Liu et al. Molecular Cancer (2022) 21:74

toss/dolorg10.1186/412945.022-01555.3 Molecular Cancer

RESEARCH Open Access

Interaction of INcRNA MIR100HG X

with hnRNPA2B1 facilitates m°A-dependent
stabilization of TCF7L2 mRNA and colorectal
cancer progression

Hao Liu'", Danxiu Li*", Lina Sun®, Honggiang Qin*, Ahui Fan', Lingnan Meng', Ramona Graves-Deal’,

Sarah E. Glass®, Jeffrey L. Franklin®, Qi Liu®, Jing Wang®, Timothy J. Yeatman’, Hao Guo®, Hong Zong?,

Shuilin Jin®, Zhiyu Chen'®, Ting Deng'", Ying Fang?, Cunxi Li'?, John Karijolich'®, James G. Patton'#, Xin Wang?,
Yongzhan Nie', Daiming Fan'’, Robert J. Coffey®", Xiaodi Zhao'" and Yuanyuan Lu"

Abstract

Background: Epithelial-to-mesenchymal transition (EMT) is a process linked to metastasis and drug resistance with
non-coding RNAs (ncRNAs) playing pivotal roles. We previously showed that miR-100 and miR-125b, embedded
within the third intron of the ncRNA host gene MIR100HG, confer resistance to cetuximab, an anti-epidermal growth
factor receptor (EGFR) monoclonal antibody, in colorectal cancer (CRC). However, whether the MIR100HG transcript
itself has a role in cetuximab resistance or EMT is unknown.

Methods: The correlation between MIR100HG and EMT was analyzed by curating public CRC data repositories. The
biological roles of MIRTO0HG in EMT, metastasis and cetuximab resistance in CRC were determined both in vitro and
in vivo. The expression patterns of MIR100HG, hnRNPA2B1 and TCF7L2 in CRC specimens from patients who pro-
gressed on cetuximab and patients with metastatic disease were analyzed by RNAscope and immunohistochemical
staining.

Results: The expression of MIR100HG was strongly correlated with EMT markers and acted as a positive regulator of
EMT. MIR100HG sustained cetuximab resistance and facilitated invasion and metastasis in CRC cells both in vitro and
in vivo. hnRNPA2B1 was identified as a binding partner of MIR1T00HG. Mechanistically, MIRT00HG maintained mRNA
stability of TCF7L2, a major transcriptional coactivator of the Wnt/B-catenin signaling, by interacting with hnRNPA2B1.
hnRNPA2B1 recognized the N6-methyladenosine (mCA) site of TCF7L2 mRNA in the presence of MIRTOOHG. TCF7L2, in
turn, activated MIR100HG transcription, forming a feed forward regulatory loop. The MIR1T00HG/hnRNPA2B1/TCF7L2
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axis was augmented in specimens from CRC patients who either developed local or distant metastasis or had disease
progression that was associated with cetuximab resistance.

Conclusions: MIRT00HG and hnRNPA2B1 interact to control the transcriptional activity of Wnt signaling in CRC via
regulation of TCF7L2 mRNA stability. Our findings identified MIR100HG as a potent EMT inducer in CRC that may con-
tribute to cetuximab resistance and metastasis by activation of a MIRTOOHG/hnRNPA2B1/TCF7L2 feedback loop.

Keywords: MIR100HG, hnRNPA2B1, TCF7L2, N6-methyladenosine (m°®A), Wnt/B-catenin signaling, EMT, Cetuximab
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Introduction

Epithelial-to-mesenchymal transition (EMT) is a
dynamic biological process by which epithelial cells
lose cell-cell contacts, apical-basal polarity and distinct
cytoskeletal architecture to become more motile and
invasive [1]. Epithelial cancer cells undergoing EMT
can transition to a mesenchymal phenotype character-
ized by enhanced drug resistance and metastatic ability
[2]. Colorectal cancer (CRC) is the third leading cause of
new cancer cases and the second leading cause of cancer-
related deaths worldwide [3]. Drug resistance and metas-
tasis occur all too often in CRC patients and are major
contributors to poor outcomes [4]. In the clinic, anti-epi-
dermal growth factor receptor (EGFR)-based therapies
are frequently used to treat CRC patients with meta-
static disease if the tumors are wild-type (WT) KRAS
[5]. However, the effectiveness of anti-EGFR monoclonal
antibodies such as cetuximab and panitumumab is often
limited due to de novo and acquired drug resistance [6].
Although inherent genetic mechanisms encompassing
mutations in KRAS/NRAS/BRAF and amplification of
ERBB2 and MET have primarily been identified as con-
ferring resistance to anti-EGFR treatment, about 30%
of cases that are unresponsive to anti-EGFR therapies
arise from unknown, apparently non-genetic resistance
mechanisms [6]. EMT represents a pivotal program that
can be hijacked by cancer cells and is associated with the
acquisition of tumor invasiveness and therapeutic resist-
ance, but its involvement in cetuximab resistance in CRC
is incompletely understood.

We previously identified that two microRNAs (miR-
NAs), miR-100 and miR-125b, act in concert to activate
Wnt signaling via repression of five Wnt/p-catenin nega-
tive regulators that contribute to cetuximab resistance in
CRC [7]. Both miR-100 and miR-125b are embedded in
the third intron of the gene MIR1I00HG, which encodes
the long non-coding RNA (IncRNA) MIR100HG.
MIR100HG is referred to as a miRNA-host gene IncRNA
(Inc-MIRHG), a subclass of newly discovered IncRNAs
derived from miRNA host genes due to pre-miRNA
processing [8]. It is estimated that about 17.5% of miR-
NAs are generated by Inc-MIRHGs [9]. Although the
functions of the encoded miRNAs are usually well

studied, determining if independent roles exist for host
Inc-MIRHGs is an open area of investigation. Recent
studies have begun to converge on miRNA-independ-
ent roles of MIR100HG in cancer. It has been reported
that MIR1I00HG regulates the cell cycle by facilitating
an interaction between the RNA-binding protein HuR
and its target mRNAs [10]. MIR100HG was also found
to promote breast cancer cell proliferation by forming
an RNA-DNA triplex with the p27 locus [11]. These
findings imply that MIR100HG plays an active role in
cancer progression and is not merely a precursor or non-
functional byproduct of miRNA processing. However,
the biological function and underlying mechanism of
MIR100HG in cetuximab resistance in CRC has not been
studied.

N6-methyladenosine (m®A) is one of the most preva-
lent internal modifications of eukaryotic mRNAs [12].
The presence of m®A on transcripts affects a diverse set
of fundamental cellular processes, including pre-mRNA
splicing, nuclear transport, mRNA stabilization and
translation [13, 14]. The addition of a m®A modifica-
tion is a dynamic multistep process introduced by the
m®A methyltransferases (termed “writers”), removed by
the demethylases (termed “erasers”) and recognized by
m®A binding proteins (termed “readers”) [15]. Recent
studies indicated that m®A modifications of mRNAs are
increased in cancer cells during EMT, and that deletion
of the m®A writer, METTL3, can impair EMT, while dele-
tion of the m®A eraser, FTO, can promote EMT [16, 17].
IncRNAs are reported to participate in all steps of m°A
processing, including methylation, demethylation and
recognition via binding to diverse m°A modifiers [18—
20]. Although it is established that IncRNAs are critical
regulators of EMT [21], whether their effects on EMT are
mediated by modulating m®A modification is unknown.
Heterogeneous nuclear ribonucleoprotein A2B1 (hnRN-
PA2B1) is a member of the hnRNP family and is involved
in RNA transcription, stabilization, splicing and transla-
tion [22]. hnRNPA2B1 has been found to play a direct
role in cancer development and progression by induc-
ing EMT in various cancer types [23-25]. hnRNPA2B1
has been proposed as a m°A reader involved in primary
miRNA processing and the innate immune response
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to DNA viruses [26, 27]. Recent evidence suggests that
hnRNPA2B1 may mediate effects of m°A through a “m°®A
switch” mechanism [28]. However, it remains unknown
whether hnRNPA2B1 modulates the EMT process via
regulation of m®A modifications.

Here, we demonstrate that MIR100HG exerts a
miRNA-independent role in regulating EMT, cetuximab
resistance and metastasis in CRC cells by interacting with
hnRNPA2B1. MIR100HG and hnRNPA2B1 cooperatively
enhance the mRNA stability of TCF7L2, a downstream
effector of Wnt signaling, in a m®A-dependent manner,
which facilitates expression of Wnt target genes. TCF7L2
activates MIR100HG transcription, creating a feed for-
ward regulatory loop. The MIR100HG/hnRNPA2B1/
TCF7L2 axis was augmented in CRC specimens from
patients who progressed on cetuximab and those with
metastasis. Collectively, our findings reveal an actionable,
epigenetic cause of cetuximab resistance and metastasis
in advanced CRC involving a MIR1I00HG/hnRNPA2B1/
TCF7L2 feedback loop.

Materials and methods

Cell culture

The human CRC cell lines NCI-H508, Caco-2, SW403,
SW948, HT29, SK-CO-1, DLD-1, SW480, SW837, SW48,
SW620, LoVo, COLO205, T84, LS174T, NCIH716,
HCTS8, HCT15, SW1116, RKO, COLO320DM, HuTu80,
LS123, HCT116, DiFi, GEO, LIM1215, LIM2405 and V9P
were used as previously described [7]. Cetuximab-sensi-
tive CC cells and cetuximab-resistant CC-CR cells were
generated by culturing the CRC cell line, HCA-7, in a
three-dimensional (3D) system with type-1 collagen and
continuous cetuximab (3 pg/ml) treatment for approxi-
mately 4 months [7]. All cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco) supplemented
with 10% fetal bovine serum (Gibco), glutamine (Gibco),
nonessential amino acids (Gibco), 100U/ml penicil-
lin and 100 pg/ml streptomycin (HyClone) in 5% CO, at
37°C. All cell lines were confirmed to be free of myco-
plasma contamination. 3D collagen cultures were per-
formed as previously described [7].

RNAscope assay

MIR100HG and TCF7L2 mRNA expression was detected
by in situ hybridization (ISH) using an RNAscope Mul-
tiplex Fluorescent Kit V2 combined with immunofluo-
rescence on formalin-fixed paraffin-embedded (FFPE)
tissue sections according to the manufacturer’s instruc-
tions (Advanced Cell Diagnostics). The MIR100HG
(No. 483151) and TCF7L2 probes (No. 420041) were
purchased from Advanced Cell Diagnostics. A confocal
microscope (Nikon AIR) was used for image analysis.
RNAscope staining was categorized into five grades 0, 1,

Page 30f 18

2, 3 and 4, according to the following criteria: 0, no stain-
ing or less than 5% tumor cells in each field examined;
1, 5~10% tumor cells stained in each field examined; 2,
10~25% tumor cells stained in each field examined; 3,
25~50% tumor cells stained in each field examined; 4,
50~100% tumor cells stained in each field examined. A
score > 2 was considered positive. Three fields of a tissue
section were selected for histology quantification. Spear-
man rank correlation was adopted for statistical analyses
of the association between target genes of interest.

A detailed description of the Materials and Meth-
ods used in this study can be found in Supplementary
Material.

Results

MIR100HG is closely related to and involved

in the regulation of EMT in CRC

We previously described the generation of cetuximab-
sensitive CC cells and cetuximab-resistant CC-CR cells
from human HCA-7 cells, a WT KRAS/NRAS/BRAF,
microsatellite unstable CRC cell line [7]. CC cells seeded
in 3D culture using type-1 collagen generated hollow,
fully polarized structures, as indicated by apical localiza-
tion of atypical PKC, GP135, Ezrin and lateral localiza-
tion of p120-catenin. In contrast, the majority of CC-CR
cells exhibited solid, disorganized structures with loss of
apico-basalateral polarity (Fig. 1a). The loss of cell polar-
ity is considered a hallmark of cancer progression with
epithelial cells undergoing a mesenchymal transition
as an important step [1]. CC-CR cells showed a loss of
E-cadherin-mediated adherens junctions, reduction of
the tight junction protein, ZO-1, and increased expres-
sion of mesenchymal markers, N-cadherin and vimen-
tin, compared to CC cells (Fig. 1b, ¢ and Supplementary
Fig. 1a). Expression of EMT-inducing transcription fac-
tors (EMT-TFs), including Snail, Twist and ZEB fam-
ily members, were also elevated in CC-CR cells (Fig. 1c
and Supplementary Fig. 1a). These features suggest EMT
occurs in CC-CR cells in 3D culture.

Since MIR100HG is the most overexpressed transcript
in CC-CR compared to CC, we thus investigated whether
MIR100HG was involved in EMT. We first analyzed the
correlation between MIR100HG and a list of EMT gene
expression signatures [29] in a large human CRC data
set (n=2375) and found that MIR100HG and EMT were
highly correlated (Fig. 1d, Pearson R=0.764, P<0.0001).
By employing an EMT hallmark gene set from the
Molecular Signatures Database (MSigDB) [30], we dem-
onstrated that EMT gene expression patterns were sig-
nificantly enriched in CRC samples with a high level of
MIR100HG by Gene Set Enrichment Analysis (GSEA)
(n=478, Fig. le). Furthermore, analysis of The Cancer
Genome Atlas (TCGA) CRC data repository (n=433)
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Fig. 1 Regulation of EMT in CRC by MIR100HG. a Immunofluorescence of aPKC, GP135, Ezrin and p120-catenin in CC and CC-CR cells in 3D culture.
b Immunofluorescence of E-cadherin, ZO-1, N-cadherin and Vimentin in CC and CC-CR cells in 3D culture. ¢ Immunoblots of indicated proteins
from 3D-cultured CC and CC-CR cell lysates. 3-actin served as a loading control. Representative of three independent experiments. d Correlation
analysis of MIRTOOHG expression and EMT score in CRC patients (n=2375). @ GSEA of an EMT gene signature in CRC samples with high MIRT00HG
expression versus those with low MIRT00HG expression in TCGA database (n=478). The median expression of MIR100HG was used as the cut-off.

f Correlation analyses of expression of MIR1T00HG and EMT markers in TCGA database (n=433). g-j gPCR and immunoblots of EMT markers in
indicated cells, n=3 independent biological replicates. **P < 0.01, *P < 0.05. Data represent mean +s.d
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revealed that there were strong positive correlations
between MIR100HG and the expression of mesenchymal
genes or EMT-TFs (Fig. 1f). In addition, weak but signifi-
cant negative correlations between MIR100HG and the
expression of epithelial genes were also observed (Sup-
plementary Fig. 1b). These results strongly suggest that
MIR100HG expression is correlated with a mesenchymal
state of CRC.

MIR100HG is encoded by four exons (3129bp in
length) of the MIRIOOHG gene, which spans 394kb of
chromosome. To determine whether MIR100HG regu-
lates the EMT process in CRC cells, we specifically
deleted the longest exon, exon 4, of MIRIO0OHG (2638 bp)
using CRISPR/Cas9 gene-editing (Supplementary
Fig. 1c) in CC-CR cells; the resulting line is designated
MIRIOOHG ¥, We also overexpressed MIRIOOHG in
CC cells by transduction of a lentiviral vector express-
ing the full-length MIR100HG transcript (Supplemen-
tary Fig. 1d). qPCR confirmed that cells with depleted
or overexpressed MIR1I00HG did not show a significant
change in levels of the MIRIOOHG intron-encoded miR-
100 or miR-125b (Supplementary Fig. 1d). MIR100HG-
overexpressing CC cells showed reduced expression
of E-cadherin and increased expression of mesenchy-
mal genes and EMT-TFs; in marked contrast, increased
expression of these genes was observed in MIRI00HG-
KOE4 cells (Fig. 1g and h). Similar results were observed
in SW480 (low endogenous MIR100HG expression) and
SW620 (moderate endogenous MIR100HG expression)
cells after MIR1I00HG overexpression or knockdown by
transfection with antisense oligonucleotides (ASOs),
respectively (Fig. 1i, j and Supplementary Fig. 1d, e). Col-
lectively, these results indicate that MIRI00HG induces
EMT in CRC.

MIR100HG is important for maintaining cetuximab
resistance and promoting metastasis in CRC cells

We next investigated whether MIR100HG is involved
in drug resistance and metastasis in CRC, phenotypes
closely associated with EMT [2, 31]. We first analyzed
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cetuximab responsiveness in 29 CRC cell lines stratified
by gene expression-based consensus molecular subtyping
(CMS) [32] (Supplementary Table 9). We found that cells
in the CMS2 and CMS3 classifications were responsive
to cetuximab treatment, while cells in the CMS4 mesen-
chymal group exhibited cetuximab resistance (Fig. 2a and
Supplementary Fig. 2a), supporting that EMT confers
cetuximab resistance in CRC. In 3D culture, MIR100H-
GXOF* CC-CR cells showed comparable colony numbers
to the WT cells; however, in the presence of cetuximab,
MIR100HG ¥ cells showed a significant reduction in
colony numbers compared to WT (Fig. 2b). Decreased
Ki-67 and increased cleaved caspase-3 staining were
observed in MIRIOOHGX® CC-CR cells following
cetuximab treatment (Fig. 2c and Supplementary Fig. 2b).
Restoration of the full-length MIRI00HG transcript
(MIR100HG-FL), but not the antisense one (MIR100HG-
AS), largely abrogated responsiveness to cetuximab in
MIRIOOHGX®®* CC-CR cells (Fig. 2d). To determine
whether these findings could be recapitulated in vivo,
we established subcutaneous xenografts in athymic nude
mice with MIRI00HGX®* CC-CR cells transduced with
a luciferase-expressing lentiviral vector and then treated
the mice with cetuximab (Fig. 2e). The in vivo biolumi-
nescence, as well as tumor volumes and weights, in the
MIRI100HG ®®* group after cetuximab treatment were
markedly decreased compared to the control group
(Fig. 2f and g). Immunohistochemical (IHC) staining
showed that MIRI00HG"C®* tumors treated with cetux-
imab contained fewer Ki-67-positive cells and more
cleaved caspase-3-positive cells (Supplementary Fig. 2c).
These results indicate that MIR100HG is important for
maintenance of cetuximab resistance in CRC cells and
that reducing the levels of MIR1I00HG can restore drug
sensitivity.

We next determined whether MIR1I00HG contributes
to CRC metastasis. Analysis of the TCGA data reposi-
tory revealed that MIR100HG expression is significantly
higher in CRC patients with metastasis than in patients
without metastasis (Fig. 2h). Upregulation of MIR100HG

(See figure on next page.)

Fig. 2 MIR100HG drives cetuximab resistance and metastasis in CRC cells. a Mean CTX inhibition rate of CRC cells categorized by the gene
expression-based consensus molecular subtyping (CMS). b Colony counts for 3D-cultured MIR100H
(3 pg/ml) after 18 d (n =3 independent experiments performed in triplicate). ¢ Representative images of Ki-67 (green) and cleaved Caspase-3 (red)
staining in MIR100HG©® CC-CR cells treated with CTX (10 pg/ml) for 24h after culturing in 3D culture for 12 d, n=>5 independent experiments.
Scale bar, 50 um. d Colony counts for 3D-cultured CC-CR cells with indicated treatment (n =3 independent experiments performed in triplicate).

e Representative bioluminescence images of athymic nude mice (n=7) injected subcutaneously with WT or MIR100HG O CC-CR cells that
received CTX treatment (1 mg per mouse, intraperitoneal (i.p.) injection every 3 d). f, g Growth curve with image (f) and weight (g) of tumors in

GKO¥ cells in the presence or absence of CTX

athymic nude mice (n=7) injected with indicated cells. h Expression of MIRTOOHG in CRC patients with (M1) or without (M0) metastasis from TCGA

database. i, j Extent of migration or invasion using Transwell migration and invasion assays of indicated cells when MIRT00HG was overexpressed

(i) and knocked down or knocked out (j). n= 3 independent biological replicates. k Representative bioluminescence images of indicated groups of

mice (n=10) at 8weeks after tail vein injection (left) as well as radiance measurements (right). | Representative hematoxylin and eosin (H&E)-stained
images of lung tissue sections from different groups (left). The number of lung metastatic foci was calculated (right) (n=10). Scale bars, 200 um. m,

n Overall survival for mice in indicated groups. ***P <0.001, **P<0.01, *P < 0.05. Data represent mean %s.d., n.s., not significant
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in SW480 cells, as well as in DiFi cells (low endogenous
MIR100HG expression; Supplementary Fig. le), sig-
nificantly increased migration and invasion (Fig. 2i
and Supplementary Fig. 2d). In contrast, knockdown of

MIR100HG in SW620 cells, as well as in HCT116 cells
(high endogenous MIR100HG expression; Supplemen-
tary Fig. le), hindered their migration and invasion abili-
ties (Fig. 2j and Supplementary Fig. 2e). Furthermore,
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we employed in vivo metastasis assays by injecting
MIR100HG-silenced SW620 or LoVo (moderate endog-
enous MIR1I00HG expression; Supplementary Fig. le)
cells into the tail vein of nude mice. Compared to the
control group, mice injected with MIR100HG-silenced
cells showed a decrease in metastasis, as indicated by
the overall bioluminescence signal and number of lung
metastasis, and improved survival (Fig. 2k-n and Supple-
mentary Fig. 2f). These results indicate that MIR100HG
promotes tumor invasion and enhances metastatic capa-
bility in CRC cells.

hnRNPA2B1 is a direct and functional binding partner

of MIR100HG

One of the ways that IncRNAs can exert their effects is
by directly interacting with RNA binding proteins [33].
Since MIR100HG is mainly located in the nucleus, we
performed chromatin isolation by RNA purification
(ChIRP) coupled to mass spectrometry-based profil-
ing to identify nuclear-localized interacting partners of
MIR100HG in CRC cells. In total, 173 and 76 ChIRP-
purified proteins were isolated from CC-CR and HCT116
cells, respectively, using two groups of biotin-labeled
oligo probe sets targeting MIR100HG (Fig. 3a; Supple-
mentary Table 8 and 10). Among them, five candidates,
hnRNPA2B1, SUPT16H, SNRNP70, DKC1 and PES],
were enriched in all groups (Fig. 3a). hnRNPA2B1 was
chosen for further investigation as it has been reported
to be an EMT regulator in various cancer types [23-25].
The enrichment of hnRNPA2B1 by MIR100HG probes
was confirmed in CC-CR and HCT116 cells (Fig. 3a) and
further validated by RNA-binding protein immunopre-
cipitation (RIP) assays which showed that MIR100HG
was significantly enriched in pull-downs using antibodies
against hnRNPA2B1 compared to control IgG (Fig. 3b).
To determine the specific region of MIR1IOOHG that
binds to hnRNPA2B1, a series of MIRI00HG fragments
were generated based on its secondary structure pre-
dicted by the RNAfold web server (Fig. 3c) and then these
constructs were used in biotin-labeled RNA pull-down
assays. The results showed that hnRNPA2B1 mainly
binds to a MIR100HG fragment that is transcribed from
nucleotides 2170 to 3100 (Fig. 3d). In addition, RIP assays
using antibodies against full-length or truncated hnRN-
PA2B1 with a Flag-tag were carried out to elucidate the
specific domain of hnRNPA2B1 that mediates the inter-
action with MIR100HG (Fig. 3e). The results revealed
that the RNA recognition motif 2 (RRM2) domain of
hnRNPA2B1 was primarily responsible for the interac-
tion with MIR100HG (Fig. 3f). These results indicate
that hnRNPA2B1 is a bona fide interacting partner of
MIR100HG in CRC cells.
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We then investigated the role of hnRNPA2B1 in CRC
progression. Silencing of hnRNPA2B1 increased E-cad-
herin and reduced vimentin expression in CC-CR and
LoVo cells (relatively high endogenous MIR100HG and
hnRNPA2B1 expression; Supplementary Fig. le and
3a), consistent with the effect of MIR1I00HG on EMT
(Figs. 1h, h and 3g). In 3D culture, knockdown of hnRN-
PA2B1 in CC-CR cells reduced total colony numbers with
the reduction being more pronounced with cetuximab
treatment, indicating that hnRNPA2B1 can contribute
to cetuximab resistance (Fig. 3h). Meanwhile, knock-
down of hnRNPA2B1 markedly hindered cell migra-
tion and invasion (Fig. 3i and Supplementary Fig. 3b).
We next sought to elucidate the role of hnRNPA2B1 in
MIR100HG-mediated cetuximab resistance and metasta-
sis. Silencing of hnRNPA2B1 reversed E-cadherin reduc-
tion, which was mediated by MIR1I00HG overexpression
in CC and SW480 cells (Fig. 3j). In the presence of cetuxi-
mab, MIR100HG*®® CC-CR cells exhibited reduced col-
ony numbers, which was partially offset by hnRNPA2B1
overexpression (Fig. 3k). Knockdown of hnRNPA2B1 also
abolished the enhanced migration and invasion ability
of MIR100HG-overexpressing cells (Fig. 31 and Supple-
mentary Fig. 3c). Collectively, these results suggest that
MIR100HG promotes CRC progression via its interac-
tion with hnRNPA2B1.

MIR100HG and hnRNPA2B1 regulate TCF7L2 mRNA
stability and activate Wnt signaling

To explore how MIR100HG contributes to CRC progres-
sion through binding to hnRNPA2B1, we first examined
whether MIR100HG affects hnRNPA2B1 expression.
Neither overexpression nor knockdown of MIR1I00HG
influenced mRNA or protein levels of hnRNPA2B1 in
CRC cells (Supplementary Fig. 4a-c). Since hnRNPA2B1
shuttles between the nucleus and the cytoplasm [34], we
analyzed the subcellular distribution of hnRNPA2B1 in
MIR100HG-overexpressing and silenced cells and found
that MIR100HG had no influence on cellular distribution
of hnRNPA2B1 (Supplementary Fig. 4d and e). Given
that hnRNPs are associated with precursor mRNAs
(pre-mRNAs) and influence pre-mRNA processing and
metabolism [22], we speculated that certain mRNAs
might be affected by the interaction between MIR100HG
and hnRNPA2B1. To profile mRNA candidates regu-
lated by both MIR100HG and hnRNPA2B1, we silenced
either MIRIOOHG or hnRNPA2B1 and performed RNA
sequencing. Notably, TCF7L2 (also known as TCF4)
was identified as the only significantly downregulated
gene (fold-change >2, p<0.05) consistent across all
MIR100HG- and hnRNPA2B1-silenced groups (Fig. 4a).
Since our previous study revealed that a positive corre-
lation exists between MIR100HG and Wnt signaling [7],
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we decided to focus efforts on TCF7L2 since it is a criti-
cal transcriptional coactivator of Wnt signaling, which
is tightly linked to drug resistance, metastasis and EMT
[35]. As shown in Fig. 4b, knockdown of MIR100HG
or hnRNPA2B1 reduced TCF7L2 mRNA and protein
expression in CC-CR and HCT116 cells (high endog-
enous MIR100HG and hnRNPA2B1 expression; Supple-
mentary Fig. le, 3a, 4f and 4g), while overexpression of
MIR100HG or hnRNPA2B1 increased TCF7L2 mRNA
and protein levels in CC and SW4380 cells (relatively low
endogenous MIRIO0HG and moderate hnRNPA2B1
expression; Supplementary Fig. 1a, 3a, 4f and 4g). How-
ever, manipulation of MIR100HG or hnRNPA2B1 did not
affect the transcription of TCF7L2, as evidenced by the
unchanged levels of pre-mRNA of TCF7L2 (Supplemen-
tary Fig. 4h), suggesting that TCF7L2 is regulated post-
transcriptionally by MIRI00HG and hnRNPA2BI1.
hnRNPs are known regulators of RNA stability [22].
To test whether hnRNPA2B1 could affect the stability
of TCF7L2 mRNA, we treated cells with Actinomycin
D to halt new RNA synthesis and examined TCF7L2
mRNA levels. Accelerated mRNA decay of TCF7L2
upon hnRNPA2B1 knockdown was confirmed in CC-CR
and HCT116 cells (Fig. 4c and Supplementary Fig. 4i),
indicating that hnRNPA2B1 acts to stabilize TCF7L2
mRNA. Knockdown of MIR100HG also enhanced
TCF7L2 mRNA degradation (Fig. 4d and Supplemen-
tary Fig. 4j). Overexpression of MIR100HG extended
the half-life of TCF7L2 mRNA in CC and Caco-2 cells,
but silencing of hnRNPA2B1 abrogated the stabiliz-
ing effect of MIR100HG (Fig. 4e). These results indicate
that hnRNPA2B1 and MIR100HG cooperatively upreg-
ulate TCF7L2 expression by enhancing mRNA stabil-
ity. We next determined whether TCF7L2 is involved in
MIR100HG- or hnRNPA2B1-mediated CRC progression.
Overexpression of TCF7L2 in MIR100HG- or hnRN-
PA2B1-depleted CRC cells rescued cetuximab resistance,
cell migration and invasion (Fig. 4f, g and Supplementary
Fig. 4k). Restoration of TCF7L2 induced EMT, which was
inhibited by MIR100HG or hnRNPA2B1 downregulation,
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as demonstrated by reduced E-cadherin and increased
vimentin expression (Fig. 4h). These results indicate
that MIR1I00HG and hnRNPA2B1 function mainly by
TCF7L2 modulation.

We next examined whether the functions of
MIR100HG/hnRNPA2B1/TCF7L2 axis are mediated
by activating Wnt signaling. A luciferase reporter plas-
mid harboring three optimal TCF/LEF1-binding sites
(TOP-flash) or three mutated TCF/LEF1-binding sites
(FOP-flash) was transfected into HEK293T cells. TOP/
FOP-flash activity was significantly repressed after
MIR100HG or hnRNPA2B1 knockdown, whereas this
inhibition was rescued by TCF7L2 overexpression, espe-
cially after administration of the canonical Wnt ligand
Wnt3A (Fig. 4i). In addition, a subset of Wnt target genes,
which are associated with cell growth (c-Myc and Cyclin
D1) and EMT (ZEBI1 and Slug), was significantly upregu-
lated in MIR100HG- and hnRNPA2BI1-overexpressing
CRC cells (Fig. 4j, k and Supplementary Fig. 41, m). In
contrast, knockdown of MIR100HG and hnRNPA2B1
led to a reduction of these Wnt target genes in CC-CR
and HCT116 cells (Fig. 4j, k and Supplementary Fig. 4],
m). Collectively, these results suggest that MIR100HG
enhances the stability of TCF7L2 mRNA via interaction
with hnRNPA2B1 and subsequently activates the Wnt
signaling pathway.

Stabilization of TCF7L2 mRNA by hnRNPA2B1

and MIR100HG is m®A-dependent

In terms of base modifications of mRNA, m®A is one of
the most abundant alterations, and it can have profound
effects on mRNA stability [12]. Since hnRNPA2B1 is a
mediator of m°A-dependent nuclear RNA processing
events [26, 28], we speculated that hnRNPA2B1 might
regulate TCF7L2 mRNA stability in a m°A-dependent
manner. We found that silencing of the m®A methyltrans-
ferase METTL3 in CC-CR and HCT116 cells decreased
TCF7L2 mRNA levels (Fig. 5a). Methylated RNA immu-
noprecipitation (MeRIP) assays further confirmed
that silencing of METTL3 reduced the level of m°A

(See figure on next page.)

represent mean % s.d,, n.s., not significant

Fig. 4 MIR100HG and hnRNPA2B1 collaboratively regulate TCF7L2 mRNA stability and activate Wnt signaling. a Upset plot showing the number
of significantly up- or down-regulated genes in multiple comparisons of the RNA-sequencing data of HCT116 cells after MIRTOOHG or hnRNPAB'
knockdown. b Immunoblots and gPCR analyses of TCF7L2 expression in CC and CC-CR cells after manipulation of MIRT00HG (left) or hnRNPA2B1
(right) expression. Representative of three independent experiments. ¢, d Assessment of TCF7L2 mRNA half-life (t; ) in hnRNPA2B1- (c) or
MIRTO0HG- (d) silenced CC-CR cells. n=3 independent biological replicates. e Assessment of TCF7L2 mRNA half-life in MIRT00HG-overexprssing
CC and Caco-2 cells after hnRNPA2B1 knockdown. n= 3 independent biological replicates. f Colony counts for 3D-cultured MIRT00HG 0%

(left) or hnRNPA2B1-silenced (right) CC-CR cells after TCF7L2 overexpression in the presence or absence of CTX (3 pug/ml), n=3 independent
experiments performed in triplicate. g Extent of migration and invasion using Transwell migration and invasion assays for MIR100HG % (left) or
hnRNPA2B1-silenced (right) HCT116 cells after TCF7L2 overexpression. n =3 independent biological replicates. h Immunoblots of E-cadherin
and vimentin in CC-CR and LoVo cells after the indicated treatment. Representative of three independent experiments. i Top/Fop flash luciferase
reporter activity in HEK293T cells after indicated treatment. n=3 independent biological replicates. j gPCR analyses of Wnt target genes in CC and
CC-CR cells after manipulation of MIR100HG (j) or hnRNPA2B1 (k) expression. n= 3 independent biological replicates. **P<0.01, *P < 0.05. Data
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modification for TCF7L2 mRNA (Fig. 5b). Five predicted
m°A sites in the TCF7L2 mRNA were identified using the
SRAMP online tool [36] and then validated by MeRIP
assays (Fig. 5c). The greatest enrichment of TCF7L2
mRNA after pull-down with antibodies against m°A was
for the 42133 site in the 3’'UTR near the stop codon

(Fig. 5c). These results indicate that TCF7L2 mRNA
is m°A modified and that this modification stabilizes
TCF7L2 mRNA. Next, we determined whether the inter-
action between hnRNPA2B1 and TCF7L2 depends on the
m®A modification. RIP assays demonstrated that TCF7L2
mRNA was enriched by the hnRNPA2B1 antibody in
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CC-CR and HCT116 cells (Fig. 5d), indicating an interac-
tion between hnRNPA2B1 and TCF7L2 mRNA. Knock-
down of METTL3 reduced this enrichment (Fig. 5e),
suggesting that the m®A modification on TCF7L2 mRNA
was necessary for its interaction with hnRNPA2BI1.
Notably, TCF7L2 mRNA precipitated by hnRNPA2B1
was markedly decreased in MIRI00HG*°® CC-CR and
HCT116 cells (Fig. 5f), implying that the interaction
between hnRNPA2B1 and TCF7L2 is also dependent on
MIR100HG. Furthermore, we performed an in vivo RNA
precipitation assay to validate whether the interaction
between hnRNPA2B1 and TCF7L2 is m®A-dependent. In
this case, TCF7L2 fragments harboring WT or a mutant
+2133 m®A modification site were tagged with S1m
(Fig. 5g), a modified streptavidin-binding aptamer that
acts similar to biotin but with a higher affinity [37]. Utili-
zation of a system where CC and HCT8 cells were trans-
fected with the S1m-tagged TCF7L2 constructs allowed
for m°A modification to occur in vivo. The streptavidin
aptamer-based capture showed that mutation of the m°A
site for TCF7L2 abrogated association with hnRNPA2B1
(Fig. 5g). This suggests that m°A modification of TCF7L2
mRNA is critical for its association with hnRNPA2BI1. In
addition, we constructed a firefly luciferase reporter car-
rying the WT or mutant TCF7L2 sequence (Supplemen-
tary Fig. 5a). Ectopic hnRNPA2B1 induced a significant
increase in luciferase activity of the WT reporter, but
this increase was impaired by mutation of the m°A site
in HCT8 and HEK293T cells (Fig. 5h and i). Consistently,
the hnRNPA2B1-mediated increase of luciferase activ-
ity was blocked by METTL3 or MIR100HG knockdown
(Fig. 5j and k). Collectively, these data suggest that the
m®A modification of TCF7L2 mRNA is required for its
binding to hnRNPA2B1 with MIR100HG serving as an
indispensable partner for the interaction.

TCF7L2 activates MIR100HG transcription and forms

a reciprocal positive feedback loop

To further explore the mechanism by which MIR1I00HG
is upregulated in CC-CR cells, we analyzed predicted TF
binding motifs in the 2-kb promoter region of MIRI00HG
by using the JASPAR database [38]. Of note, four TCF7L2
binding sites were identified in the MIRIOOHG promoter
(Fig. 6a), suggesting that MIR100HG may be a TCF7L2-
responsive IncRNA. Consistent with this, silencing of
TCF7L2 in CC-CR and HCT116 cells (high endogenous
TCF7L2 expression; Supplementary Fig. 5b) resulted
in reduced MIR100HG expression (Fig. 6b), suggest-
ing that TCF7L2 may be a transcriptional regulator of
MIR100HG. In line with this, overexpression of TCF7L2
enhanced MIR100HG expression in CC and Caco-2
cells (low endogenous TCF7L2 expression; Supplemen-
tary Fig. 5b) (Fig. 6b). To determine whether TCF7L2
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activates MIR100HG transcription, luciferase reporter
constructs containing the TCF7L2 binding sites in the
MIRIOOHG promoter were transduced into CC-CR
and HCT116 cells (Fig. 6¢). Serial deletion analysis and
site-directed mutagenesis of the MIRIOOHG promoter
showed that TCF7L2-binding sites 1 and 2 are the pre-
dominant sites for TCF7L2-mediated transcriptional
activation (Fig. 6d and e). Chromatin immunoprecipita-
tion (ChIP) assays confirmed that TCF7L2 protein bound
directly to the MIRIOOHG promoter at TCF7L2-binding
sites 1 and 2 (Fig. 6f). In addition, a positive correlation
was observed between TCF7L2 and MIR100HG expres-
sion in a panel of CRC cell lines, as well as in the TCGA
data repository (Fig. 6g and h). Collectively, these results
suggest that a mutual regulatory mechanism exists
between MIR100HG and TCF7L2, wherein MIR100HG
and hnRNPA2B1 stabilize TCF7L2 mRNA, and, in turn,
TCF7L2 elevates MIR100HG abundance via transcrip-
tional activation (Fig. 6i).

Validation of MIR100HG, hnRNPA2B1 and TCF7L2
expression in CRC specimens

To examine whether the MIRI00HG/hnRNPA2B1/
TCF7L2 axis plays a role in cetuximab resistance of CRC
patients, we obtained paired tumor specimens from 12
individuals before the start of cetuximab treatment and at
the time of tumor progression (Supplementary Table 1).
Acquired mutations and amplifications in post-treatment
samples were documented if detected (Supplementary
Table 11). Using chromogenic RNAscope in situ hybridi-
zation, we found that MIR100HG and TCF7L2 were sig-
nificantly overexpressed in tumors that progressed on
cetuximab treatment compared to pre-treatment coun-
terparts (Fig. 7a and b). Increased hnRNPA2B1 immuno-
reactivity was also observed in serial sections of tumors
that progressed on cetuximab (Fig. 7a and b). Positive
correlations between MIR100HG or hnRNPA2B1 with
TCF7L2 expression were observed (Fig. 7c). These results
demonstrate that upregulation of MIR100HG, hnRN-
PA2B1 and TCF7L2 occurs in the setting of cetuximab
resistance in CRC patients.

We next analyzed MIR100HG, hnRNPA2B1 and
TCF7L2 expression in 14 paired specimens of pri-
mary CRC tissues, adjacent nontumor tissues and their
matched lymph node or distant metastasis samples (Sup-
plementary Table 2 and 3). Compared to primary lesions,
lymph node, as well as distant metastasis, exhibited sig-
nificantly higher expression of MIR100HG, hnRNPA2B1
and TCF7L2 (Fig. 7d-f). Positive associations were also
identified between MIR100HG or hnRNPA2B1 with
TCF7L2 expression in the primary CRC tissues and met-
astatic lesions (Fig. 7g and h). These results indicate that
expression of MIRIOOHG, hnRNPA2B1 and TCF7L2 is
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increased in metastatic lesions compared to the primary
tumor of these CRC patients.

Discussion

MIRIOOHG harbors miR-100, let-7a-2 and miR-125b-1
within its third intron, and hence is referred to as a
miRNA host gene. The expression and function of the
MIR100HG-embedded miRNAs are well documented
[8], but a role for the IncRNA from the MIRI00HG locus
in this context has not been studied. In the present study,
we uncovered a novel role for MIR100HG in promoting
EMT-mediated cetuximab resistance and metastasis in
CRC. MIR100HG and its binding partner, hnRNPA2BI,
co-regulate the stabilization of TCF7L2 mRNA, thus
enhancing Wnt signaling in CRC cells. We found that the
m®A modification of the TCF7L2 transcript is a prereq-
uisite for binding to hnRNPA2B1 and that MIR100HG
expression is transcriptionally regulated by TCF7L2, thus
forming a positive feedback loop. This regulatory cir-
cuitry is clinically actionable as verified by the analysis of
MIR100HG/hnRNPA2B1/TCF7L2 expression patterns in
CRC specimens from patients whose tumors progressed
on cetuximab and patients with lymph node or distant
metastasis. These data support the potential therapeutic
and predictive value of the proposed model.

As an important member of the A/B subfamily of
heterogeneous nuclear ribonucleoproteins (hnRNPs),
hnRNPA2B1 aids in the transcription, splicing, stability,
and translation of a variety of RNA molecules as well as
controlling the expression of numerous genes by recog-
nizing and binding specific RNA substrates and DNA
motifs [22]. Recent studies demonstrated that hnRN-
PA2B1 is a common binding partner of IncRNAs and
plays a critical role in EMT, drug resistance and metas-
tasis in multiple cancers. In pancreatic cancer, hnRN-
PA2B1 interacts with linc01232 to accelerate metastasis
through A-Raf-induced MAPK/ERK signaling pathway
activation [39]. hnRNPA2B1 also reduces the sensi-
tivity of breast cancer cells to chemotherapy drugs by
regulating the alternative splicing of Bcl-x pre-mRNA
[40]. Our study revealed that hnRNPA2B1 was a direct
and functional binding partner of MIR100HG, which
adds to the literature describing interactions between
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hnRNPA2B1 and IncRNAs in the setting of drug resist-
ance and metastasis. TCF7L2 mRNA is stabilized by
interaction with hnRNPA2B1 through the assistance of
MIR100HG and m°A modification.

It should be noted that the mechanism behind hnRN-
PA2B1 affecting the stability of TCF7L2 mRNA is not
fully elucidated. Regulation of mRNA stability depends
in part on specific cis-acting sequences and trans-acting
factors [41]. It has been reported that hnRNPA2B1 regu-
lates mRNA stability by binding UAASUUAU sequences
or (U)16 elements in the 3'-UTR of mRNAs [42, 43].
hnRNPA2B1 can also influence mRNA half-life by regu-
lating polyadenylation [44]. Our in vivo pull-down assay
revealed that the recognition site between hnRNPA2B1
and TCF7L2 is in the 3/-UTR of TCF7L2 mRNA near the
stop codon, providing evidence that the 3’-UTR might be
important for this mRNA’s half-life [45]. Understanding
the mechanisms underpinning hnRNPA2B1 effects on
the stability of TCF7L2 mRNA will be the focus of our
future studies.

Our previous study revealed that Wnt signaling
was augmented in cetuximab-resistant CRC cells and
tumors that progressed on cetuximab treatment due
to repression of the five negative regulators (DKKI,
DKK3, ZNRF3, RNF43 and APC2) of Wnt signaling by
MIR100HG-derived miRNAs, miR-100 and miR-125b
[7]. In the present study, we provide further evidence
regarding the activation of Wnt signaling by finding that
MIR100HG interacted with hnRNPA2B1 to enhance
Wnt signaling through stabilization of TCF7L2 mRNA,
with TCF7L2 as a core component that binds to nuclear
[-catenin to promote downstream Wnt target gene tran-
scription [46]. Based on our findings, we propose that
MIR100HG and miR-100/125b function at different lev-
els of Wnt signaling via complementary mechanisms that
augment Wnt signaling activity in the setting of advanced
CRC (Supplementary Fig. 5c). Our findings are in line
with the recent studies supporting that Inc-MIRHGs
frequently function in concert with their encoded miR-
NAs. For instance, miR503HG and its encoded miR-503
cooperatively inhibit tumor metastasis in hepatocellular
carcinoma [47, 48], and IncRNA H19 and miR-675 both
promote tumor cell proliferation in CRC [49, 50].

(See figure on next page.)

Fig. 7 Coordinated expression of MIRTOOHG/hnRNPA2B1/TCF7L2 in CRC specimens. a Representative RNAscope staining images of MIRT00HG
and TCF7L2 and corresponding IHC staining images of hnRNPA2B1 in paired human CRC specimens obtained pre- and post-cetuximab resistance.
Scale bars, 50 um (main) and 500 um (inset). b Frequency of MIRT00HG- (left) and TCF7L2- (middle) positive cells in twelve pairs of matched CRC
specimens obtained pre- and post-cetuximab resistance. IHC scores of hnRNPA2B1 in these specimens are shown (right). ¢ Correlation analysis of
TCF7L2 and MIRT00HG or hnRNPA2B1 expression in CRC specimens obtained pre- and post-cetuximab resistance. d Representative RNAscope
staining images of MIRT00HG and TCF7L2 and corresponding IHC staining images of hnRNPA2B1 in paired specimens of primary CRC tissues,
adjacent nontumor tissues and their matched lymph node metastases (LNM) or distant metastases (DM). Scale bars, 50 um (main) and 500 um
(inset). e, f Frequency of MIRTO0HG- (left) and TCF7L2- (middle) positive cells in 14 paired specimens of primary CRC tissues, adjacent nontumor
tissues and their matched lymph node (e) or distant (f) metastases. IHC scores of hnRNPA2B1 in these specimens are shown (right). g, h Correlation
analysis of TCF7L.2 and MIR100HG or hnRNPA2B1 expression in 28 primary (g) and metastatic (h) CRC tissues. **P<0.01, *P<0.05
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Wnt signaling is considered a potent regulator of EMT
in diverse cancer types [51]. In this study, we observed
that the MIR100HG/hnRNPA2B1/TCF7L2-mediated
activation of Wnt signaling coincides with an EMT sig-
nature in CRC. Consistently, EMT-TFs including ZEB1
and Slug, which are known Wnt target genes, were sig-
nificantly modulated upon MIR100HG and hnRNPA2B1
overexpression or knockdown. It is well acknowledged
that EMT is a key driver of cancer metastasis [1], but
EMT also can override the cytostatic effects of anti-
EGEFR therapy by increasing Snail and AXL expression
[52]. In addition, EMT confers anti-EGFR therapy resist-
ance by reducing BIM expression, which is transcription-
ally repressed by the EMT-TF ZEB1 [53]. Based on the
above evidence, we speculate that MIR1I00HG mainly
functions via the regulation of EMT. MIR100HG overex-
pression appears to have proportionally greater effects on
inducing mesenchymal genes than suppressing epithelial
genes within the EMT program.

We cannot exclude that other Wnt target genes or sign-
aling pathways may also contribute to the acquisition of
drug resistance and metastatic capability. Notably, accu-
mulating evidence indicates that activation of EMT via
the Wnt signaling pathway is closely linked to cancer cells
adopting a cancer stem cell (CSC) state [2, 54, 55]. In the
present study, we did notice elevated expression of CD44,
a CSC-associated cell-surface marker, after MIR100HG
expression in CRC cells. Delving deeper into roles for
and mechanism(s) by which MIR100HG achieves a CSC
phenotype will be the focus of our future studies that
may reveal additional dimensions to EMT in driving CRC
progression.

m®A modifications play a pivotal role in controlling
RNA fate [33]. Recently, it was reported that TCF7L2
mRNA is rich in m®A modifications and that these altera-
tions can affect TCF7L2 expression [36]. Consistent with
this, we found that the m®A modification of TCF7L2
mRNA is indispensable for its stabilization and interac-
tion with hnRNPA2B1. Our results also support recent
evidence that hnRNPA2B1 acts as a m°®A reader and that
the recognition of m°A sites might be a general mecha-
nism mediating the binding between hnRNPA2B1 and
its target RNA transcripts [26, 27]. Considering that m°A
modifications are relevant to cancer development and
catalyzed predominately by the METTL3-METTL14
methyltransferase complex, a selective METTL3 inhibi-
tor has recently been developed and exhibits a signifi-
cant therapeutic effect in acute myeloid leukemia [56]. In
this study, we found that METTL3 interference dramati-
cally hindered the interaction between TCF7L2 mRNA
and hnRNPA2B1, thus leading to reduced TCF7L2
expression. Therefore, targeting METTL3 by small mol-
ecules may be a promising strategy to overcome TCF7L2
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augmented cetuximab resistance in CRC, a direction
which deserves further study.

Our findings have important therapeutic implica-
tions for targeting IncRNA MIR100HG in CRC patients.
Recent studies support that targeting specific oncogenic
IncRNAs by ASOs, like targeting TUGL1 in glioma [57]
or LINCO02273 in breast cancer [58], have significant
therapeutic value. Although challenging, it may be ben-
eficial to develop MIR100HG-targeting therapies to treat
cetuximab-resistant or metastatic CRC. More inter-
estingly, EMT also plays a pivotal role in tumor immu-
nosuppression and immune evasion, and the interplay
between EMT and PD-L1 signaling contributes to thera-
peutic resistance of immune checkpoint blockade (ICB)
[58, 59]. The use of nude mice excluded exploring the
immunological effects of cetuximab treatment, which is
a limitation of the current study. Therefore, combining
a targeting strategy for MIR100HG with ICB might be a
future treatment strategy to enhance patient responsive-
ness to immunotherapy in CRC.

Conclusions

Our results uncover a previously unidentified role for
MIR100HG in regulating EMT-related cetuximab resist-
ance and metastasis in CRC by forming a regulatory cir-
cuit involving hnRNPA2B1 and TCF7L2. MIR100HG
interacts with hnRNPA2B1 to mediate the stabilization of
TCF7L2 mRNA in a mGA-dependent manner. TCF7L2, in
turn, regulates MIR100HG transcription, closing the feed
forward regulatory loop that leads to the increased acti-
vation of Wnt signaling.
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