See text for discussion. Values are mean + S.D., n = 3; *P < 0.05; **P < 0.01; bar, 100 pum.

further support the role of YTHDF1 in regulation of
LINC00901. Finally, using the mutant LINC0O0901 along with
wide type LINC00901, we show that YTHDF1 promotes
LINC0O0901 decay in an mé6A dependent manner. To our
knowledge, this is the first report that YTHDF1 can promote
the degradation of m6A-modified transcripts such as
LINC00901.

Although a large body of studies support the importance
of IncRNAs in cancer, little is known about the biological
function of LINC00901, and in particular its role in
pancreatic cancer. This study provides several lines of ev-
idence that méA-mediated LINCO0901 plays an oncogenic
role in pancreatic cancer. First, a high level of LINC0O0901 is
associated with poor clinical outcomes, including overall
survival and relapse free survival. Second, overexpression
of LINC00901 promotes cell proliferation, cell migration and
cell invasion; it also promotes tumor growth in the xeno-
graft animal model. In contrast, LINCO0901 KO reverses
these phenotypes. Third, RNA-seq analysis for the cells with
gain-of-function or loss-of-function of LINC00901 suggests
that gene set from the MAPK signaling pathway is highly
enriched, including the oncogene MYC. Fourth, LINCO0901
is able to positively regulate MYC through the MYC mRNA
stabilizing protein IGF2BP2. In particular, LINC0O0901 KO
suppresses MYC, which can be rescued by re-expression of
LINC00901 in the KO cells. It should be pointed out that

since the level of LINCO0901 detected in clinical specimens
comes from total RNA, we cannot rule out other factors
that may also contribute to this upregulation of LINC00901.

Regulation of MYC is complex. Evidence indicates that
MYC can be regulated at various levels, including the
transcriptional, posttranscriptional, translational, and
post-translational levels,”* " in addition to amplification
and translocation. Regulation of MYC by LINC00901 in this
study is consistent with previous reports that IncRNAs can
be also involved in regulating of MYC expression,?'31,627¢4
further supporting the complexity of this MYC regulatory
system. With regard to the role of IGF2BP2 in LINC00901-
mediated MYC expression, our data suggests that other
factor(s) may also play a role in this aspect because
LINC00901 was still able to induce MYC in the IGF2BP2 KO
background. Regarding regulation of IGF2PB2 by LINC00901,
since our preliminary data suggests that LINCO0901 has no
significant effect on IGF2PB2 mRNA stability, we speculate
that transcription regulation may play a role, which war-
rants further investigation. Finally, detailed mechanisms as
to how LINC00901 regulates MYC still remain to be deter-
mined yet.

In summary, as a potential oncogenic IncRNA, LINC00901 is
regulated by mé6A modification through YTHDF1 (Fig. 7M).
While we have learned much about mRNA methylation in the
past years, IncRNA methylation studies have just emerged as
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anew frontier. Despite the similarity between protein coding
genes and IncRNAs such as RNA processing, a major differ-
ence lies in their ability to produce protein. Thus, the bio-
logical consequences of their m6A methylation may also be
different, particularly related to méA readers. We show that
YTHDF1 can promote LINCO0901 decay via méA modification
whereas YTHDF1 is well known for its function in regulation of
protein translation in mRNA mé6A methylation pathway.
LINC00901 upregulates IGF2BP2, which in turn enhances MYC,
forming a LINC00901/1GF2BP2/MYC axis, although it still re-
mains to be determined yet as to how LINC0O0901 regulates
IGF2BP2. Evidently, the role of m6A modification in
LINCO0901 is to regulate its expression. Together, they cause
PDAC cell proliferation, cell invasion and metastasis. This
unique feature of YTHDF1 may provide new insight into the
complex of mé6A methylation in regulation of gene expression
and thus could be explored for cancer therapeutic
intervention.
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