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Abstract. — OBJECTIVE: The aim of this
study was to investigate the roles of MT1JP and
B-catenin in retinoblastoma.

PATIENTS AND METHODS: We performed
quantitative Reverse Transcriptase-Polymerase
Chain Reaction (qRT-PCR) to quantify the ex-
pressions of MT1JP and B-catenin in 44 retino-
blastoma tissues and matched non-tumor tis-
sues. What’s more, retinoblastoma cell lines
were transfected with pcDNA3.1-MT1JP, after
which proliferation, cell cycle, apoptosis, and
expression of B-catenin as well as its down-
stream targets were assayed. We also conduct-
ed TOP-Flash reporter assay to explore the ac-
tivity of Wnt/B-catenin signaling pathway.

RESULTS: The results revealed that MT1JP
was down-regulated, while B-catenin was highly
expressed in retinoblastoma cells. Meanwhile,
the forced expression of MT1JP impaired the ex-
pression of the B-catenin protein and its down-
stream targets such as cyclin D1, c-myc.

CONCLUSIONS: We demonstrated that MT-
1JP was a tumor suppressor by negatively mod-
ulating the activity of the Wnt/B-catenin signal-
ing pathway in the development of retinoblasto-
ma and might function as a prognostic biomark-
er and therapeutic target.
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Introduction

Retinoblastoma (RB) is a relatively peculiar
malignant tumor in childhood'. As the common-
est pediatric intraocular malignant cancer, the
mortality rate of RB reached 50%-70% in under-
developed countries*®. Children suffering from
RB are facing various threats including RB cell

invasion, malignant transformation of intracra-
nial neuroblastoma, hetero chronogenous tumor,
and so on”. In spite of the rapid development of
RB treatment recently, the survival rate remains
very low mainly because of the early diagnostic
limitations of the disease®. The traditional thera-
pies for RB, such as external beam radiotherapy,
or chemotherapy, have side effects, including
infections, blindness, etc®’. Therefore, in order to
avoid the side effects above, it is urgent to study
the biological functions and molecular mecha-
nisms of RB.

LncRNAs are a class of RNA transcripts with-
out protein-coding abilities and with the length of
more than 200 nucleotides®. It is well-known that
IncRNAs play crucial roles in a variety of biolog-
ical function processes, such as cellular differen-
tiation, growth, and apoptosis®''. Many IncRNAs
are abnormally expressed in breast cancer'?, lung
cancer?, and esophageal carcinoma'. LncRNAs
are also ectopically expressed in different tumors
and exert critical functions in cancer biology'>'®.
MT1JP, a kind of IncRNA, seems to play a cru-
cial role in RB progression. Quantitative Reverse
Transcriptase-Polymerase Chain Reaction (qQRT-
PCR) analysis was used to detect the expression
of MT1JP, finding that MT1JP had a lower ex-
pression level in RB tissues and cell lines than in
the corresponding normal ones.

B-catenin is an important factor in the car-
cinogenesis of many cancers. For instance, the
over-expression of Wnt/B-catenin pathway mem-
ber is a common CRC feature'’; highly expressed
long non-coding RNA NNT-ASI1 promotes cell
proliferation and invasion through Wnt/B-catenin
signaling pathway in cervical cancer'®; IncRNA
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PTCSC3/miR-574-5p governs cell proliferation
and migration of papillary thyroid carcinoma
via Wnt/B-catenin signaling'’; long noncoding
RNA CRNDE activates Wnt/B-catenin signaling
pathway through acting as a molecular sponge of
microRNA-136 in human breast cancer?.

This study aimed to investigate the molecular
mechanism of MT1JP, through which MT1JP
modulated the progress of RB cells, and the
possible reciprocal relationship between MT1JP
and B-catenin signaling. We also explored the
effects of MTI1JP overexpression on the down-
stream targets of Wnt/B-catenin pathway includ-
ing cyclin DI and c-Myec. Our data disclosed that
the up-regulation of IncRNA MT1JP inhibited
the malignant growth and invasion of RB cells
through interdicting Wnt/B-catenin signaling
pathway.

Patients and Methods

Tissue Samples

Forty-four retinoblastoma tissues and matched
non-tumor tissues were gathered from patients
having suffered from enucleation in the Second

Affiliated Hospital, Mudanjiang College of Med-
icine, Mudanjiang, China. No patients had un-
dergone chemotherapy or radiotherapy before the
surgical resection. This study was approved by
the Ethical Committee of the Second Affiliated
Hospital, Mudanjiang College of Medicine. Each
patient was provided with written informed con-
sents. Whole surgical specimens were verified
by pathologists and then stored in —80°C till the
moment of being used. The traits of patients are
shown in Table I.

Cell Culture

Human retinoblastoma cell lines Weri-Rbl and
Y79 were purchased from the Institute of Bio-
chemistry and Cell Biology at the Chinese Acad-
emy of Sciences (Shanghai, China). Cell lines
were cultured in Roswell Park Memorial Institute
1640 (RPMI-1640) medium (Gibco, Rockville,
MD, USA) with 10% of fetal bovine serum (FBS,
Gibco, Rockville, MD, USA) at 37°C in a humid-
ified incubator with 5% of CO,.

Cell Transfection
Cells were transfected with a pcDNA3.1 vector
for MT1JP and siRNA for MT1JP respectively

Table I. Correlation between MT1JP expression and clinical features (n = 44).

MT1JP expression
Variable Low High p-value
Age 0.563
>2.5 12 11
<25 9 12
Gender 0.763
Male 11 10
Female 10 13
Laterality 0.547
Unilateral 12 10
Bilateral 9 13
Differentiation
0.563
Well and moderately 9 12
Poor and undifferentiated 12 11
IIRC stage
0.033*
Early stage (A, B, C) 14 7
Advanced stage (D, E) 7 16
Optic Nerve Invasion 0.019*
Negative 15 8
Positive 6 15
Nodal or distant metastasis 0.006*
Negative 15 6
Positive 6 17

Low/high by the sample median. Pearson y*-test. p < 0.05 was considered statistically significant.
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by using Lipofectamine 2000 (Invitrogen, CA,
Carlsbad, USA) on the basis of the manufactur-
er’s guidelines. At 48 h after transfection, cells
were reaped for the following experiments in-
cluding quantitative Reverse Transcriptase-Poly-
merase Chain Reaction (QRT-PCR), Western blot,
proliferation assays, and Flow Cytometry. RNA
oligonucleotides were purchased from GenePhar-
ma (Shanghai, China).

RNA Extraction, and qRT-PCR

All RNAs were isolated by using the TRIzol
reagent (TaKaRa, Otsu, Shiga, Japan), followed
by the reverse transcription into cDNA by means
of the One Step PrimeScript Kit (TaKaRa, Otsu,
Shiga, Japan), in accordance with the manufac-
turer’s instructions. Then, qRT-PCR was applied
to quantify the expression of MT1JP with the
SYBRP remix Ex Taq kit (TaKaRa, Otsu, Shiga,
Japan) on CFX96 Real-Time PCR Detection Sys-
tem (Bio-Rad, Hercules, CA, USA). The relative
expression was evaluated by using the compara-
tive cycle threshold method (2-44¢T), and glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
was served as an internal normalized reference.
The primers for MT1JP and GAPDH were con-
structed by Generay Biotech (Shanghai, China),
which were listed as the following: MT1JP-F:
5>-GGGACTCCTTTACTTCCTTGG-3’ and
MT1JP-R: 5’-CCTTGAGCCTCAGTATCCT-
TAAC-3’; GAPDH-F: 5-TGCCATCAATGAC-
CCCTTC-3* and GAPDH-R: 5-CATCGC-
CCCACTTGATTTTG-3’;

Western Blot Analysis

Phosphate-buffered saline (PBS) was used to
wash transfected cells for twice, followed by the
lysis in radioimmunoprecipitation assay (RIPA)
lysis buffer (Thermo Scientific, Waltham, MA,
USA) with a protease inhibitor cocktail (Roche,
Basel, Switzerland) for 30 min on ice. Then,
an equal quantity of protein (50 pg) was split
by 10% of sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), followed
by the transfer onto a polyvinylidene difluoride
(PVDF) membrane (Roche, Basel, Switzerland)
by electro-blotting. Membranes were blocked for
1 h in Tris-buffered saline and Tween (TBS-T)
buffer with 5% of skim milk in room tempera-
ture, followed by the cultivation with primary
antibodies against -catenin and B-actin (1:1000,
Cell Signaling Technology, Danvers, MA, USA)
overnight at 4°C. Subsequently, they were washed
and cultivated for 2 h with HRP Goat-anti-Rab-
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bit antibody (1:2000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Protein signals were de-
tected with enhanced chemiluminescence reagent
(ECL, Thermo Scientific, Waltham, MA, USA)
based on the manufacturer’s instructions.

Proliferation Assays

Cell viability was detected with Cell Prolif-
eration Reagent Kit I (MTT) (Roche Applied
Science). pcDNA-MT1JP-transfected Weri-Rbl
and Y79cells (3,000/well) were allowed to grow
in 96-well plates. Cell viability was documented
every 24 h in accordance with the manufacturer’s
suggestions. All experiments were carried out in
triplicate. For the colony formation assay, 500
cells were put in a fresh six-well plate and kept
in media complemented with 10% of FBS, taking
the place of the medium every 4 days. After 14
days, cells were fixed with methanol, followed by
the staining of 0.1% of crystal violet (Sigma-Al-
drich, St. Louis, MO, USA). Visible colonies were
manually calculated. For each group cells were
examined in triplicate.

Transwell Assays

For the transwell assays, after 48 h of post-trans-
fection, 5 x 10* (migration) or 1 x 10° (invasion)
cells in serum-free media were placed into the
upper part of an insert (8-pm pore size; Millipore,
Billerica, MA, USA). Medium with 10% of FBS
was added to the lower part. After incubation for
24 h, the cells remaining on the upper part were
removed with cotton wool, while the cells having
migrated or invaded through the membrane were
stained with methanol and 0.1% of crystal violet,
imaged, and counted using an [X71 inverted mi-
croscope (Olympus, Tokyo, Japan). Experiments
were independently repeated three times.

Cell Cycle Assay

Transfected Weri-Rbl and Y79 cells were cul-
tivated in six-well plates. For cell cycle assay, the
cells were reaped and fixed in 70% of ethanol at
-20°C overnight. Fixed cells were washed with
PBS and incubated in 400 pL. PBS, 50 pL RNase
(I mg/mL) and 10 pL propidium iodide (PI) (2
mg/mL, Keygen Biotechnology, Nanjing, China)
for 30 min at room temperature, followed by flow
cytometry analysis (FACScan). The experiments
were carried out in triplicate.

Apoptosis Assay
Cells transfected with pcDNA-MTI1JP for 48
h were resuspended at a concentration of 1 X
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10° cells/mL. After double staining with 5 pL
of propidium iodide (PI) and 5 pL of Annex-
in V-FITC (fluorescein isothiocyanate) from the
FITC-AnnexinV Apoptosis Detection Kit (BD
Biosciences, San Diego, CA, USA), cells were an-
alyzed with a BD FACS Calibur™ flow cytometer
within 1 h. Data were analyzed with FlowJo (Tree
Star, San Carlos, CA, USA).

Wnt/3-Actin Activity Luciferase Assay

Cells were seeded in 24-well plates and
cotransfected with the TOP/FOP Flash expression
plasmids (Biovector, Richmond, Canada) and Re-
nilla TK-luciferase vector (Promega, Madison,
WI, USA) as a control. 48 h after transfection, the
cells were harvested and lysed for the luciferase
assay.

Statistical Analysis

Data were statistically analyzed by using Sta-
tistical Product and Service Solutions (SPSS)
13.0 software (SPSS Inc., Chicago, IL, USA). All
experiments were repeated in triplicate, and data
were exhibited as mean+=SEM. Differences were
assessed by two-tailed Student’s t-test, and p <
0.05 was considered statistically significant.

Results

MTTJP is Down-Regulated in
RB Tissues and Cell Lines

To determine the biological functions of MT-
1JP, we performed qRT-PCR to detect the ex-

pression of MT1JP in RB tissues. As shown in
Figure 1A, the expression of MT1JP was lower
in RB tissues than that in the paired adjacent
normal tissues. Besides, the expression of MT-
1JP in RB cell lines (WERI-Rb1, Y79) was also
much more down-regulated than that in healthy
ones (ARPE-19, HRMEC), indicating that MT-
1JP might function as a tumor suppressor in RB
development (Figure 1B).

Low Expression of MT1JP is Related to
Poor Prognosis in Patients With RB

Kaplan-Meier method analysis (log-rank test)
was conducted to figure out the relationship be-
tween MT1JP expression and overall survival in
patients with RB. Patients with low expression
of MT1JP suffered from poorer overall survival
than those with high expression of MT1JP (Fig-
ure 2). Additionally, the expression of MT1JP
was found to be associated with IIRC stage, optic
nerve invasion, and nodal or distant metastasis
(Table I). Proportional hazards method analysis
exposed that down-regulated MT1JP could be
explored as an independent prognostic factor,
in addition to laterality (Table II). These results
demonstrated that MT1JP played a key role in RB
growth and might be considered to be a specific
biomarker for RB prognosis.

Up-Regulated MT1JP Suppresses the
Proliferation of RB Cells Via Inducing
Cell Cycle and Apoptosis Variations

To better comprehend the effect of MT1JP on
RB development, the expression of MT1JP was
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Figure 1. MT1JP is down-regulated in RB tissues and cell lines. 4, The expression of MT1JP in RB tissues and in the
adjacent normal tissues. B, The expression of MT1JP in two RB cell lines (WERI-Rb1, Y79) and in two normal RB cell
lines (ARPE-19, HRMEC). Error bars represented the mean+SD of at least three independent experiments. **p < 0.01 vs.

control group.
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Figure 2. Kaplan-Meier method analysis (log-rank test)
was carried out to detect the relationship between MT1JP
expression level and overall survival in patients with RB (p
=0.002).

improved. As illustrated in Figure 3A, WERI-
Rbl and Y79 cells were transfected with pcD-
NA-MTI1JP, followed by qRT-PCR analysis after
48h of transfection. To assess the biological effect
of MTIJP on RB, we performed MTT assay to
explore the effect of up-regulated MT1JP on cell
proliferation. It was proved in Figure 3B that cell
viability was distinctly decreased in pcDNA-MT-
1JP-transfected WERI-Rb1 and Y79 cells. Sim-

ilarly, the colony-formation assays showed that
clonogenic survival rate was impaired after MT-
1JP was over-expressed in WERI-Rbl and Y79
cells compared with that in the negative control
(Figure 3C). To further confirm the repressive
function of over-expressed MT1JP on RB prog-
ress, flow cytometry analysis of cell cycle was
performed, suggesting that enhanced MT1JP in-
creased cell proportion in GO/G1 phase and de-
creased that in S phase compared with that in the
negative control (Figure 3D). Next, we examined
the effect of MT1JP expression on the apoptosis
changes. RB cells were transiently transfected
with pcDNA-MT1JP for 48 h, and then were
stained with Annexin V/Pl. Compared to the
negative control, the data presented an increased
number of Annexin V+ (total apoptosis), Annex-
in V+/PI- (early apoptosis), and Annexin V+/PI+
(late apoptosis) cells after the enrichment of MT-
1JP (Figure 3E). The results revealed that MT1JP
could inhibit the proliferation of RB cells through
influencing the cell cycle and apoptosis.

Up-Regulated MTI1JP Represses Cell
Migration and Invasion Via Triggering
EMT Alteration

Transwell assays were applied to define the
effect of MT1JP expression on cell migration
and invasion, exposing that up-regulated MT1JP
reduced the migratory and invasive abilities of
WERI-Rb1 and Y79 cells in comparison with the
negative control (Figure 4A-B). To make sure the
mechanism how MTLUJP caused cell migration

Table IlI. Multivariate analysis of prognostic parameters in patients with MT1JP by Cox regression analysis.

Variable Category p-value

Age >2.5 0.510
<25

Gender Male 0.286
Female

Laterality Unilateral 0.039*
Bilateral

Differentiation Well and moderately 0.182
Poor and undifferentiated

IIRC stage Early stage (A, B,C) 0.632
Advanced stage (D, E)

Optic nerve invasion Negative 0.854
Positive

Nodal or distant metastasis Negative 0.346
Positive

MTI1JP Low 0.008*
High

Proportional hazards method analysis showed a positive, independent prognostic importance ofMT1JPexpression (p = 0.006).

*p < 0.05 was considered statistically significant.
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Figure 3. Up-regulation of MT1JP suppresses the proliferation of RB cells via variations in cell cycle and apoptosis. 4, qRT-
PCR analyzed the expression of MT1JP transfected with pcDNA-MTIJP in two RB cell lines (WERI-Rb1, Y79). B, MTT
assay investigated the effect of the overexpression of MT1JP on RB cells proliferation. C, The colony-formation assay detected
the clonogenic survival in RB cells transfected with pcDNA-MT1JP. D-E, Flow cytometry analysis of cell cycle and apoptosis
demonstrated the effect of overexpression of MT1JP on RB cells cycle and apoptosis. Error bars represented the mean+SD of
at least three independent experiments. *p < 0.05, **p < 0.01 vs. control group.

and invasion changes, Western blot assays were
carried out to determine the expression changes
of EMT-related proteins after the transfection
of pcDNA-MTI1JP. As exhibited in Figure 4C,
E-cadherin was markedly up-regulated while
N-cadherin was greatly down-regulated after the
improvement of MT1JP, compared to the negative
control. These findings explained that MT1JP ac-
celerated cell migration and invasion via causing
EMT phynotype changes.

MTTJP is Negatively Associated With
p-Catenin in RB

B-catenin had been widely reported to in-
volve in tumorigenesis with different genes. To

determine whether MT1JP could also interact
with B-catenin in RB, we firstly detect the ex-
pression of B-catenin in RB tissues. It turned
out that B-catenin was more highly expressed
in RB tissues than in healthy ones (Figure 5A).
Considering the expression of MT1JP in RB, we
hypothesized that MT1JP was negatively cor-
related with B-catenin, further proved by Spear-
man’s Correlation analysis (Figure 5B). qRT-
PCR was designed to definitely determine the
reverse relationship between such two factors.
Obviously, transfection with pcDNA-MT1JP en-
hanced the expression of MT1JP, but decreased
the expression of B-catenin (Figure 5C). On the
contrary, the over-expression of MT1JP yielded
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Figure 4. Up-regulation of MT1JP blocks the metastasis and EMT progress. A-B, Transwell assays confirmed the repressive
functions of up-regulation of MT1JP on the migration and invasion of RB cells. C, Western blot assays indicated the effect
of overexpression of MT1JP on EMT transformation. Error bars represented the mean + SD of at least three independent

experiments. **p < 0.01 vs. control group.

the opposite results (Figure 5D). Such data indi-
cated the negative correlation between MT1JP
and B-catenin.

MTIJP Suppresses the Malignancy of
Retinoblastoma Through Regulating
Wnt/p-Catenin Pathway

To explore the molecular mechanisms by
which MT1JP attenuated the growth of RB cell
lines, we firstly examined the effect of MT1JP
on the luciferase activity of B-catenin. It was dis-
closed that the up-regulation of MT1JP decreased
the luciferase activity of f-catenin, implying the
interaction of MT1JP with -catenin (Figure 6A).
Subsequently, Western blot was applied to further
demonstrate the interaction between MT1JP and
B-catenin pathway. It was shown that enriched
MT1JP attenuated the protein levels of the down-
stream targets of B-catenin including Cyclin D1
and c-Myc, while impaired MT1JP exerted the
opposite results (Figure 6B-6C). These findings
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suggested that MT1JP suppressed the tumorigen-
esis of RB via regulating Wnt/B-catenin signaling
pathway.

Discussion

An accumulating number of long non-cod-
ing RNAs have been discovered with the
advances in the next-generation sequencing
technology?'. The expression of MALATI, a
type of IncRNA, is deregulated in a variety
of cancers?'. For example, MALAT1 was first
found to be highly expressed in hepatoblasto-
ma compared to hepatocellular carcinomas??.
Soon after, it was reported*-¢ that MALATI1
was also up-regulated in colon, breast, pros-
tate, and non-small cell lung cancers. In this
study, we discovered that IncRNA MTI1JP
seemed to play a critical role in repressing
tumors. Our results verified that MT1JP was
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Figure 5. MT1JP is negatively associated with B-catenin in RB. 4, The expression of f-catenin in RB tissues and normal
tissues based on qRT-PCR. B, Spearman’s correlation analysis determined the association of MT1JP with B-catenin. C-D,
qRT-PCR determined the effect of MT1JP transfection on the expression of B-catenin. Error bars represented the mean+SD of
at least three independent experiments. **p < 0.01 vs. control group.

quite low-expressed in tumor tissues and cell
lines than in adjacent normal ones. In addi-
tion, the over-expression of MT1JP markedly
hindered the proliferation, metastasis, inva-

sion, as well as the EMT progression of RB
cells. Furthermore, the up-regulation of MT-
1JP induced cell cycle arrest in GO/G1 phase
and increased cell apoptosis.
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the interaction between MT1JP and B-catenin. B-C, Western blot was applied to detect the effect of MT1JP transfection on
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experiments. *p < 0.05 vs. control group.

It is well-known that Wnt/B-catenin signaling
can regulate a series of cellular processes, includ-
ing proliferation, invasion, and metastasis'. 3-cat-
enin can regulate the ability of multifunctional
B-catenin protein, which is a pivotal signaling
molecule in the Wnt/B-catenin signaling path-
way?’. Moreover, Wnt/B-catenin signaling activ-
ity has been exhibited to be referred to multiple
human cancers including the regulation of cancer
stem cells in retinoblastoma®*?!. It has been re-
lated that the repression of the Wnt/B-catenin
signaling contributes to inhibit retinoblastoma
cell proliferation®>. And Wnt/B-catenin is also
a molecular pathway which transfers inhibitive
signals to Y79 cells from indomethacin®. All the
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data above elucidated that Wnt/B-catenin signal-
ing is quite significant in RB cell proliferation
and apoptosis.

Although both MT1JP and B-catenin could af-
fect the progression of RB, the molecular mech-
anism underlying the changes of RB cells still
remained unclear. In this study, we realized that
both the forced and silenced expressions of MT1JP
could influence the expression of 3-catenin as well
as its downstream targets such as cyclin DI and
c-myc. And we also found a reciprocal relationship
between MT1JP and B-catenin. Thus, we deter-
mined that the ectopic expression of IncRNA-MT-
1JP inhibited RB cell growth and metastasis via
blocking Wnt/B-catenin signaling pathway.
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