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Abstract
Background: Long non-coding RNA (lncRNA) metastasis associated lung adenocarcinoma transcript 1
(MALAT1) was reported as an oncogene in many tumors including retinoblastoma (RB). This research
mainly focused on the functions and mechanism of MALAT1 in RB.

Methods: The levels of MALAT1, microRNA-655-3p (miR-655-3p), and ATPase family AAA domain
containing 2 (ATAD2) in RB tissues and cells were measured by quantitative real-time polymerase chain
reaction (qRT-PCR). The cell viability and apoptotic rate were monitored via cell counting kit 8 (CCK8)
assay and �ow cytometry, respectively. The protein levels of p21, CyclinD1, B-cell lymphoma-2 (Bcl-2),
cleaved-casp-3, E-cadherin, Ncadherin, Vimentin, and ATAD2 were detected by Western blot assay.
Transwell assay was performed to estimate the abilities of migration and invasion. The interactions
between miR-655-3p and MALAT1 or ATAD2 were predicted by starBase. Dual-luciferase reporter assay
was constructed to verify these interactions. The mice model experiments were established to validate
the effects of MALAT1 in vivo.

Results: MALAT1and ATAD2 were signi�cantly increased while the level of miR-655-3p was remarkably
decreased in RB tissues and cells. MALAT1 knockdown inhibited cell proliferation, metastasis, and
epithelial-mesenchymal transition (EMT) but promoted apoptosis via miR-655-3p in vitro, and blocked
xenograft tumor growth in vivo. MALAT1 was validated to sponge miR-655-3p and ATAD2 was veri�ed as
a candidate of miR-655-3p. MiR-655-3p overexpression inhibited cell proliferation but promoted apoptosis
by targeting ATAD2. MALAT1 silencing affected cell behaviors by regulating ATAD2. MALAT1 depletion
down-regulated ATAD2 expression via miR-655-3p in RB cells.

Conclusion: MALAT1 positively regulated ATAD2 to accelerate cell proliferation but retard apoptosis by
sponging miR-655-3p in RB cells.

Background
Retinoblastoma (RB), originated from the retina, is the most aggressive intraocular cancer in children and
a big threat to the infant vision and lives [1]. With the improvement of treatment, the survival of RB
patients is almost 100% [2]. To some extent, the high cure rate of RB is based on the accurate diagnosis
in the early stage [3]. For example, the survival rate of RB in Africa was only 20–46% because of the
diagnosis at advanced stage [4]. Thus, the searching for novel biomarkers is essential for RB patients.

Long non-coding RNAs (lncRNAs) are a category of long RNAs (> 200 nucleotides (nt)) with no translation
capacity and could affect target gene expression at the transcriptional stage [5]. Many lncRNAs were
reported to be dysregulated in RB and regulate biological processes in the tumor. For example, LINC00202
was highly expressed in RB, and its silencing retarded cell growth, metastasis in vitro [6]. THOR was up-
regulated in RB, the depletion of THOR resulted in the decrease of cell growth, metastasis, and the
increase of apoptosis [7]. Metastasis associated lung adenocarcinoma transcript 1 (MALAT1) is a highly
conserved non-coding RNA. Amounting evidence indicated that the MALAT1 was highly expressed in
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various cancers, including ovarian cancer [8], gastric cancer [9], colorectal cancer [10], papillary thyroid
cancer [11], and non-small cell lung cancer [12]. Whereas, the molecular mechanism of MALAT1 in RB
was rarely reported.

MicroRNAs (miRNAs), a form of small RNAs (~ 18–25 nt) without the ability of translation, were identi�ed
to in�uence the expression of the target gene by targeting message RNA (mRNA) [13]. The dysregulation
of miRNAs was documented in RB. For instance, the low expression of miR-125a-5p in RB promoted cell
growth [14]. The similar results about miR-3619-5p [6], miR-492 [15], and miR-758 [16] were also found in
RB. MiR-655-3p has been reported to impact cell behaviors of tumor progression in ovarian cancer [17],
non-small cell lung cancer [18]. ATPase family AAA domain containing 2 (ATAD2), located on human
chromosome 8q24, is a member of the ATPase family containing an AAA domain which is vital for
ATPase activity and protein assembly [19]. ATAD2 was reported to affect many biological processes in
diverse types of tumors [20, 21]. However, the mechanisms of miR-655-3p and ATAD2 were scarcely
documented in RB. In this project, we aimed to elucidate the underlying mechanism of MALAT1 in RB
progression and search novel biomarkers for RB patients.

Materials And Methods
Tissues collection

Thirty RB tissue samples were collected from Weihai Central Hospital, as well as eighteen normal globe
tissue samples from children. All patients were not subjected to radiation therapy and chemotherapy. All
tissues were frozen at -80°C until further used. The research was permitted by the Ethics Committee of
Weihai Central Hospital and carried out according to the Declaration of Helsinki Principles. Writing
informed consents were provided by all patients.

Quantitative real-time polymerase chain reaction (qRT-PCR)

The random primers (TaKaRa, Dalian, China) were used to synthesize cDNA. An SYBR Mix (TaKaRa) was
used to perform the quantitative PCR on a real-time detection system (Bio-Rad, Shanghai, China). The
levels of MALAT1, ATAD2 were normalized by glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
while the level of miR-655-3p was normalized by small nuclear RNA U6, and processed by the 2-ΔΔCt

method. The primers were obtained from Songon (Shanghai, China) and presented as follows: MALAT1,
(F: 5’-AATGTTAAGAGAAGCCCAGGG-3’, R: 5’-AAGGTCAAGAGAAGTGTCAGC-3’); miR-655-3p, (F: 5’-
CAATCCTTACTCCAGCCAC-3’, R: 5’-GTGTCTTAAGGCTAGGCCTA-3’); ATAD2, (F: 5’-
GGAATCCCAAACCACTGGACA-3’, R: 5’-GGTAGCGTCGTCGTAAAGCACA-3’); GAPDH, (F: 5’-
GGCATTGCTCTCAATGACAA-3’, R: 5’-TGTGAGGGAGATGCTCAGTG-3’) and U6, (F: 5’-
CTCGCTTCGGCAGCACA-3’, R: 5’-AACGCTTCACGAATTTGCGT-3’).

Cell culture and transfection
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Two retinoblastoma cell lines Y79 and WERI-Rb-1 were purchased from SXBIO (Shanghai, China) and
adult retinal pigment epithelial cell line ARPE19 was bought from Tongpai (Shanghai, China). All cells
were cultivated in RPMI-1640 medium (Biosun, Shanghai, China) containing 10% fetal bovine serum
(FBS; Biosun) in 5% CO2 incubator at 37°C. Small interfering RNA (siRNA) targeting MALAT1 (si-MALAT1,
5’-CACAGGGAAAGCGAGTGGTTGGTAA-3’) and its negative control (si-con, 5’-
UUCUCCGAACGUGUCACGUTT-3’), miR-655-3p mimics (miR-655-3p) and its negative control (miR-con),
miR-655-3p inhibitor (anti-miR-655-3p) and its negative control (anti-miR-con), and ATAD2 overexpression
vector (pcDNA-ATAD2) and empty vector (pcDNA) were all obtained from Sangon. The transfection was
conducted using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

Cell counting kit 8 (CCK8) assay

A CCK8 kit (Beyotime, Shanghai, China) was utilized to assess cell viability. The Y79 and WERI-Rb-1 cells
(2×104 per well) were injected into a 96-well plate and maintained for 24 h. After transfection, CCK8
solution was added into each well at 0 h, 24 h, 48 h, and 72 h. The cell viability was assessed at 450 nm.

Flow cytometry analysis of cell apoptosis

An apoptosis analysis kit (Servicebio, Wuhan, China) was used to detect the apoptotic rate. In brief, the
transfected Y79 and WERI-Rb-1 cells were �rstly washed with phosphate buffer solution (PBS) for three
times. Then cells were incubated with Annexin V �uorescein isothiocyanate (FITC) and propidium iodide
(PI) for 15 min in dark condition. The apoptotic rate was assessed using �ow cytometry (Agilent, Beijing,
China).

Western blot assay

The protein in Y79 and WERI-Rb-1 cells was extracted using RIPA buffer (Solarbio, Beijing, China) and the
concentration of protein samples was detected using BCA Protein Assay Kit (Beyotime). After being
separated by sodium dodecyl sulfonate-polyacrylamide gel electrophoresis (SDS-PAGE), the protein
samples were transferred onto a polyvinylidene �uoride (PVDF) membrane (Millipore, Billerica, MA, USA).
The membrane was blocked in skim milk for 4 h and incubated with primary antibody for 12 h at 4°C.
Then the membrane was incubated with secondary antibody for 2 h at 37°C. The chemiluminescence
intensity was detected using an ECL kit (Beyotime). The primary antibodies p21 (1/1500; ab218311),
CyclinD1 (1/1000; ab40754), B-cell lymphoma-2 (Bcl-2; 1/1000; ab32124), cleaved caspase 3 (cleaved-
casp-3, 1/500; ab32042), E-cadherin (ab40772, 1/2000), N-cadherin (ab18203, 1/2000), Vimentin
(ab45939, 1/1000), ATAD2 (1/500; ab176319), GAPDH (1/2500; ab9485) and secondary antibody
(1/10,000; ab97051) were purchased from Abcam (Cambridge, MA, USA).

Transwell assay

Transwell chambers (Solarbio) were utilized to monitor the migrated and invaded abilities of Y79 and
WERI-Rb-1 cells. For the migration assay, RPMI‐1640 medium containing 10% FBS was supplemented
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into the lower chamber, while the upper chamber was added with suspended cells in serum-free medium.
After 24-h incubation, the migrated cells were stained with 0.1% crystal violet. Cell numbers in 10 random
�elds were counted using a light microscope and calculated using Image Pro Plus. The protocol of
invasion assay was similar to that of the migration assay, while the difference was that the upper
chamber was covered with a matrigel matrix (BD, Franklin Lakes, USA).

Dual-luciferase reporter assay

The wide type and mutant complementary sequences of MALAT1 or 3’-untranslated regions (3’UTR) of
ATAD2 were inserted into pGL3 vector (Promega, Madison, WI, USA) to construct the luciferase reporter,
named as WT-MALAT1, MUT-MALAT1, WT-ATAD2 or MUT-ATAD2. The luciferase reporter and miR-655-3p
or miR-con were co-transfected into Y79 and WERI-Rb-1 cells. Following 48-h incubation, the luciferase
activity was evaluated using Dual-Lucy Assay Kit (Solarbio).

Mice model experiment

The animal experiment was carried out according to the protocol approved by the Animal Care Committee
of Weihai Central Hospital. The four-week-old nude mice were bought from Shanghai Laboratory Animal
Company (SLAC, Shanghai, China) and divided into two groups (n=6 per group): sh-MALAT1 group and
sh-con group. The Y79 cells (4×106) transfected with sh-MALAT1 or sh-con were inoculated into nude
mice. The tumor volume was measured every 7 days continued to 28 days and calculated according to
the formula: volume (mm3) = width2 × length/2. Then the xenograft tumors were resected, the tumors’
weight was tested and the tumors were stored in -80°C refrigerator until the further exploration.

Statistical analysis

GraphPad Prism 7 (GraphPad Inc., La Jolla, CA, USA) was used to process the experimental data which
were repeated for at least three times. The Student’s t-test was used to compare the data between the two
groups, and one-way analysis of variance (ANOVA) was utilized to analyze the comparison among
multiple groups. P<0.05 was considered statistically different.

Results
MALAT1 was signi�cantly up-regulated and miR-655-3p was remarkably down-regulated in RB

Firstly, we measured the levels of MALAT1 and miR-655-3p in thirty RB tissues and eighteen normal globe
tissues. As presented in Fig. 1A, the level of MALAT1 was apparently elevated in RB tissues compared to
that in normal tissues. Also, the level of miR-655-3p was distinctly decreased in RB tissues (Fig. 1B).
Besides, the scatter diagram exhibited that the level of miR-655-3p in RB was negatively linear correlated
with the level of MALAT1 (Fig. 1C). These data indicated that MALAT1 was highly expressed, while miR-
655-3p was lowly expressed in RB.
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MALAT1 silencing constrained cell proliferation, metastasis, and EMT but promoted apoptosis in Y79 and
WERI-Rb-1 cells

In order to investigate the functions of MALAT1 in RB, we �rstly measured the level of MALAT1 in RB
cells. The results displayed that MALAT1 was obviously increased in RB cell lines (Y79 and WERI-Rb-1) in
contrast to that in retinal pigment epithelial cell line ARPE19 (Fig. 2A). The qRT-PCR results con�rmed the
knockdown e�ciency, indicated by the dramatical reduction of MALAT1 in Y79 and WERI-Rb-1 cells
transfected with si-MALAT1 (Fig. 2B). Moreover, the transfection of si-MALAT1 resulted in the marked
decline of cell viability in Y79 and WERI-Rb-1 cells in comparison with that in si-con group (Fig. 2C-D).
While the apoptotic rate was notably facilitated in Y79 and WERI-Rb-1 cells transfected with si-MALAT1
(Fig. 2E). Since p21, CyclinD1 as proliferation-related factors and Bcl-2, cleaved-casp-3 as apoptosis-
associated markers, the protein levels of them were tested in Y79 and WERI-Rb-1 cells. The Western
blotassay exhibited that the protein levels of p21 and cleaved-casp-3 were strikingly accelerated, but the
protein levels of CyclinD1, Bcl-2 were conspicuously decreased in si-MALAT1-transfected siY79 and WERI-
Rb-1 cells (Fig. 2F-G). Besides, the introduction of si-MALAT1 notably reduced the migrated and invaded
abilities of Y79 and WERI-Rb-1 cells compared with that in si-con group (Fig. 2H-I). Given that E-cadherin,
N-cadherin, and Vimentin as epithelial-mesenchymal transition (EMT) protein markers, the levels of these
protein were detected. As exhibited in Fig. 2J-K, the protein level of E-cadherin was apparently elevated,
while N-cadherin and Vimentin were strikingly decreased in si-MALAT1 group in comparison with that in
si-con group. Taken together, the depletion of MALAT1 inhibited cell proliferation, migration, invasion, and
EMT but facilitated apoptosis in Y79 and WERI-Rb-1 cells.

MiR-655-3p overexpression suppressed cell proliferation, migration, invasion, and EMT while boosted
apoptosis in Y79 and WERI-Rb-1 cells

Meanwhile, the level of miR-655-3p was evidently down-regulated in Y79 and WERI-Rb-1 cells (Fig. 3A).
The level of miR-655-3p was extremely enhanced in Y79 and WERI-Rb-1 cells transfected with miR-655-3p
mimics, a�rming the transfection e�ciency (Fig. 3B). Furthermore, CCK8 assay indicated that cell
viability, migrated and invaded abilitieswere signi�cantly declined in Y79 and WERI-Rb-1 cells transfected
with miR-655-3p related to that in miR-con group (Fig. 3C-D and H-I). The transfection of miR-655-3p
greatly augmented apoptotic rate compared to that in miR-con group (Fig .3E). As shown in Fig. 3F-G, the
introduction of miR-655-3p apparently expedited the protein levels of p21, cleaved-casp-3 but drastically
reduced the protein levels of CyclinD1, Bcl-2 in Y79 and WERI-Rb-1 cells. Besides, the transfection of miR-
655-3p contributed to the distinctly down-regulation of the level of E-cadherin protein, as well as the
remarkably decrease of the protein levels of N-cadherin and Vimentin in miR-655-3p group related to that
in miR-con group (Fig. 3J-K). To sum up, these results disclosed that the overexpression of miR-655-3p
retarded RB progression.

MALAT1 negatively interacted with miR-655-3p in Y79 and WERI-Rb-1 cells

To explore the mechanism of MALAT1 in RB, starBase online database
(http://starbase.sysu.edu.cn/starbase2/) was used to predict the putative targets of MALAT1. The results

http://starbase.sysu.edu.cn/starbase2/
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showed that miR-655-3p was a candidate of MALAT1 (Fig. 4A). Following dual-luciferase reporter assay
demonstrated that the transfection of miR-655-3p contributed to the remarkable reduction of luciferase
activity of WT-MALAT1 reporter related to that in miR-con group, while the luciferase activity of MUT-
MALAT1 reporter had no change (Fig. 4B-C). In addition, the level of miR-655-3p was enhanced in si-
MALAT1-transfected Y79 and WERI-Rb-1 cells, while decreased in pcDNA-MALAT1 group (Fig. 4D-E).
These data implicated that MALAT1 sponged miR-655-3p in Y79 and WERI-Rb-1 cells.

MALAT1 knockdown inhibited cell proliferation but facilitated apoptosis in RB by sponging miR-655-3p

To explore the mechanism and functions of MALAT1 and miR-655-3p in RB, si-MALAT1 and anti-miR-con
were transfected into Y79 and WERI-Rb-1 cells. . As exhibited in Fig. 5A, the level of miR-655-3p was
distinctly increased in si-MALAT1-transfected Y79 and WERI-Rb-1 cells, while obviously declined by the
introduction of anti-miR-655-3p. Moreover, the emergence of anti-miR-655-3p relieved the inhibitory
effects on cell viability and the abilities of migrated and invaded of Y79 and WERI-Rb-1 cells inhibited by
si-MALAT1 (Fig. 5B-C and G-H). MiR-655-3p inhibitor attenuated the promoted impact on apoptotic rate in
Y79 and WERI-Rb-1 cells induced by MALAT1 silencing (Fig.5D). In addition, the transfection of miR-655-
3p inhibitor counteracted the facilitated effect on the protein levels of p21, cleaved-casp-3, and E-
cadherin, as well as the restraint effect on the protein levels of CyclinD1, Bcl-2, N-cadherin, and Vimentin
in Y79 and WERI-Rb-1 cells caused by si-MALAT1 (Fig. 5E-F and I-J).These data implicated that the
silencing of MALAT1 suppressed RB progression by sponging miR-655-3p.

ATAD was a candidate target of miR-655-3p in Y79 and WERI-Rb-1 cells

In order to explore the mechanism of miR-655-3p in RB, starBase online database was used to search the
putative target of miR-655-3p in RB. As shown in Fig. 6A, ATAD2 3’UTR had complementary binding sites
with miR-655-3p. The luciferase activity of WT-ATAD2 reporter was markedly declined in Y79 and WERI-
Rb-1 cells transfected with miR-655-3p, while MUT-ATAD2 reporter’s activity had no apparent �uctuation
in any group (Fig. 6B-C). Besides, the mRNA and protein levels of ATAD2 were highly expressed in RB
tissues and cells (Fig. 6D-G). Also, the level of ATAD2 was negatively correlated with miR-655-3p (Fig.
6H). The qRT-PCR and Western blot assay showed that the mRNA and protein levels of ATAD2 were
distinctly reduced in miR-655-3p-transfected Y79 and WERI-Rb-1 cells, while dramatically enhanced in
Y79 and WERI-Rb-1 cells transfected with anti-miR-65-3p (Fig. 6I-L). These data demonstrated that
ATAD21 was negatively interacted with miR-655-3p in Y79 and WERI-Rb-1 cells. 

MiR-655-3p negatively regulated ATAD2 expression to impede cell proliferation and impel apoptosis in
Y79 and WERI-Rb-1 cells

To investigate whether the effects of miR-655-3p on RB progression were mediated by ATAD2, the
restoration experiments of ATAD2 was conducted. As shown in Fig. 7A-C, the mRNA and protein levels of
ATAD2 were remarkably down-regulated in Y79 and WERI-Rb-1 cells transfected with miR-655-3p, while
relieved in miR-655-3p and pcDNA-ATAD2 group Furthermore, the transfection of pcDNA-ATAD2 receded
the repressive impacts on cell viability and migrated and invaded abilities retarded by miR-655-3p in Y79
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and WERI-Rb-1 cells (Fig. 7D-E). The apoptotic rate was distinctly enhanced in Y79 and WERI-Rb-1 cells
transfected with miR-655-3p, while partly attenuated in Y79 and WERI-Rb-1 cells co-transfected with miR-
655-3p and pcDNA-ATAD2 (Fig. 7F). Finally, the transfection of pcDNA-ATAD2 mitigated the accelerated
effect on the protein levels of p21, cleaved-casp-3, E-cadherin as well as the restraint effect on the protein
levels of CyclinD1, Bcl-2, N-cadherin, and Vimentin in Y79 and WERI-Rb-1 cells caused by miR-655-3p
mimics (Fig. 7G-H and K-L). These data implicated that miR-655-3p hampered cell proliferation,
metastasis, and EMT while impelled apoptosis in Y79 and WERI-Rb-1 cells modulating ATAD2.

MALAT1 positively regulated ATAD2 expression to accelerate cell proliferation but block apoptosis in RB
by sponging miR-655-3p

To further explore the relationship among MALAT1, miR-655-3p and ATAD2 in RB, we detected the protein
level of ATAD2 in Y79 and WERI-Rb-1 cells transfected with si-con, si-MALAT1, si-MALAT1 + anti-miR-con,
or si-MALAT1 + anti-miR-655-3p. As presented in Fig. 8A-C, the level of ATAD2 mRNA and protein were
apparently down-regulated in Y79 and WERI-Rb-1 cells transfected with si-MALAT1, while regained by the
introduction of anti-miR-655-3p. Also, the scatter plot showed that the level of MALAT1 was positively
linear correlated with ATAD2 (Fig. 8D). Meanwhile, the introduction of si-MALAT1 effectively down-
regulated the levels of mRNA and protein in Y79 and WERI-Rb-1 cells, while reversed by the emergence of
pcDNA-ATAD2 (Fig. 8E-G). Moreover, the transfection of pcDNA-ATAD2 weakened the suppressive
impacts on cell viability, migrated and invaded abilitiesin Y79 and WERI-Rb-1 cells inhibited by si-MALAT1
(Fig.8H-I and M-N). Whereas, the apoptotic rate showed the opposite trend. Brie�y, the apoptotic rate was
obviously increased in Y79 and WERI-Rb-1 cells transfected with si-MALAT1, while partly attenuated in
Y79 and WERI-Rb-1 cells co-transfected with si-MALAT1 and pcDNA-ATAD2 (Fig. 8J). The Western blot
assay indicated that the emergence of pcDNA-ATAD2 neutralized the promoted effects on the protein
levels of p21, cleaved-casp-3, and E-cadherin, as well as the inhibitory effects on the protein levels of
CyclinD1, Bcl-2, N-cadherin, and Vimentin in Y79 and WERI-Rb-1 cells caused by MALAT1 silencing
(Fig.8K-L and O-P). These data demonstrated that MALAT1 positively modulated ATAD2 expression to
regulate cell behaviors in Y79 and WERI-Rb-1 cells by sponging miR-655-3p.

MALAT1 depletion impeded xenograft tumor growth in vivo

To further verify the effects of MALAT1 in vivo, the mice model experiments were constructed. Firstly, we
a�rmed sh-MALAT1 or sh-con transfection e�ciency, indicated by the striking down-regulation of
MALAT1 in Y79 cells (Fig. 9A). The measurement results presented that the weight and volume were both
substantially declined in sh-MALAT1 group related to that in sh-NC group (Fig. 9B-C). In addition, the level
of miR-655-3p was signi�cantly elevated in sh-MALAT1 group, while the mRNA and protein levels of
ATAD2 were notably reduced in sh-MALAT1 group (Fig. 9D-E). These results suggested that the silencing
of MALAT1 blocked xenograft tumor growth in vivo.

Discussion
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It is well known that tumor progression is a complicated issue for patients who suffered the pain of the
tumor. RB is a rare type of intraocular cancer. Convincing evidence indicated that MALAT1 was an
oncogene in diverse types of cancers. In the current study, the roles of MALAT1 in RB were mainly
explored. The results suggested that MALAT1 promoted RB progression partially through miR-655-
3p/ATAD2 axis.

Emerging evidence demonstrated that the dysregulation of MALAT1 was implicated in tumor progression.
For instance, a study in ovarian cancer disclosed that MALAT1 was strikingly elevated in ovarian cancer,
while its depletion retarded cell growth, metastasis in vitro [8]. Another study in gastric cancer (GC)
revealed that MALAT1 was conspicuously boosted in GC; but its depletion impeded cell growth,
metastasis in vitro, as well as induced apoptosis [9]. The similar results were also reported in colorectal
cancer [10], papillary thyroid cancer [11], and non-small cell lung cancer [12]. In this study, MALAT1 was
highly expressed in RB. Meanwhile, MALAT knockdown blocked cell growth, metastasis, and EMT but
enhanced apoptosis. In addition, the silencing of MALAT1 restrained xenograft tumor growth in vivo.
These data also were consistent with previous reports in RB [22, 23]. These data demonstrated that
MALAT1 played vital roles in RB progression.

Currently, the aberrant expression of miR-655-3p was reported to associate with the behaviors of tumor
cells. For instance, Wang et al. reported that miR-655-3p was low expressed in non-small cell lung cancer,
miR-655-3p mimics resulted in the impediment of cell metastasis [18]. Another study in hepatocellular
carcinoma (HCC) demonstrated that the low expression of miR-655-3p in HCC promoted cell growth,
metastasis [24]. In this research, we found that miR-655-3p was down-regulated in RB, and MALAT1 was
identi�ed to sponge miR-655-3p. MALAT1 silencing curbed cell growth, mobility, and EMTwhile facilitated
apoptosis by regulating miR-655-3p. Although miR-655-3p was not documented in RB, miR-655 was
reported to be lowly expressed in RB and its overexpression impeded cell growth, metastasis while
induced apoptosis by targeting PAX6 in vitro [25]. These data implicated that MALAT accelerated RB
progression by sponging miR-655-3p.

Accumulating evidence demonstrated that ATAD2 was involved in the progression of tumors. For
example, a research in cervical cancer reported that the mRNA and protein levels of ATAD2 were elevated
in cervical cancer, and the knockdown of ATAD2 impeded cell growth, metastasis [21]. Another study in
HCC illustrated that ATAD2 was enhanced in HCC, and its knockdown regulated cell behaviors mediated
by miR-372 [26]. In this research, ATAD2 was veri�ed as a candidate of miR-655-3p. Also, ATAD2 was up-
regulated in RB. MiR-655-3p affected cell behaviors by negatively regulating ATAD2. The similar results of
ATAD2 in RB were in line with previous study [20]. MALAT1 knockdown down-regulated ATAD2 expression
by sponging miR-655-3p. Furthermore, MALAT1 depletion decreased ATAD2 expression to regulate cell
behaviors in RB cells. These results manifested that MALAT1 modulated ATAD2 to promote RB
progression via miR-655-3p.

Taken together, we concluded that MALAT1, ATAD2 were up-regulated and miR-655-3p was down-
regulated in RB. MALAT1 positively regulated ATAD2 expression to regulate cell proliferation, megration,
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invasion, apoptosis, and EMT in RB by sponging miR-655-3p. The new regulatory network may shed light
on the mechanism of RB progression. There were evidences indicated that MALAT1 promoted tumor
progression through phosphatidylinositol-3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR)
signaling pathway in non-small cell lung cancer [27] and osteosarcoma [28]. In the next exploration, we
will focus on whether the MALAT1/miR-655-3p/ATAD2-induced RB progression was mediated by
PI3K/AKT/mTOR signaling pathway.
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Figure 1

MALAT1 was signi�cantly up-regulated and miR-655-3p was remarkably down-regulated in RB. (A-B) The
levels of MALAT1 and miR-655-3p in RB tissues and normal globe tissues were tested by qRT-PCR. (C)
The correlation between miR-655-3p and MALAT1 was veri�ed by Pearson correlation analysis. *P<0.05.

Figure 2
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MALAT1 silencing constrained cell proliferation but promoted apoptosis in Y79 and WERI-Rb-1 cells. (A)
The level of MALAT1 in RB cells (Y79 and WERI-Rb-1) and retinal pigment epithelial cell ARPE19 was
tested by qRT-PCR. (B) The level of MALAT1 in Y79 and WERI-Rb-1 cells transfected with si-MALAT1 or si-
con was examined via qRT-PCR. (C-K) The Y79 and WERI-Rb-1 cells were transfected with si-con or si-
MALAT1. (C-D) The cell viability was monitored by CCK8 assay. (E) The apoptotic rate was assessed by
�ow cytometry. (F-G) The protein levels of p21, CyclinD1, Bcl-2, and cleaved-casp-3 were detected via
Western blot assay. (H-I) The migrated and invaded abilities were tested by Transwell assay. (J-K) The
protein levels of E-cadherin, N-cadherin, and Vimentin were examined via Western blot assay. *P<0.05.

Figure 3

MiR-655-3p overexpression suppressed cell proliferation, migration, invasion, and EMT while boosted
apoptosis in Y79 and WERI-Rb-1 cells. (A) The level of miR-655-3p in RB cells Y79 and WERI-Rb-1 and
retinal pigment epithelial cell line ARPE19 was tested by qRT-PCR. (B-I) The Y79 and WERI-Rb-1 cells were
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transfected with miR-con or miR-655-3p. (B) The level of miR-655-3p was examined via qRT-PCR. (C-D)
The cell viability was detected by CCK8 assay. (E) The apoptotic rate was assessed through �ow
cytometry. (F-G) The protein levels of p21, CyclinD1, Bcl-2, and cleaved-casp-3 were measured via Western
blot assay. (H-I) The migrated and invaded abilities were evaluated by Transwell assay. (J-K) The protein
levels of E-cadherin, N-cadherin, and Vimentin were measured via Western blot assay. *P<0.05.

Figure 4

MALAT1 negatively interacted with miR-655-3p in Y79 and WERI-Rb-1 cells. (A) The complementary
binding sites between MALAT1 and miR-655-3p were exhibited, as well as the mutant sequences of
MALAT1. (B-C) The luciferase activities of WT-MALAT1 and MUT-MALAT1 reporter in Y79 and WERI-Rb-1
cells transfected with miR-con or miR-655-3p were evaluated by dual-luciferase reporter assay. (D-E) The
level of miR-655-3p in Y79 and WERI-Rb-1 cells transfected with si-NC, si-MALAT1, pcDNA, or pcDNA-
MALAT1 was detected via qRT-PCR. *P<0.05.
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Figure 5

MALAT1 knockdown inhibited cell proliferation but facilitated apoptosis in RB by sponging miR-655-3p.
(A-J) The Y79 and WERI-Rb-1 cells were transfected with si-con, si-MALAT1, si-MALAT1 + anti-miR-con or
si-MALAT1 + anti-miR-655-3p. (A) The level of miR-655-3p was measured by qRT-PCR. (B-C) The cell
viability was examined by CCK8 assay. (D) The apoptotic rate was evaluated through �ow cytometry. (E-F
and I-J) The protein levels of p21, CyclinD1, Bcl-2, cleaved-casp-3, E-cadherin, N-cadherin, and
Vimentinwere tested via Western blot assay. (G-H) The migrated and invaded abilities were estimated by
Transwell assay. *P<0.05.
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Figure 6

ATAD was a candidate target of miR-655-3p in Y79 and WERI-Rb-1 cells. (A) The complementary binding
sites between miR-655-3p and ATAD2 3’UTR was exhibited, as well as the mutant sequences of ATAD2
3’UTR. (B-C) The luciferase activity of WT-ATAD2 or MUT-ATAD2 reporter in Y79 and WERI-Rb-1 cells
transfected with miR-655-3p or miR-con was evaluated by dual-luciferase reporter assay. (D-G) The level
of ATAD2 in RB tissues or cells was tested via qRT-PCR and Western blot assay, respectively. (H) The
correlation between miR-655-3p and ATAD2 was processed by Pearson test. (G-H) The mRNA and protein
level of ATAD2 in Y79 and WERI-Rb-1 cells transfected with miR-con, miR-655-3p, anti-miR-con, anti-miR-
655-3p were examined via qRT-PCR and Western blot assay, respectively. *P<0.05.ATAD was a candidate
target of miR-655-3p in Y79 and WERI-Rb-1 cells. (A) The complementary binding sites between miR-655-
3p and ATAD2 3’UTR was exhibited, as well as the mutant sequences of ATAD2 3’UTR. (B-C) The
luciferase activity of WT-ATAD2 or MUT-ATAD2 reporter in Y79 and WERI-Rb-1 cells transfected with miR-
655-3p or miR-con was evaluated by dual-luciferase reporter assay. (D-G) The level of ATAD2 in RB
tissues or cells was tested via qRT-PCR and Western blot assay, respectively. (H) The correlation between
miR-655-3p and ATAD2 was processed by Pearson test. (G-H) The mRNA and protein level of ATAD2 in
Y79 and WERI-Rb-1 cells transfected with miR-con, miR-655-3p, anti-miR-con, anti-miR-655-3p were
examined via qRT-PCR and Western blot assay, respectively. *P<0.05.
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Figure 7

MiR-655-3p negatively regulated ATAD2 expression to impede cell proliferation and impel apoptosis in
Y79 and WERI-Rb-1 cells. (A-L)The Y79 and WERI-Rb-1 cells were transfected with miR-con, miR-655-3p,
miR-655-3p + pcDNA or miR-655-3p + pcDNA-ATAD2. (A-C) The levels of ATAD2 mRNA and protein were
detected via qRT-PCR and Western blot assay. (D-E)The cell viability was detected by CCK8 assay. (F) The
apoptotic rate was measured through �ow cytometry. (G-H and K-L) The protein levels of p21, CyclinD1,
Bcl-2, cleaved-casp-3, E-cadherin, N-cadherin, and Vimentin were assessed via Western blot assay. (I-J)
The migrated and invaded abilities were estimated by Transwell assay. *P<0.05.
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Figure 8

MALAT1 positively regulated ATAD2 expression to affect cell behaviors in RB by sponging miR-655-3p.
(A-C) The mRNA and protein levels of ATAD2 in Y79 and WERI-Rb-1 cells transfected with si-con, si-
MALAT1, si-MALAT1 + anti-miR-con, or si-MALAT1 + anti-miR-655-3p was measured via qRT-PCR and
Western blot assay. (D) The correlation between MALAT and ATAD2 was validated by Pearson correlation
analysis. (E-P) The Y79 and WERI-Rb-1 cells were transfected with si-con, si-MALAT1, si-MALAT1 +
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pcDNA, or si-MALAT1 + pcDNA-ATAD2. (E-G) The levels of ATAD2 mRNA and protein was tested by qRT-
PCR and Western blot assay. (H-I) The cell viability was measured by CCK8 assay. (J) The apoptotic rate
was assessed using �ow cytometry. (K-L and O-P) The protein levels of p21, CyclinD1, Bcl-2, cleaved-
casp-3, E-cadherin, N-cadherin, and Vimentin were tested via Western blot assay. (M-N) The migrated and
invaded abilities were estimated by Transwell assay. *P<0.05.

Figure 9

MALAT1 depletion impeded xenograft tumor growth in vivo. (A) The level of MALAT1 in Y79 cells
transfected with sh-MALAT1 or sh-con was detected by qRT-PCR. (B-E) The nude mice were injected with
Y79 cells stably transfected with sh-MALAT1 or sh-con. (B-C) The weight and volume of xenograft tumor
were displayed. (D) The levels of miR-655-3p and ATAD2 were detected via qRT-PCR. (E) The protein level
of ATAD2 was tested via Western blot assay. *P<0.05.


