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Abstract

The major function of Insulin-like growth factor 2 mRNA-binding protein 2 (IGF2BP2) is to regulate cell metabolism.

However, emerging evidence indicates that IGF2BP2 plays a role in cancer, but the underlying mechanism is largely

unknown. Here we showed that upregulation of IGF2BP2 is associated with poor outcomes of pancreatic cancer patients and

suppression of IGF2BP2 inhibits cell proliferation. We further showed that IGF2BP2 regulates lncRNA DANCR. Ectopic

expression IGF2BP2 enhances, whereas knockdown (KD) or knockout (KO) of IGF2BP2 suppresses DANCR expression.

Moreover, in vivo RNA precipitation and reciprocal RNA immunoprecipitation revealed that IGF2BP2 interacts with

DANCR. DANCR promotes cell proliferation and stemness-like properties. Experiments with xenograft models revealed

that while ectopic expression of DANCR promotes, DANCR KO suppresses tumor growth. Mechanistically, DANCR is

modified at N6-methyladenosine (m6A) and mutagenesis assay identified that adenosine at 664 of DANCR is critical to the

interaction between IGF2BP2 and DANCR where IGF2BP2 serves a reader for m6A modified DANCR and stabilizes

DANCR RNA. Together, these results suggest that DANCR is a novel target for IGF2BP2 through m6A modification, and

IGF2BP2 and DANCR work together to promote cancer stemness-like properties and pancreatic cancer pathogenesis.

Introduction

Insulin-like growth factor 2 (IGF2) mRNA-binding protein 2

(IGF2BP2) is an RNA-binding protein (RBP) and serves as

a posttranscriptional regulatory factor for mRNA localiza-

tion, stability, and translational control. Dysregulation of

IGF2BP2 is often associated with human diseases such as

insulin resistance, diabetes, or cancer [1]. Our previous study

showed that IGF2BP2 regulates colorectal cancer cell pro-

liferation through suppressing the miR-195-mediated RAF-1

degradation [2]. Of interest, IGF2BP2 has been implicated in

maintaining glioblastoma stem cell (GSC) properties

through regulating let-7-mediated gene silencing [3].

Experiments with IGF2BP2 knockout (KO) mice demon-

strated that IGF2BP2 is a tumor promoter that drives cancer

progression [4]. Recently, IGF2BP family proteins, includ-

ing IGF2BP2, have been shown to be required for their

recognition of N6-methyladenosine (m6A) RNA modifica-

tions and are critical for their oncogenic functions [5].

It is well known that RNA is subject to a variety of

modifications, among which internal modifications play

important roles in RNA metabolism. The most abundant

internal RNA modification is N6-methyladenosine (m6A)
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which can tag thousands of mRNAs in mammalian cells.

The m6A modification machinery consists of “writers”,

“readers” and “erasers” [6] and they are delicately balanced

to support normal cellular functions. In this regard, readers

are those that can recognize m6A and bring the methylated

RNAs with various functional consequences, including

translation, mRNA stability, alternative splicing, RNA

processing, nuclear trafficking, microRNA binding and

RNA-protein interaction [7]. Two large families of RNA-

binding proteins (RBPs) can serve as readers and they are

the YTH domain family (YTHDF) [8] and IGF2BPs [5]. In

contrast to YTHDF that may destabilize the recognized

RNA, IGF2BPs serve as a distinct family of m6A readers

that target large numbers of mRNA transcripts, and promote

the stability and storage of their target mRNAs in an m6A-

dependent manner under normal and stress conditions.

However, it remains to be determined as to whether

IGF2BP2 can regulate expression of long-non-coding

RNAs (lncRNAs) through m6A modifications, leading to

self-renewal of cancer stem cells (CSCs) in pancreatic

cancer.

In the present study, we found that IGF2BP2 is highly

expressed in pancreatic cancer, and upregulation of

IGF2BP2 is associated with poor prognosis of pancreatic

cancer patients. We showed that lncRNA DANCR is a

target of IGF2BP2. Further characterization revealed that

DANCR promotes the cell proliferation, stemness-like

properties as well as tumorigenesis of pancreatic cancer

cells. Importantly, we found that IGF2BP2 regulates

DANCR stability by serving as a reader for m6A-modified

DANCR.

Results

IGF2BP2 is a potential unfavorable prognostic
marker in pancreatic cancer

To investigate the clinical importance of IGF2BP2 in pan-

creatic cancer, we first determined IGF2BP2 expression by

immunohistochemistry (IHC) staining in the pancreatic

cancer tissue microarray (TMA) slide containing 82 pan-

creatic cancer and 54 normal samples (Supplementary

Table 2). As compared to normal tissue, IGF2BP2 was

significantly upregulated in tumor tissue at the protein level

(Figs. 1a, b; S1A) and this upregulation of IGF2BP2 was an

unfavorable marker for cancer patients (Fig. 1c). Clinical

outcomes related to disease grade, stage and age were

shown in Fig. S1B–D. Moreover, interrogation of TCGA

pancreatic adenocarcinoma RNA-seq dataset through

cBioPortal (http://www.cbioportal.org/) [9] revealed that a

high level of IGF2BP2 was significantly associated with

poor overall survival (OS) (Fig. 1d) and disease free

survival (Fig. S2). Consistent with this, analysis of Pan-

Cancer RNA seq (pancreatic adenocarcinoma dataset) from

Kaplan–Meier plotter (www.KMplot.com) also supported

that IGF2BP2 was a potential unfavorable prognostic mar-

ker for pancreatic adenocarcinoma (Fig. 1e). These results

highlight the clinical significance of IGF2BP2 in pancreatic

cancer.

IGF2BP2 promotes pancreatic cancer cell
proliferation

To determine the role of IGF2BP2 in pancreatic cancer, we

ectopically expressed IGF2BP2 in BXPC-3 cells (Fig. S3A)

and found that IGF2BP2 promoted cell proliferation, as

detected by MTT assays (Fig. 2a) or cell survival as

determined by colony formation assays (Fig. 2b). By con-

trast, knockdown by IGF2BP2 specific siRNAs (Fig. 2c)

reduced the proliferation of BXPC-3 cells (Fig. 2d, left). A

similar effect was also seen in SW1990 cells (Fig. 2d, right).

IGF2BP2 siRNAs also suppressed colony formation in both

cell lines (Fig. 2e).

To better characterize IGF2BP2 function in pancreatic

cancer cells, we generated IGF2BP2 KO in BXPC-3 cells

and selected two KO clones (KO#3 and KO#11) for char-

acterization (Fig. 3a). IGF2BP2 KO caused a significant

reduction of cell proliferation, as detected by MTT assay

(Fig. 3b) or colony formation (Fig. 3c). To further

demonstrate the role of IGF2BP2 in proliferation of pan-

creatic cancer cells, we performed a rescue, i.e., re-

expression of IGF2BP2 in the KO cells (Fig. 3d). As

expected, re-expression of IGF2BP2 restored the cell pro-

liferation ability (Fig. 3e) and colony formation ability

(Fig. 3f). Finally, IGF2BP2 KO caused downregulation of

stemness-related genes such as OCT4 and NANOG

(Fig. 3g).

IGF2BP2 regulates DANCR expression

Next, we determined whether IGF2BP2 can regulate

expression of lncRNAs because lncRNAs have been shown

to function as master gene regulators and play an important

role in cancer initiation, progression, and metastasis as well

as stem cell maintenance [10–15]. Thus, we performed

profiling using RT-PCR lncRNA profiler [16] in IGF2BP2

knockdown cells and found that several lncRNAs were

either downregulated or upregulated as compared to control.

Among them was DANCR, which was downregulated

about 40% by IGF2BP2 knockdown (Fig. 4a). In contrast,

IGF2BP2 overexpression upregulated DANCR (Fig. 4b).

Furthermore, IGF2BP2 KO suppressed DANCR expression

(Fig. 4c). Since DANCR has also been reported to promote

cancer stemness-like properties [17, 18], we focused on

DANCR in this study.

IGF2BP2 regulates DANCR by serving as an N6-methyladenosine reader 1783

http://www.cbioportal.org/
http://www.KMplot.com


DANCR promotes cell proliferation and stemness-
like properties

To determine whether DANCR is involved in the IGF2PB2-

mediated pancreatic cancer progression and stemness-like

properties, we ectopically expressed DANCR in BXPC-3

and SW1990 cells (Fig. S3B). The CCK8 assays revealed

that overexpression of DANCR promoted cell proliferation

(Fig. 4d). Furthermore, DANCR also enhanced colony

formation (Fig. 4e).

We then determined the effect of DANCR on sphere

formation because enhanced sphere formation is an

important property for CSCs [19, 20]. Ectopic expression of

DANCR in BXPC-3 and SW1990 cells increased the sphere

formation; spheres derived from DANCR overexpression

were not only larger in size, but also the number of spheres

was more than vector control cells (Fig. 4f). Consistent with

this result, the stemness-related genes (OCT4, NANOG,

BMI1, CD24, and CD133) were significantly upregulated in

DANCR overexpression at the mRNA level as detected by

qRT-PCR (Fig. 4g) or protein level as detected by wester-

n blot (Figs. 4h and S4A). CD24 and CD133 are known

surface markers for pancreatic CSCs [21, 22]. FACS ana-

lysis detected a substantial upregulation of CD24+ and

CD133+ cell population when DANCR was overexpressed

(Fig. 4i).

To further confirm the role of DANCR in promoting

stemness-like properties, we generated DANCR KO in

BXPC-3 and SW1990 cells through CRISPR/Cpf1 system

via dual gRNA approach [23] (Fig. S3C). In contrast to

overexpression, DANCR KO suppressed cell proliferation

(Fig. 5a) and colony formation (Fig. 5b) in both cell lines.

Furthermore, DANCR KO suppressed the number of tumor

spheres and these spheres were much smaller than vector

control (Fig. 5c). In addition, stemness-related genes

(OCT4, NANOG, BMI1, CD24, and CD133) were sig-

nificantly downregulated at the mRNA (Fig. 5d) or protein

levels (Fig. 5e and Fig. S4B). Finally, the populations of

CD24+ cells and CD133+ cells were also decreased after

DANCR KO in these two cell lines (Fig. 5f). Taken toge-

ther, these results suggest that DANCR promotes stemness-

like properties of pancreatic cancer cells.

DANCR promotes tumorigenesis of pancreatic
cancer cells

To determine the effect of DANCR on pancreatic cancer

tumorigenesis, we tested three different numbers of cancer

Fig. 1 IGF2BP2 is highly expressed in pancreatic cancer, and is

associated with clinical outcomes. a Representative immunohis-

tochemistry (IHC) results of IGF2BP2 protein expression from the

pancreatic cancer tissue microarray. b Statistical analysis of IHC

expression in normal and tumor specimens. c Kaplan–Meier plotter for

overall survival based on IGF2BP2 protein expression. d Overall

survival based on Pancreatic Adenocarcinoma dataset (TCGA, Pro-

visional) analysis of mRNA levels (high and low). e Analysis of Pan-

Cancer RNA seq (pancreatic adenocarcinoma dataset) from

Kaplan–Meier plotter (http://kmplot.com/analysis/) also suggests poor

overall survival with high expression of IGF2BP2 as compared with

the low IGF2BP2 expression group.
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cells (1 × 104 cells/mouse; 1 × 105 cells/mouse and 5 × 105

cells/mouse). DANCR overexpression in BXPC-3 cells

significantly increased tumor growth rate and tumor size as

compared to vector control (Figs. 6a and S5A). By contrast,

DANCR KO suppressed tumor growth and tumor size for

three different numbers of cells (Figs. 6b and S5B). Fur-

thermore, we performed an orthotopic model by injecting

1 × 106 cells into pancreas directly. The suppression of

Fig. 2 IGF2BP2 promotes pancreatic cancer cell proliferation.

a Ectopic expression of IGF2BP2 promotes cell proliferation in

BXPC-3 cells as detected by MTT assays. b IGF2BP2 promote colony

formation in BXPC-3 cells. c Suppression of IGF2BP2 by IGF2BP2-

siRNAs (siRNA#1, siRNA#2, siRNA#3) as determined by western

blot. Top, BXPC-3; bottom, SW1990. d In contrast to ectopic

expression, IGF2BP2 siRNAs significantly suppresses cell growth in

BXPC-3 and SW1990 cells. e IGF2BP2 silencing significantly reduces

colony formation in BXPC-3 and SW1990 cells. Values in a, b, d, e

are mean ± SEM. **P < 0.01; ***P < 0.001.

Fig. 3 IGF2BP2 KO suppresses pancreatic cancer proliferation,

which can be rescued by re-expression of IGF2BP2 in the KO cells.

a KO of IGF2BP2 in BXPC-3 cells as verified by western blot.

b IGF2BP2 KO suppresses cell proliferation in BXPC-3 cells as

determined by MTT assay. c IGF2BP2 KO suppresses colony for-

mation in BXPC-3 cells. d Re-expression of IGF2BP2 in IGF2BP2

KO cells as determined by western blot. e Rescue of IGF2BP2 pro-

motes cell proliferation in two IGF2BP2 KO cell lines. f Rescue of

IGF2BP2 increases colony formation in two IGF2BP2 KO cell lines.

g IGF2BP2 KO suppresses stemness-related genes (OCT4, NANOG,

CD24, and CD133), as determined by qRT-PCR. Values in

b, c, e, f, g are mean ± SEM. **P < 0.01; ***P < 0.001.
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tumor growth by DANCR KO in this orthotopic model was

even greater than in subcutaneous injection (Fig. 6c vs 6b).

These results further suggest the importance of DANCR in

pancreatic cancer progression.

IGF2BP2 interacts with DANCR and regulates its
stability

To determine the underlying mechanism of IGF2PB2-

mediated DANCR expression, we asked whether IGF2PB2

interacts with DANCR because as a RBP, IGF2PB2 can

interact with large numbers of RNAs. RNA immunopreci-

pitation (RIP) assays with IGF2PB2 antibody showed over

a 1000-fold enrichment of DANCR as compared to IgG

control (Fig. 7a). To further verify their interaction, we

performed in vivo RNA precipitation assay. In this case, we

tagged DANCR with a modified S1 (S1m) [24] which was

derived from a streptavidin-binding aptamer termed S1

[25, 26] that acts like biotin. This S1m greatly improves its

affinity for streptavidin [24]. S1m tagged DANCR was

expressed in the cell and then was pulled down by strep-

tavidin beads from the cellular extract (Fig. S6A). The

advantage of this tagging approach over the in vitro biotin

labeling approach is that we are able to detect protein-RNA

interaction in the native context. Thus, we transfected

BXPC-3 cells with S1m tagged DANCR and the cellular

extract was used for pulldown assays. Western blot detected

a specific band of IGF2BP2 (Fig. 7b). To determine how

IGF2BP2 regulates DANCR expression, we examined the

DANCR stability because IGF2BP2 has been implicated in

regulating RNA stability [5]. BXPC-3 cells were transfected

with IGF2BP2-siRNA or negative control siRNA and then

treated with actinomycin D at 2 µg/ml for various time

points before total RNA was extracted. As shown in Fig. 7c,

DANCR decay in the IGF2BP2-siRNA treated cells was

faster than control siRNA-treated cells. Furthermore,

IGF2BP2 KO also caused a faster decay of DANCR RNA

than vector control (Fig. 7d), suggesting that IGF2BP2 can

increase DANCR RNA stability. We also determined the

effect of ectopic expression of DANCR on cell proliferation

Fig. 4 IGF2BP2-mediated upregulation of DANCR promotes cell

proliferation and stemness-like properties. a IGF2BP2 siRNA down

regulates DANCR expression in BXPC-3 cells, as determined by qRT-

PCR, whereas ectopic expression of IGF2BP2 increases DANCR level

(b). c Like IGF2BP2 siRNA, IGF2BP2 KO also suppresses DANCR

expression in BXPC-3 cells. d DANCR promotes cell proliferation in

BXPC-3 and SW1990 cells, as determined by CCK8 assays.

e DANCR also promotes colony formation. f Ectopic expression of

DANCR increases sphere formation in number and size. g DANCR-

overexpression promotes expression of stemness-related genes (OCT4,

NANOG, BMI 1, CD24, and CD133) in pancreatic cancer cells, as

determined by qRT-PCR and at the protein level (h). i Percentage of

CD24+ and CD133+ population in DANCR overexpression and

control (NC) cells, as determined by flow cytometry. The statistical

results of flow cytometry were showed on the right. Values in a, b, c,

d, e, g, i are mean ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
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in IGF2BP2 KO cells and found that ectopic expression of

DANCR enhanced cell proliferation and viability in the

IGF2BP2 KO cells (Fig. S7), suggesting that IGF2BP2

promotes cell proliferation and survival in part through

DANCR.

IGF2BP family, including IGF2BP2, has been recently

shown to be involved in RNA methylation pathway and

function as RNA stabilizers [5]. To determine whether

DANCR is subject to RNA methylation (m6A) such that the

methylated DANCR is recognized by IGF2BP2, we per-

formed RIP assays with m6A antibody and identified ~a

sixfold enrichment of DANCR over the IgG control

(Fig. 7e). To further show the m6A modification of

DANCR, we performed a special reciprocal RNA pre-

cipitation (Fig. S6B). In this case, we first transfected

BXPC-3 cells with S1m-tagged DANCR or vector control,

and then recovered S1m-tagged DANCR RNA by pulldown

with streptavidin beads. Next, we added m6A antibody to

the recovered RNA solution containing the beads and

incubated overnight at 4 °C, followed by five times of

washes. Finally, the precipitated pellets were resuspended in

protein sample buffer, followed by western blot with second

antibody against mouse IgG (H+ L). As expected, we

detected both heavy chain and light chain in the DANCR-

S1m lane, but not the vector control lane (Fig. 7f), further

supporting that DANCR is methylated at m6A. Examining

the DANCR sequences, we found a potential m6A motif

[27] at nt 664. Thus, we changed this “A” to “T” (Fig. 7g,

bottom). S1m precipitation detected the IGF2BP2 band in

the WT lane, but this band was substantially decreased in

the mutant lane (Fig. 7g). Together, these results suggest

that like many other mRNAs, DANCR can also be

methylated at m6A; IGF2BP2 serves as a reader for the

methylated DANCR to increase its stability.

Fig. 5 DANCR KO suppresses cell proliferation and stemness-like

properties of pancreatic cancer cells. a DANCR KO suppresses cell

proliferation in BXPC-3 and SW1990 cells, as determined by CCK8

assays. b DANCR KO suppresses colony formation. c DANCR KO

inhibits sphere formation in number and size. d DANCR KO sup-

presses stemness-related genes in pancreatic cancer cells, as

determined by qRT-PCR and at the protein level e. f Percentage of

CD24+ and CD133+ population in DANCR KO and control (NC)

cells, as determined by flow cytometry. The statistical results of flow

cytometry were showed on the right. Values in a, b, d, e, f are mean ±

SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
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Discussion

IGF2BP2 is implicated in regulation of mRNA localization

and mRNA stability, impacting cell proliferation, invasion,

epithelial-mesenchymal transition and CSC maintenance.

As a RBP, IGF2BP2 interacts with large numbers of RNAs.

In particular, IGF2BP2 can serve as a reader for m6A, a

predominant RNA modification which has been shown to

have a fundamental effect on various cellular processes.

Evidence indicates that most of these m6A modified RNAs

are mRNAs whereas m6A modified lncRNAs account for a

very small portion [27, 28]. Here, we provide evidence that

DANCR is a novel m6A modified target that can be

recognized by IGF2BP2, leading to an increased stability of

DANCR in pancreatic cancer.

Our study supports the clinical significance of

IGF2BP2 in pancreatic cancer. We first showed upregu-

lation of IGF2BP2 in tumor specimens as compared to

normal tissue by IHC analysis of pancreatic cancer TMA.

Interrogation of TCGA pancreatic cancer RNA seq dataset

revealed upregulation of IGF2BP2. Importantly, this

upregulation of IGF2BP2 is significantly associated with

poor patient outcomes. This is also supported by analysis

of Pan-Cancer RNA seq (pancreatic adenocarcinoma

dataset) from Kaplan Meier plotter. By overexpression,

knockdown, KO and rescue approaches, we showed that

IGF2BP2 promotes cell proliferation and viability, and

stemness-like properties.

DANCR was first identified as an antidifferentiation

lncRNA and loss of DANCR in progenitor cells causes

rapid induction of differentiation genes [29]. Later, DANCR

was found to be important in supporting cancer cell stem-

ness in hepatocellular carcinoma (HCC) and osteosarcoma

[17, 18]. For example, DANCR is able to upregulate

CTNNB1 in HCC [17], and activate AKT pathway in

osteosarcoma [18]. Consistent with these findings, DANCR

Fig. 6 DANCR overexpression promotes, whereas DANCR KO

suppresses tumor progression. a DANCR promotes the tumor

growth of BXPC-3 cells. DANCR overexpression (DANCR) and

vector control (pCDH-MSCV-copGFP-T2A-Pu) cells were sub-

cutaneously injected into the nude mice with 1 × 104, 1 × 105, 5 × 105

cells per mouse as indicated in “Materials and methods”. b DANCR

KO significantly suppresses the tumor growth rate of BXPC-3 cells.

DANCR KO and vector control (pY108) cells were subcutaneously

injected into the nude mice with 1 × 104, 1 × 105, 5 × 105 cells per

mouse as in (a). (c) DANCR KO inhibits tumorigenesis of BXPC-3

cells in orthotopic pancreatic tumor mouse model. DANCR KO and

vector control cells were injected into the pancreas of nude mice with

1 × 106 cells per mouse as detailed in “Materials and methods”. Values

in a, b are mean ± SEM. P < 0.05; **P < 0.01.
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is upregulated in a variety of cancer types including naso-

pharyngeal carcinoma, bladder cancer, breast cancer, pros-

tate and ovarian cancer [30–33]. These studies suggest that

a major mechanism for DANCR to regulate gene expression

is to function as a microRNA sponge, i.e., competitive

endogenous RNA mechanism [34]. In addition, DANCR

can increase HIF-1α mRNA stability through interacting

with the NF90/NF45 complex [30]; it activates IL-11-

STAT3 signaling and increases cyclin D1 and PLAU

expression via guiding leucine-rich pentatricopeptide repeat

containing (LRPPRC) to stabilize mRNA [31]. In breast

cancer, DANCR upregulates PI3K/AKT signaling through

activating serine phosphorylation of RXRA [33]. However,

little is known about the function of DANCR in pancreatic

cancer, and in particular, it is not known whether DANCR

is subject to m6A modification.

Role of m6A modifications in cancer has been demon-

strated in various types of cancer such as leukemia, brain

cancer, breast cancer, and lung cancer. For example, the

m6A eraser FTO is highly expressed in acute myeloid

leukemia (AML). Forced expression of FTO significantly

enhances the viability and growth of human AML cells

through demethylation of ASB2 and RARA, two critical

targets genes of FTO. Knockdown of FTO causes an

increase in the m6A levels on ASB2 and RARA [35].

ALKBH5 is another important eraser in RNA methylation

machinery. Upregulation of ALKBH5 is associated with

poor prognosis for the patients with glioblastoma. ALKBH5

knockdown increases m6A modification on its target

FOXM1, a critical factor for self-renewal and tumorigenesis

of GSCs. Therefore, ALKBH5-mediated upregulation of

FOXM1 expression enhances GSC self-renewal and pro-

liferation [36]. In addition, ALKBH5 promotes expression

of NANOG, a well-known factor for the self-renewal pro-

cess of undifferentiated ESCs, and thus it plays a role in

primary tumor formation and metastasis [37]. Consistent

with this, overexpression of m6A writer METTL3 or inhi-

bition of FTO has been shown to suppress GSC growth and

self-renewal [38]. Apparently, these studies suggest that

RNA methylation impacts cancer cell stemness and pro-

gression through the interplay among writers, erasers and

readers. The present study suggests that m6A-mediated

upregulation of DANCR promotes stemness like properties

in pancreatic cancer.

Fig. 7 IGF2BP2 regulates DANCR mRNA stability through m6A

modification at A664. a IGF2BP2 interacts with DANCR, as deter-

mined by RIP assay using IGF2BP2 antibody. b Detection of in vivo

interaction between IGF2BP2 and DANCR by S1m tagged DANCR

pulldown. In vivo expressed S1m tagged DANCR was first pulled

down by streptavidin beads and IGF2BP2 was then detected by

western blot. c IGF2BP2 siRNA reduces DANCR stability in BXPC-3

cells. Cells were first transfected with IGF2BP2 siRNA#3 and control

siRNA. Then, the transfected cells were treated with 2 µg/ml actino-

mycin D and total RNA was isolated at various time points as

indicated. d IGF2BP2 KO also reduces DANCR stability.

e Enrichment of DANCR by RIP assay with m6A antibody.

f Detection of interaction of DANCR with m6A antibody. In vivo

expressed S1m tagged DANCR was first pulled down by streptavidin

beads and then incubated with m6A antibody. The signals bound to the

membrane were detected by donkey anti-mouse antibody conjugated

with IRDye® 680RD. HL heavy chain, LC light chain. g Mutation

A664 in DANCR abolishes its interaction with m6A antibody.

WT wild type, Mut mutant. Values in a, c, d, e are mean ± SEM.

**P < 0.01; ***P < 0.001.
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We took advantage of S1m in vivo pulldown, demon-

strating that DANCR is subject to m6A modification. We

showed that m6A modification increases the stability of

DANCR and A664 is critical for the interaction between

DANCR and IGF2BP2. In the literature, RNA precipitation

assays often use in vitro synthesized RNA probes to pull-

down protein binding partners. In these assays, the probes

are added to cellular extract. In other words, the pulled

down proteins are mostly like those in free form whereas

the bound protein is less likely to be pulled down, especially

for those RNAs that are post-transcriptionally modified.

Therefore, such assays may not recapitulate RNA-protein

interactions in the cell. In contrast, the in vivo tagging

approach presented in this study enables us to better reveal

their true interactions because the probe RNA is expressed

in the cell. Furthermore, synthesis of long RNA probes

carrying a modification such as m6A is almost impossible

whereas S1m tagged RNA can be modified in the cell just

like the endogenous counterpart. Importantly, with this

approach we are able to test the function of mutant DANCR

vs wild type DANCR (Fig. 7f), as we showed that mutating

A664 of DANCR abolishes its interaction with IGF2BP2.

In summary, we found that upregulation of IGF2BP2 in

pancreatic cancer is associated with poor clinical outcomes.

Our study further suggests that IGF2BP2 functions in

partnerships with DANCR to regulate its stability. In nor-

mal cells, the level of IGF2BP2 is lower, and thus, its ability

to interact with and stabilize DANCR is limited. In tumor

cells, IGF2BP2 is upregulated, which increases the chance

of IGF2PB2 to interact with and stabilize DANCR, espe-

cially, when RNA methylation machinery is dysregulated.

As a result, these tumor cells become more proliferative and

more resistant to anticancer therapy. Therefore, IGF2BP2-

DANCR axis may not only serve as a valuable biomarker,

but also provide opportunities for therapeutic intervention in

pancreatic cancer.

Materials and methods

Reagents

CD24-PE (Cat #12-0247-42) and CD133-APC (Cat.#17-

1338-42) antibodies were obtained from ThermoFisher

Scientific (Waltham, MA). Antibodies against IGF2BP2

(Cat #14672), CD133 (Cat #86781), OCT4 (Cat #2750),

NANOG (Cat #4903), and BMI1 (Cat #6964) for western

blot were purchased from Cell Signaling (Danvers, MA).

Antibody against IGF2BP2 (Cat #11601-AP) for IHC was

bought from ProteinTech (Rosemont, IL). The siRNA

sequence targeting IGF2BP2 were designed and synthe-

sized by Genepharma Company (Shanghai, China). Primers

were purchased from IDT (Coralville, IA). The following

constructs were obtained from Addgene (Watertown, MA):

pY108 (lenti-AsCpf1, #84739); LentiCRISPR v2 (#52961);

MSCV-human Igf2bp2-IRES-GFG (#91890). pCDH-

MSCV-copGFP-T2A-Pu was purchased from System

Biosciences (Mountain View, CA).

Cell culture

Human pancreatic cancer cell line BXPC-3 and SW1990

were purchased from American Type Culture Collection

(Manassas, VA, USA), and they were grown in RPMI-1640

medium (ThermoFisher Scientific Pittsburgh, PA, USA)

and DMEM medium (ThermoFisher Scientific), respec-

tively, supplemented with 10% fetal bovine serum (Ther-

moFisher Scientific). BXPC-3 and SW1990 were

authenticated by short tandem repeat analysis (Shanghai

Biowing Applied Biotechnology, Shanghai) and were reg-

ularly tested for Mycoplasma contamination by PCR.

Transfection

Cells were transfected with siRNAs or control siRNAs

using Lipofectamine 3000 transfection reagent (Life Tech-

nologies) according to the manufacturer’s instruction. The

siRNA sequences targeting IGF2BP2 were designed and

synthesized by Genepharma Company (Shanghai, China),

and they were listed in Supplementary Table 1.

Quantitative RT-PCR

Total RNA was extracted from cells using Trizol reagent

(Invitrogen) according to the manufacturer’s instruction.

cDNA was subsequently synthesized using PrimeScriptTM RT

Master Mix kit (Takara). Real time PCR reaction was per-

formed using SYBR Premix Ex TaqTM, (Tli RNaseH Plus) kit

(Takara). The primers were listed in Supplementary Table 1.

Cell proliferation assay

Cell proliferation was analyzed using MTT assays as

described previously [39] or Cell Counting Kit-8 (CCK-8,

Biotool) according to the manufacturer’s instruction.

Briefly, BXPC-3 or SW1990 cells were seeded in 96-well

plates at a density of 3.5 × 103 cells per well. The old

medium was removed, and then 100 µl fresh medium con-

taining 1/10 volume of CCK-8 was added to wells at 24, 48,

72 h, respectively. Absorbance at 450 nm was measured

after incubation at 37 °C for 4 h.

Colony formation assay

For the colony formation assay, cells were seeded in six-

well plates. After 8–14 days, the cells were fixed with 4%
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PFA (Sigma) and then stained with crystal violet. The

number of colonies was countered for five representative

fields. The experiments were repeated for three times.

Relative colony formation was calculated as compared with

vector controls as 100%.

Western blot

Cells were harvested, and proteins were extracted and

quantified as previously described [40]. Protein samples

were separated in a polyacrylamide SDS gel before trans-

ferring 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 (LI-COR Biosciences, Lincoln,

NE, USA). Alternatively, we also used the chemilumines-

cence detection system, ChemiDocTM MP Imaging System

(Bio-Rad) to determine the relative protein levels.

Plasmid construction

DANCR for ectopic expression experiments was cloned

into pCDH-MSCV-copGFP-T2A-Pu. We first amplified

DANCR by PCR using primers DANCR-RI-5.1 and

DANCR-NotI-3.1, and then cloned into pCDH-MSCV-

copGFP-T2A-Pu at EcoR I and Not I sites using NEB-

uilder® HiFi DNA Assembly kit (New England Biolabs,

Ipswich, MA). S1m expression vector carried four copies of

modified S1 sequences (Supplementary Table 1); these four

copies were sequentially cloned into pCDH-CAG-EF1-

copGFP-T2A-Pu (derived from pCDH-MSCV-copGFP-

T2A-Pu) at EcoR1 and BamH1 sites, resulting in S1m

tagging vector, pCDH-CAG-4xS1m-EF1-copGFP-T2A-Pu

(Supplementary materials). DANCR was first amplified

using primers DANCR-S1m-R1-5.1 and DANCR-S1m-

BamH1-3.1 and then cloned into this S1m expression vector

at EcoR I and BamH I sites. Mutation of DANCR at a

putative m6A site was made by two overlapped PCR pro-

ducts using primers DANCR-S1m-R1-5.1 and DANCR-

mut-3.1; DANCR-mut-5.1 and DANCR-S1m-BamH1-3.1

(Supplementary Table 1), and then cloned into S1m vector

at EcoR I and BamH I sites. PCR reactions for cloning

purpose used Phusion enzyme (ThermoFisher Scientific).

All PCR products were verified by DNA sequencing. (4 ×

S1m expression vector and DANCR WT/Mutant in S1m

expression vector will be available from Addgene.)

KO of IGF2BP2 and DANCR

IGF2BP2 was knocked out using CRISPR/Cas9 dual gRNA

approach as described previously [23]. Two gRNAs tar-

geting the first exon of IGF2BP2 were designed through

Benchling (https://benchling.com). For cloning dual

gRNAs, we modified LentiCRISPR v2 [41] by using the

optimized scaffold [42] to generate LCV2-m. Two gRNAs

and mouse U6 were introduced by PCR using primers

IGF2BP2-T1a-5.1 and IGF2BP2-T1b-3.1, and mouse U6 as

a template. Finally this PCR product was cloned into

LCV2-m at BsmB1 site using NEBuilder® HiFi DNA

Assembly kit. For DANCR KO, we used CRISPR/Cpf1

dual gRNA approach. Dual gRNAs targeting outside

regions of DANCR was designed through Benchling

(https://www.benchling.com/). Oligonucleotides for dual

gRNAs were cloned into pY108 at BsmB1 site [43]. All

primer sequences were listed in Supplementary Table 1.

We introduced empty vector or dual gRNA expression

vector into BXPC-3 cells by infection. Three days later, the

infected cells were subject to puromycin (1 μg/ml) selection

for 10 days. Individual puromycin resistant colonies were

picked up manually and then expanded in 12-well plates.

Initial identification of KO clones was carried out by

genomic PCR. The potential clones were further verified by

qRT-PCR.

Immunohistochemistry

Pancreatic cancer TMA slide containing 82 pancreatic

cancer and 54 normal samples was purchased from OUTDO

BIOTECH (Shanghai, China). The slide was deparaffinized,

rehydrated, and antigens were retrieved by Antigen

Retrieval Citra Plus Solution (BioGenex, #HK080-9K),

followed by treatment with 3% H2O2 to block endogenous

peroxidases. After primary IGF2BP2 antibody, and sec-

ondary antibody, and ABC staining using VECTASTAIN®

Elite® ABC HRP Kit (VectaStain, #PK-6101), the signals

were revealed by ImmPACTTM DAB (Vector Laboratories,

#SK-4105). The overall IGF2BP2 expression was calcu-

lated from total score (signaling intensity score x staining

distribution score). The signal intensity scores were: 0 (no

signal), 1 (weak), 2 (moderate), and 3 (strong). The staining

distribution scores were based on the percentage of positive

cells: 0 (0%), 1 (1–10%), 2 (10–50%), and 3 (51–100%).

Clinical and histopathological information of patients were

shown in Supplementary Table 2.

Sphere formation assay

Cells were seeded at a density of 3 × 104 cells and cultured

in serum-free DME/F-12 (1:1) medium (ThermoFisher)

supplemented with 10 ng/ml epidermal growth factor,10 ng/

ml basic fibroblast growth factor and N2 (ThermoFisher) on

ultralow attachment six-well plates (Corning, Corning,

NY). Medium was replaced every three days. The

spheres were cultured for 2 weeks, and then pictured and

counted.
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Flow cytometric analysis

A total of 1 × 106 cells were incubated with CD24 or

CD133 antibody (1:1000) in 1× PBS for 30 min at 4 °C and

then washed with 1× PBS for three times. The cells were

then analyzed by flow cytometry (ACEA NovoCyteTM).

RNA immunoprecipitation (RIP)

We used IGF2BP2 antibody to pull down DANCR. The

IGF2BP2 antibody was then recovered with protein A/G

beads. The RNA level of DANCR in the precipitates was

measured by qRT-PCR. For m6A RIP, we used m6A

antibody (MABE1006) (MilliporeSigma, Burlington,

MA) to pull down m6A modified DANCR. Total RNA

was isolated from a 10 cm dish culture and dissolved in

50 µl RNase-free water, of which 5 µl was saved as RNA

input the remaining 45 µl RNA was added to 500 µl

pulldown lysis buffer containing RNase inhibitor. The

total RNA were first incubated briefly with 1 µl mouse

IgG and then the IgG was removed by protein A/G beads.

The pre-cleaned lysates were transferred to new tubes and

mixed with mouse IgG or m6A antibody. The tubes were

then rotated overnight at 4 °C, followed by incubation

with protein A/G beads under the same condition over-

night. Finally, m6A bound RNA was extracted with Trizol

and the RNA level of DANCR was measured by qRT-

PCR.

In vivo S1m precipitation

For in vivo pulldown of S1m-tagged DANCR, S1m vector

or S1m-DANCR was transfected into BXPC-3 cells in a

10 cm dish. The cells were harvested 48 h after transfec-

tion and then lysed in 1 ml lysis buffer containing protein

inhibitors and RNase inhibitor. The supernatant was col-

lected after centrifugation for 20 min at 4 °C and

then incubated with streptavidin beads (MilliporeSigma)

for 30 min at 4 °C to remove the background. The pre-

cleaned cell lysate was transferred to a new tube and

1/10 of the lysate was saved as protein input. The

remaining lysate was incubated with streptavidin beads for

4 h at 4 °C before washing 5 times with ice-cold PBS.

Finally, the pellet was dissolved in 30 µl 2xSDS sample

buffer, followed by SDS-PAGE and Western blot with

IGF2BP2 antibody.

To detect m6A modified DANCR from S1m pulldown,

S1m-DANCR was pulled down as above, and then washed

three times with RIP buffer. Next, the pellet was resus-

pended in 1 ml pulldown buffer and incubated with m6A

antibody (2 µl) and incubated overnight at 4 °C with rota-

tion. After five times of washes with ice cold PBS, the pellet

was resuspended in 30 µl 2× SDS sample buffer. Finally,

m6A antibody bound to S1m-DANCR was subject to SDS-

PAGE and western blot; the signal was detected directly

with donkey antimouse antibody (H+ L) conjugated with

IRDye 680.

Animal experiment

BALB/c nude mice (4–6 weeks old) were purchased from

Model Animal Research Center of Nanjing University

(Nanjing, China), with the animal protocol (No.

2017KT081) approved by the animal care and ethics com-

mittee at Zhejiang Provincial People’s Hospital. BXPC-3

cells with DANCR overexpression or empty vector control;

DANCR KO or empty vector control were harvested and

then mixed with matrigel (1:1) (BD Biosciences). Three

different numbers of cells (1 × 104, 1 × 105, and 5 × 105

cells) were subcutaneously injected into nude mice, five

animals per group. Tumor growth rate was measured every

five days and the tumor volume was calculated as follows:

tumor volume (mm3)= (length × width2)/2. The mice were

sacrificed 3 weeks after injection.

For orthotopic pancreatic tumor mouse model, BXPC-3

cells carrying DANCR KO or vector control were harvested

and then resuspended in RPMI 1640 medium. Nude mice

were first anesthetized with sodium pentobarbital. BXPC-3

cells (1 × 106 cells in 50 µl) were injected into the pan-

creases of nude mice by an insulin syringe (30 G), seven

animals per group. The peritoneum and skin were closed

with 4.0 surgical sutures. The mice were sacrificed 3 weeks

after injection.

Statistical analysis

All statistical analyses were performed using the GraphPad

Prism program. The continuous variables are summarized

as mean and standard error of mean (SEM) unless stated.

The two-sample t test was used to compare the mean of a

continuous variable between two samples. The multiple

comparisons after repeated measures ANOVA was used to

compare the entire curve of tumor growth. Association

between two categorical variables was evaluated by using

the Fisher’s exact test. OS and disease-free survival (DFS)

curves were calculated with the Kaplan–Meier method

and were analyzed with the log-rank test. All P values

were two-sided and P values < 0.05 were considered as

significant.

Acknowledgements This research was supported by grants from

Medical and Health Science Technology Project of Zhejiang Province

(2019RC105 to XH), the Key Research Project of Science Technology

Department of Zhejiang Province (2015C03030 to DH), the key pro-

ject of Health Bureau of Zhejiang Province (2018274734 to LY),

National Natural Science Foundation of China (81772575 to LY), and

US Department of Defense (CA170314 to YM).

1792 X. Hu et al.



Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Publisher’s note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this

article are included in the article’s Creative Commons license, unless

indicated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons license and your intended

use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright

holder. To view a copy of this license, visit http://creativecommons.

org/licenses/by/4.0/.

References

1. Cao J, Mu Q, Huang H. The roles of insulin-like growth factor 2

mRNA-binding protein 2 in cancer and cancer stem cells. Stem

Cells Int. 2018;2018:4217259.

2. Ye S, Song W, Xu X, Zhao X, Yang L. IGF2BP2 promotes

colorectal cancer cell proliferation and survival through interfering

with RAF-1 degradation by miR-195. FEBS Lett.

2016;590:1641–50.

3. Degrauwe N, Schlumpf TB, Janiszewska M, Martin P, Cauderay

A, Provero P, et al. The RNA binding protein IMP2 preserves

glioblastoma stem cells by preventing let-7 target gene silencing.

Cell Rep. 2016;15:1634–47.

4. Dai N, Ji F, Wright J, Minichiello L, Sadreyev R, Avruch J. IGF2

mRNA binding protein-2 is a tumor promoter that drives cancer

proliferation through its client mRNAs IGF2 and HMGA1. Elife.

2017;6:e27155.

5. Huang H, Weng H, Sun W, Qin X, Shi H, Wu H, et al. Recog-

nition of RNA N(6)-methyladenosine by IGF2BP proteins

enhances mRNA stability and translation. Nat Cell Biol.

2018;20:285–95.

6. Fu Y, Dominissini D, Rechavi G, He C. Gene expression reg-

ulation mediated through reversible m(6)A RNA methylation. Nat

Rev Genet. 2014;15:293–306.

7. Blanco S, Frye M. Role of RNA methyltransferases in tissue

renewal and pathology. Curr Opin Cell Biol. 2014;31:1–7.

8. Wang X, He C. Reading RNA methylation codes through methyl-

specific binding proteins. RNA Biol. 2014;11:669–72.

9. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO,

et al. Integrative analysis of complex cancer genomics and clinical

profiles using the cBioPortal. Sci Signal. 2013;6:pl1.

10. Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ,

et al. Long non-coding RNA HOTAIR reprograms chromatin state

to promote cancer metastasis. Nature. 2010;464:1071–6.

11. Guttman M, Donaghey J, Carey BW, Garber M, Grenier JK,

Munson G, et al. lincRNAs act in the circuitry controlling plur-

ipotency and differentiation. Nature. 2011;477:295–300.

12. Hung T, Wang Y, Lin MF, Koegel AK, Kotake Y, Grant GD,

et al. Extensive and coordinated transcription of noncoding RNAs

within cell-cycle promoters. Nat Genet. 2011;43:621–9.

13. Khalil AM, Guttman M, Huarte M, Garber M, Raj A, Rivea

Morales D, et al. Many human large intergenic noncoding RNAs

associate with chromatin-modifying complexes and affect gene

expression. Proc Natl Acad Sci USA. 2009;106:11667–72.

14. Prensner JR, Iyer MK, Balbin OA, Dhanasekaran SM, Cao Q,

Brenner JC, et al. Transcriptome sequencing across a prostate

cancer cohort identifies PCAT-1, an unannotated lincRNA impli-

cated in disease progression. Nat Biotechnol. 2011;29:742–9.

15. Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, Lan F,

et al. Long noncoding RNA as modular scaffold of histone

modification complexes. Science. 2010;329:689–93.

16. Liu Q, Huang J, Zhou N, Zhang Z, Zhang A, Lu Z, et al. LncRNA

loc285194 is a p53-regulated tumor suppressor. Nucleic Acids

Res. 2013;41:4976–87.

17. Yuan SX, Wang J, Yang F, Tao QF, Zhang J, Wang LL, et al.

Long noncoding RNA DANCR increases stemness features of

hepatocellular carcinoma by derepression of CTNNB1. Hepatol-

ogy. 2016;63:499–511.

18. Jiang N, Wang X, Xie X, Liao Y, Liu N, Liu J, et al. lncRNA

DANCR promotes tumor progression and cancer stemness fea-

tures in osteosarcoma by upregulating AXL via miR-33a-5p

inhibition. Cancer Lett. 2017;405:46–55.

19. Chen SF, Chang YC, Nieh S, Liu CL, Yang CY, Lin YS. Non-

adhesive culture system as a model of rapid sphere formation with

cancer stem cell properties. PLoS ONE. 2012;7:e31864.

20. Abel EV, Simeone DM. Biology and clinical applications of

pancreatic cancer stem cells. Gastroenterology. 2013;144:1241–8.

21. Immervoll H, Hoem D, Sakariassen PO, Steffensen OJ, Molven

A. Expression of the “stem cell marker” CD133 in pancreas and

pancreatic ductal adenocarcinomas. BMC Cancer. 2008;8:48.

22. Li C, Heidt DG, Dalerba P, Burant CF, Zhang L, Adsay V, et al.

Identification of pancreatic cancer stem cells. Cancer Res.

2007;67:1030–7.

23. Ho TT, Zhou N, Huang J, Koirala P, Xu M, Fung R, et al. Tar-

geting non-coding RNAs with the CRISPR/Cas9 system in human

cell lines. Nucleic Acids Res. 2015;43:e17.

24. Leppek K, Stoecklin G. An optimized streptavidin-binding

RNA aptamer for purification of ribonucleoprotein complexes

identifies novel ARE-binding proteins. Nucleic Acids Res.

2014;42:e13.

25. Srisawat C, Engelke DR. Streptavidin aptamers: affinity tags for

the study of RNAs and ribonucleoproteins. RNA. 2001;7:632–41.

26. Li Y, Altman S. Partial reconstitution of human RNase P in HeLa

cells between its RNA subunit with an affinity tag and the intact

protein components. Nucleic Acids Res. 2002;30:3706–11.

27. Dominissini D, Moshitch-Moshkovitz S, Schwartz S, Salmon-

Divon M, Ungar L, Osenberg S, et al. Topology of the human and

mouse m6A RNA methylomes revealed by m6A-seq. Nature.

2012;485:201–6.

28. Liu J, Yue Y, Han D, Wang X, Fu Y, Zhang L, et al. A METTL3-

METTL14 complex mediates mammalian nuclear RNA N6-

adenosine methylation. Nat Chem Biol. 2014;10:93–5.

29. Kretz M, Webster DE, Flockhart RJ, Lee CS, Zehnder A, Lopez-

Pajares V, et al. Suppression of progenitor differentiation requires

the long noncoding RNA ANCR. Genes Dev. 2012;26:338–43.

30. Wen X, Liu X, Mao YP, Yang XJ, Wang YQ, Zhang PP, et al.

Long non-coding RNA DANCR stabilizes HIF-1alpha and pro-

motes metastasis by interacting with NF90/NF45 complex in

nasopharyngeal carcinoma. Theranostics. 2018;8:5676–89.

31. Chen Z, Chen X, Xie R, Huang M, Dong W, Han J, et al. DANCR

promotes metastasis and proliferation in bladder cancer cells by

enhancing IL-11-STAT3 signaling and CCND1 expression. Mol

Ther. 2019;27:326–41.

32. Lu Y, Hu Z, Mangala LS, Stine ZE, Hu X, Jiang D, et al. MYC

targeted long noncoding RNA DANCR promotes cancer in part

by reducing p21 levels. Cancer Res. 2018;78:64–74.

33. Tang J, Zhong G, Zhang H, Yu B, Wei F, Luo L, et al.

LncRNA DANCR upregulates PI3K/AKT signaling through

IGF2BP2 regulates DANCR by serving as an N6-methyladenosine reader 1793

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


activating serine phosphorylation of RXRA. Cell Death Dis.

2018;9:1167.

34. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA

hypothesis: the Rosetta Stone of a hidden RNA language? Cell.

2011;146:353–8.

35. Li Z, Weng H, Su R, Weng X, Zuo Z, Li C, et al. FTO plays an

oncogenic role in acute myeloid leukemia as a N(6)-methylade-

nosine RNA demethylase. Cancer Cell. 2017;31:127–41.

36. Zhang S, Zhao BS, Zhou A, Lin K, Zheng S, Lu Z, et al. m(6)A

demethylase ALKBH5 maintains tumorigenicity of glioblastoma

stem-like cells by sustaining FOXM1 expression and cell pro-

liferation program. Cancer Cell. 2017;31:591–606 e596.

37. Zhang C, Samanta D, Lu H, Bullen JW, Zhang H, Chen I, et al.

Hypoxia induces the breast cancer stem cell phenotype by HIF-

dependent and ALKBH5-mediated m(6)A-demethylation of

NANOG mRNA. Proc Natl Acad Sci USA. 2016;113:

E2047–2056.

38. Cui Q, Shi H, Ye P, Li L, Qu Q, Sun G, et al. m(6)A RNA

methylation regulates the self-renewal and tumorigenesis of

glioblastoma stem cells. Cell Rep. 2017;18:2622–34.

39. Wu F, Chiocca S, Beck WT, Mo YY. Gam1-associated alterations

of drug responsiveness through activation of apoptosis. Mol

Cancer Ther. 2007;6:1823–30.

40. Sachdeva M, Wu H, Ru P, Hwang L, Trieu V, Mo YY.

MicroRNA-101-mediated Akt activation and estrogen-

independent growth. Oncogene. 2011;30:822–31.

41. Sanjana NE, Shalem O, Zhang F. Improved vectors and genome-

wide libraries for CRISPR screening. Nat Methods. 2014;11:783–4.

42. Dang Y, Jia G, Choi J, Ma H, Anaya E, Ye C, et al. Optimizing

sgRNA structure to improve CRISPR-Cas9 knockout efficiency.

Genome Biol. 2015;16:280.

43. Zetsche B, Heidenreich M, Mohanraju P, Fedorova I, Kneppers J,

DeGennaro EM, et al. Multiplex gene editing by CRISPR-Cpf1

using a single crRNA array. Nat Biotechnol. 2017;35:31–4.

1794 X. Hu et al.


	IGF2BP2 regulates DANCR by serving as an N6-methyladenosine reader
	Abstract
	Introduction
	Results
	IGF2BP2 is a potential unfavorable prognostic marker in pancreatic cancer
	IGF2BP2 promotes pancreatic cancer cell proliferation
	IGF2BP2 regulates DANCR expression
	DANCR promotes cell proliferation and stemness-like properties
	DANCR promotes tumorigenesis of pancreatic cancer cells
	IGF2BP2 interacts with DANCR and regulates its stability

	Discussion
	Materials and methods
	Reagents
	Cell culture
	Transfection
	Quantitative RT-PCR
	Cell proliferation assay
	Colony formation assay
	Western blot
	Plasmid construction
	KO of IGF2BP2 and DANCR
	Immunohistochemistry
	Sphere formation assay
	Flow cytometric analysis
	RNA immunoprecipitation (RIP)
	In vivo S1m precipitation
	Animal experiment
	Statistical analysis

	ACKNOWLEDGMENTS
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References


