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Abstract

Objective and design Retinoblastoma is the most common primary intraocular malignancy of childhood, which brings
a heavy burden to the countries across the world, especially the developing countries. It has been shown that IncRNA
muscleblind-like 1 antisense RNA 1 (MBNL1-AS1) exerts anti-tumor effects in various cancers, including bladder cancer,
papillary thyroid cancer, and retinoblastoma. In the present study, we hypothesized that MBNL1-AS1 might play a protec-
tive role against retinoblastoma.

Methods The expression of MBNL1-AS1 and its potential target miR-338-5p were evaluated in retinoblastoma cell line
by real-time quantitative PCR and western blot. The involvement of MBNL1-AS1-miR-338-5p in the cell proliferation was
evaluated by cell counting kit-8 (CCKS8), and colony formation assay. The cell migration was evaluated by Transwell assay
in Y79 cells, a retinoblastoma cell line. The involvement of MBNL1-AS1-miR-338-5p in tumor formation was also evalu-
ated in mice.

Results It was found that MBNL1-AS1 overexpression inhibited proliferation and migration in Y79 cells. In addition, the
inhibitory effects of MBNL1-AS1 on Y79 cells were significantly reversed in the presence of miR-338-5p mimics, and
MBNL1-AS1 overexpression significantly decreased miR-338-5p level in Y79 cells. Furthermore, MBNL1-AS1 overexpres-
sion significantly inhibited Wnt/p-catenin signaling pathway, and this inhibitory effect was almost lost in the presence of
miR-338-5p mimics. Finally, our in vivo study showed that MBNL1-AS1 overexpression significantly inhibited Y79-induced
retinoblastoma in mice, and this inhibitory effect was lost in the presence of miR-338-5p mimics.

Conclusion Our study shows that MBNL1-AS1 exerts its anti-tumor effect by targeting miR-338-5p, thereby inactivating
wnt/p-catenin signaling pathway in retinoblastoma.
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Introduction accounts for 3% of all childhood cancers [2]. In clinical prac-

tice, the major treatment for retinoblastoma was eye removal,

Retinoblastoma is the most common intraocular malignant
neoplasm in children [1]. The incidence of retinoblastoma
is about 1 in 14,000-20,000 live births worldwide, and it
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and most retinoblastoma patients have poor prognosis due to
lack of early diagnosis and effective therapies, especially in
developing countries [2, 3]. Therefore, it is necessary for us
to investigate the molecular mechanisms of retinoblastoma
to develop new targets for the prevention and treatment of
retinoblastoma.

It has been demonstrated that long noncoding RNAs
(IncRNAs) play a crucial role in biological regulation and
the development of various cancers, including bladder can-
cer [4], papillary thyroid cancer [5], and retinoblastoma [6].
Among them, it has been reported that IncRNA muscleblind-
like 1 antisense RNA 1 (MBNL1-AS1) works as an anti-
tumor IncRNA in various cancers. For example, Wei et al.,
reported that MBNL1-AS1 was significantly downregulated

@ Springer


http://orcid.org/0000-0003-4377-2441
http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-020-01432-z&domain=pdf

218

L. Xu et al.

in bladder tumor tissues, and that MBNL1-AS1 worked as a
tumor suppressor since its knockdown increased the number
of living cells and bromodeoxyuridine positive cells in blad-
der cancer cells, accelerated cell cycle, and inhibited pro-
liferation regulators (Ki67, p21, p27 and cyclin D1) [7]. In
addition, Zhu et al., reported that the expression of MBNL1-
AS1 and MYL9 was decreased in colon cancer cells, and
that the enhancement of MBNL1-AS1 reduced the prolifera-
tion, migration and invasion of cancer stem cells (CSC), but
promoted apoptosis through inhibition of miR-412-3p and
stimulation of myosin light chain 9 (MYL9) [8]. Studies
have showed that MYLD9 is essential for the maintenance of
cytoskeletal dynamics, experimental metastasis, and tumor
cell migration. Moreover, its downregulation is a hallmark
for the decreased median survival rate in patients with colon
cancer [9]. Similarly, it was reported that low expression
of MBNL1-AS1 was observed in non-small cell lung can-
cer tissues, and that overexpression of MBNL1-ASI1 sig-
nificantly reduced the proliferation, migration and invasion
of CSC in non-small-cell lung carcinoma (NSCLC) [10].
However, the role of MBNL1-AS1 in the development of
retinoblastoma has not been studied. We performed Starbase
analysis and found that miR-338-5p is a potential target of
MBNL1-AS1. Importantly, it has been shown that serum
miR-338-5p may be a potential tumor marker of retinoblas-
toma, and that the combination of miR-338-5p and neuron-
specific enolase (NSE) can improve the early diagnosis rate
of retinoblastoma [11].

Increasing evidence has showed that Wnt/p-Catenin sig-
nal transduction is abnormally activated, which can promote
cell proliferation and tumor progression in various types of
human cancer including retinoblastoma [12-14]. For exam-
ple, Wu et al., reported that sclerostin siRNA significantly
increased the proliferation, invasion and migration of ret-
inoblastoma cells through increased expression of Wnt/f-
catenin signaling pathway [13].

Materials and methods
Cell culture and transfection

The human retinal pigment epithelium cell line ARPE-19,
and the human retinoblastoma cell lines Y79, WER1-RBI1,
and SO-RB were from the American Type Culture Collec-
tion (Manassas, VA). The culture was performed as pre-
viously described [15-17]. In brief, ARPE-19 cells were
cultured in a 1:1 mixture of Dulbecco’s modified Eagle’s
medium and Ham’s F-12 medium (Invitrogen, Carlsbad,
CA) containing 10% fetal bovine serum (FBS). Y79 cells
were cultured in RPMI 1640 medium (Invitrogen) contain-
ing 20% FBS. WER1-RBI cells were cultured in RPMI 1640
containing 10% FBS. SO-RB cells were cultured in DMEM
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containing 10% FBS. All of these four kinds of cells were
cultured at 37 °C in a humidified atmosphere of 5% CO,
and 95% O,. miR-338-5p mimics, inhibitor, the adenovirus
that overexpressed MBNL1-AS1 (Oe-MBNL1-AS1), and
the control (Oe-NC) were constructed by Hanbio company
(Shanghai, China). Cell transfection was performed accord-
ing to manufacturer’s instructions.

Real-time quantitative PCR

Total RNA was extracted with Trizol reagent (Invitrogen,
USA) following the manufacturer’s protocol, and quanti-
tative real-time PCR (RT-PCR) was performed using Pre-
mix Ex Taq DNA polymerase for real-time PCR (RR039B,
Takara). U6 and GAPDH were used as internal controls.

Cell proliferation assay

The viability of Y79 cells was evaluated with cell counting
kit-8 (CCKS8) assay (CCKS kit, Beyotime, Shanghai, China)
according to manufacturer’s instructions. In brief, cells were
seeded into 96-well plates (2 x 103cells/well), and incubated
at 37 °C and 5% CO, for 24 h. Then, the CCK8 solution was
added to fresh medium for 2 h at 37 °C. The absorbance
optical density was measured at 450 nm using the UV-Vis
SpectraMax 190 Microplate Reader and SoftMax Pro soft-
ware (Molecular Devices, Sunnyvale, CA).

Colony formation

Colony formation was performed as previously described
[18]. Y79 cells were seeded in 6-well plates at a density of
500 cells per well. After 10 days of incubation, cells were
immobilized with 4% paraformaldehyde for 20 min, and
stained with crystal violet for 30 min. The stained cell colo-
nies were counted.

Cell wound healing assay

Cell wound healing assays were performed as previously
described [19]. Briefly, the cell layers were wounded by a
sterile pipette tip at 75% confluence. After being washed
with PBS for several times to remove cell debris, the cells
were incubated in serum-free medium for 48 h. The cell that
had migrated into wound surface was considered as wound
healing. The wound healing was photographed, and the rate
of wound healing was calculated as [(the wound width of
0 h-48 h)/0 h wound width] x 100%.

Transwell migration and invasion experiments

Transwell assay was performed to evaluate cell migration
as previously described [19]. In brief, 1 x 10° cells were
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Fig.1 MBNLI1-ASI1 overexpression inhibited the proliferation of Y79
cells. a Summarized data showing the level of MBNL1-AS1 in differ-
ent retinoblastoma cell lines including ARPE-19, Y79, WERI-RBI,
and SO-RB cells in real-time qPCR assay. b Summarized data show-
ing the efficiency of MBNLI1-AS1 overexpression in Y79 cells. ¢

seeded in the upper chamber in each well (24-well, 8.0-pm
pore membranes, Corning USA) in 100 pL of serum-free
medium, and 600 pL of complete medium was added to
the lower chamber as a chemoattractant at the same time.
After incubation for 24 h at 37 °C, the cells at the upper
surface of the membrane were removed with cotton swabs,
and the cells on the lower surface of the membrane are
indicated as the migrated cells. After fixing with 4% para-
formaldehyde and stained with 0.1% crystal violet solu-
tion, the cells on the lower surface of the membrane were
counted.
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Summarized data showing the effect of MBNL1-AS1 overexpression
on the proliferation of Y79 cells in CCK8 assay. d Summarized data
showing the effect of MBNLI1-AS1 overexpression on clone forma-
tion in Y79 cells. ***P <0.001 vs. control group or ARPE-19 group;
###p <0.001 vs. Oe-NC group

Subcutaneous tumor formation

Subcutaneous tumor formation assay was performed as pre-
viously described [20, 21]. All the experimental operations
performed on all mice were approved by the Animal Experi-
ment Ethics Committee of The First Affiliated Hospital of
Gannan Medical University. Oe-MBNL1-AS1 and Oe-NC
were transfected into Y79 cells, and then the transfected Y79
cells were injected into nude mice to form subcutaneous
tumors. The body weight, tumor weight, and tumor volume
were evaluated each week. After 5 weeks treatment, tumors
were collected for taking pictures.
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Fig.2 MBNLI1-AS1 overexpression inhibited the migration of Y79
cells. a—b Summarized data showing the effect of MBNLI1-AS1 over-
expression on migration of Y79 cells in wound healing and transwell
assay. ¢ Representative western blot images and summarized data

Western blot

Western blotting was performed as described previously.
Extracted protein samples were boiled for 5 min in gel-
loading buffer. Each sample was separated via SDS—poly-
acrylamide gel electrophoresis (PAGE) and transferred to
PVDF membranes at 15 V for 1 h. After being blocked with
1% non-fat milk, the blots were allowed to block at room
temperature for 1 h and then incubated with specific primary
antibodies overnight at 4 °C overnight, including MMP?2,
MMP9, Ki67, PCNA, Wnt4, TCF4, active p-catenin, and-
total p-catenin. Then, membranes were incubated with
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showing the effect of MBNL1-AS1 overexpression on MMP2 and
MMP9 protein level in Y79 cells. ***P<(0.001 vs. control group;
##p <0.001 vs. Oe-NC group

HRP-conjugated secondary antibody at room temperature
for 1 h. Signals were detected using enhanced chemilumines-
cence according to the manufacturer’s instructions.

Luciferase assay

Luciferase reporter assay was performed as previously
described [22]. Briefly, a 3'UTR segment of miR-338-5p was
amplified and validated prior to transfection in Y79 cells.
Then, cells were transfected with pSI-Check2-MBNL1-AS1
wild type or pSI-Check2-MBNL1-AS1 mutant. After 48 h
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Fig.3 MBNLI1-AS1 overexpression in Y79 cells inhibited the devel-
opment of Y79-induced retinoblastoma in vivo. a—d Summarized
data showing the effect of MBNLI1-AS1 overexpression on Y79-
induced retinoblastoma. e Representative western blot images and

treatment, cell lysates were prepared for luciferase activity
measurement.

Statistical analysis

The data in the study were presented as the mean + stand-
ard deviation (SD). The analysis was performed by one-way
analysis of variance (ANOVA) with Tukey’s multiple com-
parison test or unpaired two-tailed Student’s ¢ test. The dif-
ferences were considered significant when P <0.05.

summarized data showing the effect of MBNL1-AS1 overexpression
on Ki-67, PCAN, MMP2 and MMP9 protein level in Y79-induced
retinoblastoma. **P <0.01, ***P <(0.001 vs. Oe-NC group

Results

Expression of MBNL1-AS1 in different
retinoblastoma cell lines

First, we compared the expression of IncRNA MBNL1-AS1
in different retinoblastoma cell lines. As shown in Fig. la,
the levels of MBNL1-AS1 in the four kinds of retinoblas-
toma cell lines were significantly lower than that in normal
cells. Notably, the level of MBNL1-AS1 in Y79 cell line
was significantly lower compared with that in ARPE-19,
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Fig.4 MBNLI1-AS1 inhibited the development of Y79-induced ret-
inoblastoma through downregulation of miR-338-5p. a miR-338-5p
was significantly increased in human retinoblastoma cells. b—¢ Sum-
marized data showing that MBNL1-AS1 overexpression decreased
luciferase activity in luciferase activity assay, and the inhibitory effect
was lost in mutant MBNL1-AS1. d Summarized data showing that
MBNLI-AS1 overexpression decreased miR-338-5p level. e Sum-
marized data showing the efficiency of miR-338-5p overexpression

WERI1-RB1, and SO-RB cells. Therefore, Y79 cells were
chosen in the following experiments.

MBNL1-AS1 overexpression inhibited proliferation
of Y79 cells

Next, we evaluated the involvement of MBNL1-AS1 in the
proliferation of Y79 cells. As shown in Fig. 1b, MBNL1-
AS1 overexpression significantly increased MBNL1-AS1
level, indicating the high efficiency of MBNL1-AS1 over-
expression. Figure 1c showed that MBNL1-AS1 over-
expression significantly inhibited proliferation in CCK8
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in real-time PCR assay. f Summarized data showing that miR-338-5p
overexpression prevented the inhibitory effect of MBNLI1-AS1 on the
proliferation of Y79 cells in CCK8 assay. g Summarized data show-
ing that miR-338-5p overexpression prevented the inhibitory effect
of MBNL1-AS1 overexpression on the clone formation in Y79 cells.
##%4P <0.001 vs. control group or ARPE-19 group; ##P <0.001 vs.
Oe-NC group or mimic-NC or Oe-MBNLI1-AS1 +mimic-NC

assay. Similarly, MBNL1-AS1 overexpression significantly
decreased clone formation (Fig. 1d). These results suggested
that MBNL1-AS1 could regulate the proliferation of Y79
cells.

MBNL1-AS1 overexpression inhibited migration
and invasion of Y79 cells

Next, we evaluated the involvement of MBNL1-AS1 in
migration of Y79 cells. As shown in Fig. 2a, b, MBNL1-
AS1 overexpression significantly inhibited migration and
invasion of Y79 cells in wound healing and Transwell assay.
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Fig.5 miR-338-5p prevented the inhibitory effect of MBNLI1-AS1
overexpression on migration of Y79 cells. a—b Summarized data
showing that miR-338-5p overexpression prevented the inhibitory
effect of MBNL1-AS1 overexpression on the migration of Y79 cells
in wound healing and transwell assay. ¢ Western blot showing that

The involvement of migration-related proteinase including
MMP2 and MMP9 was evaluated. As shown in Fig. 2d,
MBNLI1-AS1 overexpression significantly decreased the
mRNA and protein levels of MMP2 and MMP9 in Y79 cells.
These results suggested that MBNL1-AS1 could regulate
migration and invasion in Y79 cells.
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miR-339-5p prevented the inhibitory effect of MBNLI1-AS1 overex-
pression on MMP2 and MMP?9 protein level in Y79 cells. *P <0.05,
#¥P<0.01 and ***P<0.001 vs. control group; *P<0.01 and
###P <0.001 vs. Oe-MBNL1-AS1 4+ mimic-NC group

MBNL1-AS1 overexpression in Y79 cells inhibited
the development of Y79-induced retinoblastoma
in vivo

We then evaluated whether MBNL1-AS1 overexpression
could suppress the progression of retinoblastoma in vivo.
As shown in Fig. 3a—d, MBNL1-AS1 overexpression sig-
nificantly decreased body weight, and the size and weight of
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«Fig.6 MBNLI1-AS1 overexpression inhibited wnt/p-catenin signaling
pathway through downregulation of miR-338-5p. a Representative
western blot images and summarized data showing that miR-338-5p
prevented the inhibitory effect of MBNLI-AS1 on wnt/p-catenin
signaling pathway. b—e Summarized data showing that miR-338-5p
overexpression prevented the inhibitory effect of the effect of
MBNL1-AS1 overexpression on Y79-induced retinoblastoma in vivo.
*P<0.05, ¥**P<0.01 and ***P <0.001 vs. control group; *P<0.05,
#pP <0.01 and ¥ P <0.001 vs. Oe-MBNL1-AS1+mimic-NC group

retinoblastoma. Figure 3e showed that MBNL1-AS1 over-
expression significantly decreased Ki-67 and PCAN protein
levels in Y79-induced retinoblastoma. Similarly, MBNL1-AS1
overexpression significantly decreased MMP2 and MMP9
protein levels in Y79-induced retinoblastoma (Fig. 3e). These
results suggested that LncRNA MBNL1-AS1 overexpression
in Y79 cells inhibited the development of Y79-induced ret-
inoblastoma in vivo.

MBNL1-AS1 inhibited the development
of Y79-induced retinoblastoma
through downregulation of miR-338-5p

We then evaluated the potential target of MBNL1-AS1. As
shown in Fig. 4a, miR-338-5p was significantly increased
in human retinoblastoma cells. The relationship between
MBNLI1-AS1 and miR-338-5p was also evaluated using
luciferase assay. As shown in Fig. 4b—d, MBNLI1-ASI sig-
nificantly decreased miR-338-5p. These results suggested
that LncRNA MBNL1-ASI inhibited the development of
Y79-induced retinoblastoma through downregulation of
miR-338-5p.

miR-338-5p prevented the inhibitory effect
of MBNL1-AS1 overexpression on proliferation
and migration of Y79 cells

We then evaluated whether MBNL1-AS1 exerted its inhibi-
tory effects through inhibition of miR-338-5p. As shown in
Fig. 4e, miR-338-5p overexpression significantly increased
miR-338-5p level. Functionally, miR-338-5p overexpression
effectively prevented the inhibitory effect of MBNL1-AS1 on
proliferation in CCK8 assay and clone formation (Fig. 4f, g).
As expected, miR-338-5p overexpression prevented the inhibi-
tory effect of MBNL1-AS1 overexpression on migration of
Y79 cells in wound healing and Transwell assay (Fig. 5a, b).
Furthermore, miR-339-5p mimics prevented the inhibitory
effect of MBNL1-AS1 overexpression on MMP2 and MMP9
mRNA and protein levels in Y79 cells (Fig. 5d). These results
suggested that miR-338-5p prevented the inhibitory effect of
MBNLI1-AS1 overexpression on proliferation and migration
of Y79 cells.

MBNL1-AS1 overexpression inhibited wnt/B-catenin
signaling pathway through downregulation
of miR-338-5p

Next, we aimed to investigate the mechanisms in the
MBNL1-AS1-miR-338-5p signaling pathway. As shown
in Fig. 6a, MBNL1-AS1 overexpression inhibited Wnt/f-
catenin signaling pathway. In the presence of miR-338-5p
mimics, however, the inhibitory effect of MBNL1-AS1
was reduced. These results suggested that MBNL1-AS|1
overexpression inhibited Wnt/p-catenin signaling pathway
through downregulation of miR-338-5p.

miR-338-5p overexpression prevented

the inhibitory effect of MBNL1-AS1

on the development of Y79-induced retinoblastoma
in vivo

Finally, we investigated whether miR-338-5p overexpression
could prevent the inhibitory effect of MBNL1-AS1 overex-
pression on Y79-induced retinoblastoma in vivo. As shown
in Fig. 6b—e, miR-338-5p overexpression prevented the
inhibitory effect of MBNLI1-AS1 overexpression on Y79-
induced retinoblastoma. Consistently, Fig. 7a, b show that
miR-338-5p overexpression prevented the inhibitory effects
of MBNL1-AS1 overexpression on Ki-67, PCAN and Wnt/
f-catenin signaling pathway protein levels in Y79-induced
retinoblastoma, indicating that MBNL1-AS1 inhibited the
development of Y79-induced retinoblastoma through target-
ing miR-338-5p in vivo.

Discussion

First, we evaluated the expression of MBNL1-AS1 in four
retinoblastoma cell lines, including ARPE-19, WER1-RB1,
SO-RB and Y79 cells. We found that the expression of
MBNLI1-AS1 was low in all of these four cell lines. Among
them, Y79 cells showed the lowest expression of MBNLI-
AS1. Then Y79 cells were chosen for further experiments.
This finding was consistent with a previous study, which
showed that MBNL1-AS1 was significantly downregulated
in bladder tumor tissues, and that MBNL1-AS1 worked as a
tumor suppressor [7]. Therefore, MBNL1-AS1 may have a
protective role against retinoblastoma.

Functionally, we found that MBNL1-AS1 overexpres-
sion significantly inhibited the proliferation and migration
of Y79 cells. Furthermore, our in vivo study showed that
MBNL1-AS1 overexpression significantly inhibited Y79
cells-induced retinoblastoma. This finding was consistent
with previous studies, which showed that MBNL1-AS1
exerted anti-tumor effects in various tumor cells, such as
bladder cancer [7], colon cancer [8], and lung cancer [10].
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Fig.7 miR-338-5p overexpression prevented the inhibitory effect of
the effect of MBNL1-AS1 overexpression on wnt/B-catenin signal-
ing pathway. a Representative western blot images (upper panel) and
summarized data (lower panel) showing that miR-338-5p overexpres-
sion prevented the inhibitory effect of MBNL1-AS1 overexpression
on Ki-67 and PCAN protein levels in Y79-induced retinoblastoma.

Therefore, these studies suggested that MBNL1-AS1 has an
anti-tumor effect in various tumor types.

Notably, we found that MBNL1-AS1 showed strong anti-
tumor effects through binding to and degrading miR-338-5p.
For example, Zhu et al., reported that MBNL1-AS1 could
target miR-412-3p, thereby promoting the expression of
MYLO [8]. Similarly, it was reported that low expression
of MBNL1-AS1 was observed in non-small cell lung can-
cer tissues, and that overexpression of MBNL1-AS1 sig-
nificantly reduced the proliferation, migration and invasion
of CSC in non-small-cell lung carcinoma (NSCLC) [10].
Therefore, MBNL1-AS1 may exert its anti-tumor effect
through distinct miRNAs in different tumors. The present
finding that MBNL1-AS1 could target miR-338-5p and exert
its anti-tumor effects may provide an important molecular
mechanism in retinoblastoma.

Finally, we evaluated the downstream effector of miR-
338-5p and found that miR-338-5p promoted the develop-
ment of retinoblastoma through activating Wnt/p-catenin
signaling pathway. This was consistent with a previous
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b Representative western blot images (upper panel) and summa-
rized data (lower panel) showing that miR-338-5p overexpression
prevented the inhibitory effect of the effect of MBNL1-AS1 overex-
pression on wnt/B-catenin signaling pathway in Y79-induced retino-
blastoma. *P <0.05, **P<0.01 and ***P<0.001 vs. control group;
#P<0.05 and P <0.01 vs. Oe-MBNL1-AS1+mimic-NC group

study, which showed that serum miR-338-5p may be a
potential tumor marker of retinoblastoma, and that the com-
bination of miR-338-5p and NSE can improve the early diag-
nosis rate of retinoblastoma [11]. In contrast, Song et al.
reported that miR-338 inhibited epithelial-mesenchymal
transition (EMT) of gastric cancer cells through deactiva-
tion of Wnt/p-catenin signaling pathway [23]. Another study
showed that miR-338-3p could inhibit angiogenesis by tar-
geting metastasis associated in colon cancer 1 (MACC1),
p-catenin and vascular endothelial growth factor (VEGF)
in hepatocellular carcinoma [24]. These results suggested
miR-338 may have a protective or detrimental role in differ-
ent cancers. Of note, we provided the detailed mechanism
that MBNL1-AS1 exerted anti-tumor effects by regulation of
miR-338-5p/Wnt/B-catenin signaling pathway. Considering
the decreased expression of MBNL1-AS in retinoblastoma
and increased expression of miR-338-5p, this signaling path-
way may play a critical role in the initiation and progression
of retinoblastoma.

However, due to the limitation of time and funds, we have
only observed that MBNL1-AS1 regulates cell proliferation,
migration and invasion in Y79 cells and mice via inacti-
vating the wnt/B-catenin signaling. Further research on the
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clinical samples and other signaling pathways is needed to
confirm and support the findings in our study.

Conclusion

In summary, the present study showed that MBNL1-AS1
exerts anti-tumor activity by targeting miR-338-5p, thereby
decreasing Wnt/B-catenin signaling pathway. This novel
finding may provide a new pharmacological target for the
prevention and treatment of retinoblastoma.
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