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MiR-361-5p inhibits cell proliferation and induces cell apoptosis
in retinoblastoma by negatively regulating CLDN8
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Abstract
Purpose MiR-361-5p has been reported to act as tumor suppressor in several types of cancers. Retinoblastoma (RB) is the most
common ocular tumor in childhood. The current study aimed to investigate the expression pattern and biological function of miR-
361-5p in RB.
Methods Quantitative real time was utilized to determine and compare the expression of miR-361-5p in RB cells and normal
retinal pigment epithelial cell line ARPE-19. CCK-8 and Edu assay were performed to assess cell proliferation. Cell apoptosis
was evaluated using flow cytometry assay. Bioinformatics databases and luciferase reporter assay were applied to predict and
confirm the target gene of miR-361-5p in RB cells.
Results Here, we found miR-361-5p was significantly downregulated in RB cells compared with normal retinal pigment epi-
thelial cell line ARPE-19. MiR-361-5p overexpression significantly inhibited or silencing promoted cell proliferation in Y79 and
SO-RB50 cells, respectively. Flow cytometry assay showed a significantly decreased cell apoptosis in miR-361-5p silencing Y79
cells and increased cell apoptosis in miR-361-5p overexpressing SO-RB50 cells. Moreover, miR-361-5p directly bound to the 3′
untranslated region of claudin 8 (CLDN8) and inhibited the expression of CLDN8. Furthermore, we found knockdown of
CLDN8 photocopied the effect of miR-361-5p on cell proliferation and apoptosis in RB cells.
Conclusion These results indicated that overexpression of miR-361-5p might act as a suppressor in RB by targeting CLDN8 to
inhibit the cellular function.
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Introduction

Retinoblastoma (RB) is the most common ocular tumor in
childhood arising from the retinas of early childhood [1].
The incidence rate of RB should be around one in 15,000 to
20,000 live births, approximately 9000 new cases are added
annually worldwide [2]. Mutations of both the RB-
susceptibility gene (RB1) is considered the triggering event

in the development of RB [3]. Although intraarterial and in-
travitreal chemotherapies have a major role in enhancing treat-
ment outcomes, the patients’ survival still remains low than
30% globally [4]. Therefore, it is urgently needed to explore
the key molecular mechanisms underlying in the initiation and
development of RB to improve its clinical outcomes. The
human genome sequence era and the discovery of
microRNAs (miRNAs) have brought conceptual break-
through in the investigation of human cancers [5]. To date,
more than 2588 human mature miRNAs (small noncoding
RNAs, 19–22 bases in length) have been registered in
miRNA database (miRBase) [6]. It has been recognized that
large numbers of miRNAs are transcribed in the genome and
function as new players in cancer carcinogenesis for their
post-transcriptional and translational modifications of their
target genes [7, 8]. A growing body of evidence suggests that
miRNAs are frequently dysregulated in human cancers and

* Weiwei Kuang
weiw_kuang34@126.com

1 Department of Ophthalmology, The First People’s Hospital of
Lianyungang, Lianyungang 222000, Jiangsu, China

2 Department of Dermatology, The First People’s Hospital of
Lianyungang, No. 182 tongtongbei Road, Haizhou District,
Lianyungang 222000, Jiangsu, China

Child's Nervous System (2019) 35:1303–1311
https://doi.org/10.1007/s00381-019-04199-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04199-9&domain=pdf
mailto:weiw_kuang34@126.com


implicated in fundamental processes including proliferation,
apoptosis, differentiation, and etc. [9]. MiR-361-5p as an evo-
lutionarily conserved miRNA has been reported to be down-
regulated in several types of human malignancies, including
colorectal cancer [10], gastric cancer [10], prostate cancer
[11], and lung cancer [12]. Previous studies have also shown
that miR-361-5p regulates tumor cell biological behavior, in-
cluding cell proliferation, survival, and cell cycle progression
by targeting staphylococcal nuclease domain containing-1,
signal transducer, activator of transcription-6, FOXM1, and
ABCA1 [10–13]. However, the expression and function of
miR-361-5p still remain unclear in the pathogenesis of RB.

In claudins (CLDNs) with 18 to 27 kDa, the critical struc-
tural and functional components of tight junctions are recog-
nized by their C-terminal cytoplasmic domain and two extra-
cellular loops [14]. The family of CLDNs consists of at least
24 members, encoding tetraspan membrane proteins, and
plays key roles in controlling paracellular ion flux and main-
taining cell polarity in epithelial and endothelial cellular sheets
[15, 16]. The expression of CLDNs has been extensively re-
ported to exhibit epithelial differentiation in a variety of can-
cers [16]. Specially, disturbance of tight junction function is an
important factor in the development of inflammatory bowel
disease, cancer metastasis, celiac disease, and autoimmune
disease [17–19]. It is noteworthy that claudins are often
deregulated in several cancers [20]. For example, claudin 8
(CLDN8) has been found to be reduced in human osteosarco-
ma [21] and prostate cancer [22]. What is more, depletion of
CLDN8 in osteosarcoma U2OS and SW1353 cells results in
decreased cell viability and proliferation [21]. In prostate can-
cer, CLDN8 is regulated by androgen and seems to trigger
cancer cell proliferation and migration [22]. Notably, the role
of CLDN8 in RB was rarely reported.

In the present study, we determined the involvement of
miR-361-5p and CLDN8 in RB. We investigated the expres-
sion level of miR-361-5p in RB cell lines and analyzed their
biological function on cell proliferation and apoptosis. These
preliminary results might help provide Bentry point^ for ther-
apeutic intervention for RB treatment.

Materials and methods

Cell lines and culture

The human RB cell lines, Y79 and SO-RB50, and a normal
retinal pigment epithelial cell line ARPE-19 were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Y79 and SO-RB50 cells were cultured
in RPMI 1640 medium with 10% fetal bovine serum (FBS,
Gibco, Grand Island, NY, USA). ARPE-19 cells were cultured

in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% FBS. All the above cell lines were incubated
at 37 °C in a humidified atmosphere containing 5% CO2.

Cell transfection

The oligonucleotides of the miR-361-5p mimics, scrambled
negative control miRNA (miR-NC), miR-361-5p inhibitor,
and scrambled antago-miRNA (anti-miR) were synthesized
from Genepharma Co., Ltd. (Shanghai, China). The small
interfering RNA targeting human CLDN8 (siCLDN8) and
scrambled siRNA (siNC) were purchased from Guangzhou
RiboBio Co., Ltd. For cell transfection, RB cells were seeded
into six-well plates at a density of 1.5 × 105 cells per well.
MiR-361-5p overexpression in SO-RB50 cells and knock-
down in Y79 cells were accomplished by transfecting with
miR-361-5p mimics and miR-361-5p inhibitor, respectively,
at a concentration of 100 nM. For CLDN8 knockdown, SO-
RB50 cells were transfected with 0.6 μg siCLDN8 or siNC.
Transfection was performed using Lipofectamine 2000 re-
agent (Invitrogen,Waltham,MA, USA) according to the man-
ufacturer’s protocol. After 48 h following transfection, cells
were harvested for the RNA analysis and protein analysis.

Prediction of miRNA targeting CLDN8

Three Bioinformatics databases, including TargetScan (http://
www.targetscan.org/vert_71/), PicTar (http://www.pictar.org/),
and miRanda (http://www.microrna.org/microrna/home.do),
were used to predict miR-361-5p targeting CLDN8 and their
binding regions.

Dual-luciferase reporter assay

For luciferase reporter assay, the wild-type 3′-untranslated re-
gions (UTRs) of CLDN8mRNA that had a putative miR-361-
5p binding site were cloned into the pmiRGLO luciferase
vector (Promega, Madison, WI, USA) to generate Wt
CLDN8 plasmid. Using Wt CLDN8 3′-UTR as a template, a
site-directed mutagenesis kit (Enzynomic, Daejeon, Korea)
was used to amplified point mutations in the putative miR-
361-5p-binding seed regions to obtain Mut CLDN8 plasmid.
Subsequently, 293T cells were co-transfected with miR-361-
5p mimics or miR-NC and Wt CLDN8 plasmid or Mut
CLDN8 plasmid for 48 h using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instruction.
Luciferase activity was determined using the Dual
Luciferase Reporter Assay system (Promega) following the
manufacturer’s protocols.
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qRT-PCR

Total RNA was extracted from cell lines by the TRIzol re-
agent (Invitrogen) in accordance with the manufacturer’s
protocol. For qRT-PCR analysis, cDNA was synthesized
from 1 μg of total RNA using the microRNA reverse tran-
scription kit (TaKaRa, Dalian, China) for miR-361-5p and
Prime-Script RT reagent kit (TaKaRa) for CLDN8 and then
were quantified with SYBR Green PCR Master Mix kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.) in
triplicate on ABI 7500 HT fast real-time PCR system
(Applied Biosystems). The primers used in this study were
described as follows: miR-361-5p forward, 5′-AGCC
ATTGACTAGCCATTCC-3 ′, and reverse, 5 ′-GCCT
TAGCATGACGCCATGT-3 ′; U6 forward, 5 ′-TGTG
GGCATCAATGATTTGG-3 ′ and reverse, 5 ′-ACAC
CATGTATTCCGGGTCAAT-3′; CLDN8 forward, 5′-
CCGTGATGTCCTTCTTGGCTTTC-3′ and reverse, 5′-
CTCTGATGATGGCATTGGCAACC-3′; and GAPDH for-
ward 5′-CCATGTTCGTCATGGTGTG-3′ and reverse, 5′-
GGTGCTAAGCAGTTGGTGGTG-3′. U6 and GAPDH
were used as internal control to normalize the miR-361-5p
and CLDN8 mRNA, respectively. Relative fold-change ex-
pression levels were calculated using the 2−ΔΔCT method.

Cell proliferation assay

Cell proliferation was determined using Cell Counting Kit-
8 (CCK-8, Beyotime Institute of Biotechnology). Briefly,
Y79 and SO-RB50 cells were trypsinized, resuspended,
and were seeded into a 96-well plate at a density of 5 ×
103 per well. At the indicated culturing time (24, 48, 72
and 96 h), 10 μl CCK-8 solution was added to each well
and additionally incubated for 2 h at 37 °C. The absor-
bance was detected at the wavelength of 450 nm using

spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). The cell growth curves were plotted by the
absorbance of each time point.

EdU incorporation assay

The RB cell proliferation potential was further evaluated using
the Cell-Light TM EdU DNA cell kit (RiboBio, Guangzhou,
China). Briefly, transfected RB cells were seeded in a 96-well
plate at a density of 1 × 105 per well and cultured with 10 mM
EdU for 2 h. After fixed with 4% paraformaldehyde, cells
were stained with 1 × Apollo567 solution for 30 min in the
dark and the cell nuclei were stained with DAPI solution.
Finally, stained cells were observed and the percentage of
EdU-positive nucleus (red) relatively to blue fluorescent nu-
cleus was calculated under a fluorescent microscope
(Olympus Corporation, Tokyo, Japan).

Cell apoptosis assay

Cell apoptosis was determined using Annexin V-FITC
Apoptosis Detection kit (KeyGEN, Franklin Lake, NJ, USA)
according to the instructions of the manufacturer. In brief,
transfected RB cells were harvested, washed with PBS, and
resuspended in 500 μl of binding buffer containing 5 μl of
Annexin V-fluorescein isothiocyanate (FITC) and 5 μl of
propidium iodide (PI). The apoptotic cells, including
AnnexinV+/PI- and AnnexinV+/PI+, were measured by a
BD Accuri™ C6 flow cytometer (BD Biosciences).

Western blotting

RB cells were harvested and lysed with Cell Lysis buffer
(Beyotime Institute of Biotechnology, Shanghai, China),
following by quantification a bicinchoninic acid assay kit

Fig. 1 MiR-361-5p expression level in RB cells. a MiR-361-5p
expression was significantly decreased in the RB cell lines (Y79 and
SO-RB50) compared with a normal retinal pigment epithelial cell line
(ARPE-19). b The miR-361-5p expression levels in Y79 cells transfected

with miR-361-5p inhibitor and SO-RB50 cells transfected with miR-361-
5p mimics were determined by qRT-PCR. Data are expressed as means ±
SD of three independent experiments. **p < 0.01; ***p < 0.001
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(Beyotime Institute of Biotechnology). A total of 30 μg
protein were subjected to 10% SDS-polyacrylamide gel
electrophoresis and transferred to polyvinylidene
difluoride (PVDF) membranes (Bio-Rad Laboratories,
Inc.). Then, the membranes were incubated with primary
antibodies against CLDN8 (1:1000, ab211439, Abcam,
Cambridge, MA, USA) and GAPDH (1:5000, ab14247,
Abcam) overnight at 4 °C, followed by incubated with
horseradish peroxidase (HRP)-conjugated corresponding
secondary antibody (1:5000, ab151318, Abcam) for 2 h
at room temperature. The protein bands were detected
using the enhanced chemiluminescence (ECL) kit
(Amersham) and visualized by exposure to X-ray film.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 software
(SPSS, Chicago, IL, USA). All data are expressed as the mean
± SD (standard deviation) from at least three independent
experiments. Differences were analyzed with two-tailed
Student’s t test between the groups or one-way analysis of
variance with Dunnett’s post hoc for more than two groups.
All differences were considered to be statistically significant
when p values of less than 0.05.

Data availability The data in this study are available from the
author for correspondence upon reasonable request.

Fig. 2 Effects of miR-361-5p si-
lencing or overexpression on RB
cell proliferation in vitro. The ef-
fects of miR-361-5p silencing in
Y79 cells or overexpression in
SO-RB50 cells on the prolifera-
tion ability were measured by a
CCK-8 assay and b EdU assay.
Data are expressed as means ± SD
of three independent experiments.
**p < 0.01; ***p < 0.001
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Results

The expression of miR-361-5p in RB cell lines

To investigate the biological function of miR-361-5p in RB
in vitro, we first compared the expression of miR-361-5p in
RB cell lines and a normal retinal pigment epithelial cell line
ARPE-19. As a result, miR-361-5p was significantly lower in
Y79 (p < 0.01) and SO-RB50 cells (p < 0.001) compared with
ARPE-19 cells (Fig. 1a). Since miR-361-5p expression was
higher in Y79 cells than SO-RB50 cells, we thus selected Y79
cells for stable transfection with miR-361-5p inhibitor, while
SO-RB50 cells for transfection with miR-361-5p mimics.
Obviously, miR-361-5p expression was markedly decreased
by miR-361-5p inhibitor and significantly increased by miR-
361-5p mimic transfection in Y79 cells than SO-RB50 cells,
respectively, using qRT-PCR analysis (Fig. 1b, p < 0.001).

MiR-361-5p suppressed RB cell proliferation in vitro

Subsequently, we examined the effect of miR-361-5p ex-
pression on cell proliferation in RB cells. Using the CCK-

8 assay (Fig. 2a), the growth curve indicated that miR-
361-5p inhibitor-transfected Y79 cells exhibited a signif-
icant increased proliferation compared with the anti-miR
transfection (p < 0.01), while miR-361-5p mimics trans-
fection exerted the opposite results in SO-RB50 cells
(p < 0.001). Similarly, EdU incorporation assay (Fig. 2b)
revealed that miR-361-5p knockdown markedly promoted
cell proliferation in Y79 cells (p < 0.001), but overexpres-
sion suppressed cell proliferation in SO-RB50 cells
(p < 0.01), as described by the percentage of EdU-
positive cells. Taken together, these results indicated that
miR-361-5p could exert its inhibitory effect on RB cell
proliferation.

MiR-361-5p promoted RB cell apoptosis in vitro

Furthermore, flow cytometry analysis was performed to
analyze cell apoptosis in RB cells. As shown in Fig. 3a,
the percentage of cells in early apoptosis (8.32% ± 0.08%
vs. 6.61% ± 0.02%, p < 0.05) and late apoptosis (12.41%
± 0.08% vs. 7.17% ± 0.11%, p < 0.01) was significantly
reduced from anti-miR to miR-361-5p inhibitor group in

Fig. 3 Effects of miR-361-5p silencing or overexpression on RB cell
apoptosis in vitro. Flow cytometry analysis was performed to analyze cell
apoptosis in aY79 cells after transfected with miR-361-5p inhibitor and b

SO-RB50 cells after transfected with miR-361-5p mimics. Data are
expressed as means ± SD of three independent experiments. *p < 0.05;
**p < 0.01; ***p < 0.001
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Y79 cells. On the contrary, miR-361-5p overexpression
remarkably elevated the percentage of cells from 10.75
± 0.58 to 20.17% ± 0.61% in early apoptosis and from
5.90 ± 0.22 to 10.08% ± 0.13% in late apoptosis in SO-
RB50 cells (Fig. 3b, p < 0.01, p < 0.001). These results
indicated that the enforced overexpression of miR-361-
5p decelerated cell apoptosis, which might be associated
with impaired cell proliferation in RB cells.

CLDN8 is a direct target of miR-361-5p in RB cells

Using algorithm prediction, it was observed that miR-361-5p
targets CLDN8 through a conserved domain within the 3′-
UTR of CLDN8 (Fig. 4a). Next, a luciferase activity assay
was performed to confirm the targeted regulation between
miR-361-5p and CLDN8. As shown in Fig. 4b, restoration
of miR-361-5p expression markedly decreased the luciferase
activity of the Wt CLDN8, but not the Mut CLDN8 in 293T
cells (p < 0.01). We further detected whether the mRNA and
protein expression levels of CLDN8 in RB cells are regulated
by miR-361-5p. As expected, miR-361-5p silencing upregu-
lated, but overexpression downregulated the expression of
CLDN8 in Y79 (Fig. 4c, p < 0.001) and SO-RB50 (Fig. 4d,
p < 0.001) cells, respectively, at both the mRNA and protein
levels. These results revealed that CLDN8 may be a direct
target of miR-361-5p in RB cells.

Knockdown of CLDN8 inhibited cell proliferation
and induced apoptosis in RB cells

Since CLDN8 was a potential target gene of miR-361-5p in
RB cells, we then speculated it might be a positive regulator
for RB cell proliferation. To confirm our hypothesis, SO-
RB50 cells were selected for loss-of-function assays using
siCLDN8 transfection. The knockdown efficiency of
siCLDN8 was evaluated using qRT-PCR and western blot-
ting. The results showed that the expression of CLDN8 was
significantly downregulated at mRNA (Fig. 5a, p< 0.001) and
protein (Fig. 5b) levels in SO-RB50 cells. Similar to miR-361-
5p overexpression, we found CLDN8 knockdown significant-
ly suppressed cell proliferation, as well as promoted cell early
and late apoptosis in SO-RB50 cells, as determined by CCK-8
(Fig. 5c, p < 0.001) and flow cytometry analysis (Fig. 5d,
p < 0.001).

Discussion

Investigation on the precise molecular mechanisms under-
lying RB development and progression are pivotal in de-
veloping more potent therapeutic strategy for RB patients.
In recent decades, miRNAs as a new class of non-coding
RNAs has attracted widespread attention for they are

Fig. 4 CLDN8 was a direct target
of miR-361-5p in RB cells. a The
predicted conserved domain
within the 3′-UTR of CLDN8
with a potential miR-361-5p
binding site was shown. b The
luciferase activity of the Wt-
CLDN8 3′-UTR and Mut-
CLDN8 3′-UTR co-transfected
with miR-361-5p mimics or miR-
NC was detected in 293T cells.
The expression of CLDN8 was
detected by qRT-PCR and west-
ern blot analysis in c Y79 and d
SO-RB50 cells following trans-
fection with miR-361-5p inhibitor
and miR-361-5p mimics, respec-
tively. Data are expressed as
means ± SD of three independent
experiments. **p < 0.01; ***p <
0.001
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responsible for 30–60% protein-coding genes in the human
genome [23]. Among these miRNAs, miR-361-5p has
been reported to be associated with the progression of can-
cer [10–13]. For example, a significant inverse relationship
between miR-361-5p and VEGFA levels was observed in
human cutaneous squamous cell carcinoma [24].
Subsequently, post-transcriptional regulation by miR-361-
5p was involved in the progression of malignancies, in-
cluding prostate cancer, gastric cancer, and cervical cancer.
Similarly, we observed absent/low-expression of miR-361-
5p in RB cells. The anti-tumor effect of miR-361-5p vali-
dated by both gain and loss-of function assays further sup-
ports its role as a tumor suppressor in RB cell proliferation.
Moreover, miR-361-5p binds to the 3′-UTR of CLDN8 to
direct its posttranscriptional depression. Silencing of
CLDN8 could partially imitate the suppressive effects of
miR-361-5p overexpression on RB cell proliferation,
which suggests that miR-361-5p might inhibit the growth
of RB cells through targeting CLDN8.

CLDNs are protein components of many epithelial tight
junctions and play an indispensable role for the
paracellular barrier in mammalian epithelial cell sheets
[25]. Moreover, tight junctions controlling cell differentia-
tion and proliferation through coordinate multiple

signaling and trafficking have been studied in recent years
[14]. The notable features of CLDNs include two extracel-
lular loops, a N- and C-cytoplasmic domains [25]. Note
that tail of the C-terminal cytoplasmic domain has an effect
on tight junction barrier properties through regulation of
protein stability [26]. Furthermore, C-terminus has a
PDZ-binding motif, which binds to PDZ domain proteins
such as ZO-1, ZO-2, and ZO-3 [27]. Interestingly, ZO-1
and ZO-2 have been shown to be involved in proliferation,
apoptosis, as well gene expression [28–30]. Consistently
with these evidences, we further found CLDN8 contributes
to prostate cancer and osteosarcoma cells proliferation.
Mechanically, Ashikari et al. [22] showed that phosphory-
lation of Akt and ERK1/2 is inactivated by deficiency of
CLDN8. Both serine–threonine protein kinase Akt (also
known as PKB) and ERK1/2 play key roles in mediating
signal transduction processes [31, 32]. In the present study,
we found that miR-361-5p negatively regulates the tran-
scriptional and translational levels of CLDN8. Therefore,
we supposed that the tight junction barrier function and
multiple signaling pathways in RB cells might be dis-
turbed, leading to a significant diminution in cell prolifer-
ation and survival, which needed to be further validated in
our next experiments.

Fig. 5 Effects of CLDN8 knockdown on RB cell proliferation and
apoptosis. SO-RB50 cells were transfected with siCLDN8 or siNC, re-
spectively. The expression of CLDN8was detected using a qRT-PCR and
b western blot analysis. c CCK-8 assay was performed to determine cell

proliferation. d Flow cytometry analysis was performed to analyze cell
apoptosis. Data are expressed as means ± SD of three independent exper-
iments. ***p < 0.001
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Conclusions

In conclusion, miR-361-5p emerges as a tumor suppressor in
RB through inhibiting CLDN8. Despite the precise mecha-
nism for regulating RB cells proliferation and apoptosis by
miR-361-5p/CLDN8 axis remains to be investigated, the tu-
mor suppression of miR-361-5p in RB cells may serve as a
basis for the exploration of new potential strategies.
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