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Background: Long noncoding RNAs (IncRNAs) are dysregulated and play an important
role in the tumorigenesis and progression of cancers. However, the potential roles of
SNHG16 in retinoblastoma progression still remain largely unclear.

Materials and methods: The expression levels of SNHG16, miR-182-5p, miR-128-3p and
LASP1 in retinoblastoma tissues and cell lines were detected using qRT-PCR. The migratory
and invasive abilities of retinoblastoma cells were assessed using Transwell assay. The
regulatory relationships among SNHG16, miR-182-5p, miR-128-3p and LASP1 were ana-
lyzed through bioinformatics prediction and validated by luciferase reporter assay and
Western blot.

Results: Here, we demonstrated that SNHG16 was frequently up-regulated in retinoblas-
toma tissue samples and cell lines. Clinicopathological features showed that high levels of
SNHG16 were significantly associated with retinoblastoma metastasis and predicted poor
overall survival. Functional studies demonstrated that knockdown of SNHG16 suppressed
retinoblastoma cell migration and invasion. Mechanistic investigation revealed that SNHG16
exerted its oncogenic activity through increasing LASP1 expression and sponging
miR-182-5p and miR-128-3p.

Conclusion: Taken together, our findings suggest SNHG16 as a novel biomarker and
therapeutic target against retinoblastoma.
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Introduction
Retinoblastoma is the most common childhood intraocular malignancy and approxi-
mately 8000 cases are diagnosed yearly worldwide.! In United States, there were
3540 new estimated cases and 350 deaths with eye and orbit cancer in 2018.
Choroidal invasion in retinoblastoma eyes is commonly observed pathologically.
Tumor invasion was initiated from the retina to the sclera and post-laminar optic
nerve and even metastasize to the central nervous system for late-stage
retinoblastoma.® Once diagnosed with metastasis, the overall survival of patients
was significantly deteriorated. Hence, it is urgent to understand the molecular
mechanisms and develop novel therapeutic strategies for retinoblastoma treatment.
Long noncoding RNAs (IncRNAs) are dysregulated and act as key regulators of
several hallmarks of cancer biology, including cell growth, metastasis and drug
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resistance.* ®© LncRNAs could function as competing
endogenous RNA (ceRNA) or “RNA sponges” of
miRNAs and reduce their regulatory effect on target
mRNA and target mRNA-mediated biological processes.’
Recent advancements in surveying IncRNA functions sug-
gest that IncRNAs hold strong promise as novel biomar-
kers and therapeutic targets for cancer.

SNHG16 (small nucleolar RNA host gene 16) is a
processed long noncoding RNA with a length of 7585
17925.1.
SNHG16 was first reported to be up-regulated in colorectal

nucleotides and located on chromosome
cancer and silencing of SNHG16 suppressed cell viability
and migration and increased apoptotic cell death.® In eso-
phageal squamous cell carcinoma, high SNHG16 expres-
sion level is an independent predictor of poor survival and
promotes cell proliferation and invasion by regulating
Whnt/B-catenin signaling pathway.” These findings suggest
an oncogene role of SNHGI16 in certain tumors.
Accumulating evidence demonstrate that SNHG16 can
act as ceRNA to regulate target gene expression through
sponging several miRNAs, including miR-520d-3p, miR-
135a, miR-195, miR-146a-5p and miR-373."%"'* However,
the potential functions of SNHG16 in retinoblastoma are
still largely unknown.

The purpose of this study was to investigate the expres-
sion profile, clinical significance and functional roles of
SNHGI16 in retinoblastoma and to also explore the under-
lying mechanism in which SNHG16 affects the progres-
sion of retinoblastoma. We found that SNHG16 was
commonly up-regulated in retinoblastoma tissues and cell
lines and significantly associated with retinoblastoma
metastasis. Further studies revealed that SNHG16 pro-
moted migration and invasion of retinoblastoma cells

through sponging miR-182-5p and miR-128-3p.

Materials And Methods
Patients And Samples

Seventy-six human retinoblastoma specimens (42 males
and 34 females, aged from 5 months to 15.2 years and
averaged 4.8 years) and 15 normal retina tissues (9 males
and 6 females, aged from 4.4 to 14.6 years and averaged
6.7 years) were collected from Cangzhou Central
Hospital between 2013 and 2017. According to the inter-
national classification of retinoblastoma (ICRB), stages
I-V of retinoblastoma patients were 8, 7, 36, 18 and 7,
respectively. As most retinoblastoma patients were
infants, radiotherapy and/or chemotherapy will cause

serious physical injury. The routine treatment for retino-
blastoma patients is enucleation. Tumor samples were
collected during enucleation surgery and normal retina
tissues were mainly obtained from the donation of acci-
dental death. None of the subjects had received any pre-
operative radiotherapy and/or chemotherapy. Histological
and pathological diagnoses of these specimens were con-
firmed and classified by two experienced clinical pathol-
ogists. Median follow-up time was 18.0 months (range
1.0-58.0 months). Written

obtained from all patients and the study was carried out

informed consent was
in accordance with Declaration of Helsinki and approved
by the Ethics Committee of Cangzhou Central Hospital
(No. 2017-069).

Cell Culture And Transfection

Human retinoblastoma cell lines WERI-RB1, SO-RB50,
Y79 and human retinal pigment epithelial cell line ARPE-
19 were purchased from the American Type Culture
Collection (ATCC) and maintained in RPMI-1640 medium
(Gibco) supplemented with 10% fetal bovine serum (FBS,
Hyclone) under a humidified atmosphere at 37 °C with 5%
CO,. 293T cells were purchased from the Chinese
Academy of Sciences Cell Bank (Shanghai, China) and
cultured in Dulbecco’s Modified Eagle’s Medium (Gibco).
SNHG16-specific siRNA (si-SNHG16), siRNA negative
control (si-NC), miR-182-5p mimics, miR-128-3p mimics,
miR-182-5p inhibitor (miR-182-5p in), miR-128-3p inhi-
bitor (miR-128-3p in) and miRNA negative control
(miRNA NC) were
(GenePharma, Shanghai, China). The transfection was

synthesized by GenePharma

performed using Lipofectamine 2000 (Invitrogen, USA)

according to the manufacturer’s instructions.

Cell Migration And Invasion Assays

Cell migration and invasion assays were determined
(BD
Biosciences, Bedford, MA, USA). For migration assay,

through transwell chamber (8 uM pore size,

cells were plated into the upper chamber. For invasion
assay, cells were added into the upper chamber pre-coated
with 50 uLL Matrigel (BD Biosciences) and cultured with
serum-free medium. The lower chamber was filled with
RPMI-1640 medium containing 20% FBS. After 24 hrs,
the invaded cells were fixed and stained with 1% crystal
violet. The migrated and invaded cells were counted under

a microscope (Olympus, Tokyo, Japan).

submit your manuscript

8654

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Yang et al

RNA Isolation And qRT-PCR

Total RNA from the retinoblastoma tissues and cell lines
was extracted using TRIzol reagent (Ambion, Life
Technologies). Total RNA was reverse-transcribed with
the PrimeScript RT reagent kit (Promega, Madison, WI,
USA). Determinations of SNHG16, mRNA and miRNAs
were performed with the SYBR Premix ExTaq (TaKaRa)
and Mir-X miRNA First Strand Synthesis Kit (TaKaRa),
respectively. B-actin and U6 were used as the normaliza-
tion controls for SNHG16, mRNA and miRNAs, respec-
tively. The relative expression levels were calculated using
2724CT method.

Western Blot Analysis

Cells were lysed in RIPA buffer. Equal amounts of protein
samples were separated using 10% SDS-PAGE gels and
transferred to PVDF membranes (Millipore). The mem-
branes were incubated with primary antibodies (E-cad-
herin, N-cadherin, vimentin, LASP1 and f-actin)
(1:1000; Cell Signaling Technology) at 4 °C overnight,
respectively. Then, the membranes were incubated with
secondary antibodies at room temperature for 2 hrs.
Protein bands were detected with chemiluminescence,
and the protein expression levels were normalized to
B-actin.

Immunohistochemical Staining

Tissues were formalin-fixed, paraffin-embedded (4 pm),
and the of LASP1 (1:250; Cell
Technology) were analyzed following the standard proto-

levels Signaling
col. Stained tissue sections were evaluated separately by
two pathologists.

Luciferase Reporter Assay

A fragment of the wild and mutant reporter plasmids
of SNHGI16 (WT-182-SNHG16, Mut-182-SNHGI6,
WT-128-SNHG16, Mut-128-SNHG16) and LASPI
(WT-182-LASP1, Mut-182-LASP1, WT-128-LASPI,
Mut-128-LASP1) containing the putative binding sites
for miR-182-5p or miR-128-3p were
(GenePharma)
psiCHECK-2 vectors (Invitrogen). For luciferase assay,

synthesized

by GenePharma and cloned into

cells were co-transfected WT or Mut reporter with
miRNA mimics or miRNA NC. After 48-hr transfection,
luciferase activity was determined using a Dual
Luciferase Reporter Assay Kit (Promega, Madison,

WI, USA).

Statistical Analysis

All data were expressed as the mean + standard deviation
(SD) and each experiment was performed in triplicate at
least. The differences between groups were analyzed by
two-tailed Student’s #-test or one-way ANOVA using
Graphpad Prism 5 software (GraphPad, San Diego, CA,
USA). A p value < 0.05 was considered statistically
significant.

Results

SNHGI 6 Is Significantly Up-Regulated In
Retinoblastoma And Associated With

Poor Prognosis

To investigate the functional roles of SNHG16 in the
development of retinoblastoma, the expression levels of
SNHG16 in 76 retinoblastoma tissues and normal retina
tissues were determined using qRT-PCR. The results
showed that SNHG16 was elevated in most retinoblastoma
tissues (58/76, 76.31%) when compared with non-tumor
tissues (Figure 1A and B). Additionally, clinicopathologi-
cal feature analysis results demonstrated that up-regulated
SNHG16 expression was positively correlated with TNM
stage (p=0.004), choroidal invasion (p=0.011) and optic
nerve invasion (p=0.009; Table 1). Kaplan—Meier analysis
and log rank test revealed that elevated SNHG16 level was
markedly associated with poor overall survival of retino-
blastoma patients (p=0.006; Figure 1C). SNHG16 expres-
sion was also up-regulated in retinoblastoma cell lines
compared with normal retina cell lines (Figure 1D).
These results indicated that SNHG16 may play an impor-
tant role in retinoblastoma metastasis.

Knockdown Of SNHG16 Inhibits
Migration And Invasion Of SO-RB50 And
Y79 Cells

Next, we determined whether SNHG16 could regulate cell
migration and invasion of retinoblastoma cells. The speci-
fic siRNA of SNHG16 significantly decreased the expres-
sion level of SNHGI6 in SO-RB50 and Y79 cells
(Supplementary Figure 1). The migratory and invasive

abilities of retinoblastoma cells were assessed using
Transwell migration and invasion assays. We observed
strong inhibition of cellular migration and invasion follow-
ing SNHG16 knockdown relative to control cells
(Figure 2A-D). In addition, knockdown of SNHGI16
increased E-cadherin expression and decreased N-cadherin

OncoTargets and Therapy 2019:12

submit your manuscript

8655

Dove


https://www.dovepress.com/get_supplementary_file.php?f=212352.pdf
http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

Rel ative expression of SNHG16
(Retinoblastoma/Normal retina, log2)

Overall survival

ok

(=3

[}
]

X

=~ 80-

<

Z  o-

g

-

2 40-

= Logrank p=0.0057

§ 204 —— High SNHG16

o —— Low SNHGI16

m 0 L) L] | I I 1
0 10 20 30 40 50 60

Months

o

—(

&)

=

Z

N

S 3-

=

S

2 27

g —

” 1-

5

%)

2

S0 .

& & &

< ¥
> N
& &>
<® &
Q.
D e

QO 6-

g6

z

wn

s

= 4

2

2

St

& 24 e

-5}

-5} -_

>

=

< 04— .

& S » N 9
& & &
\o 4\@ %O

Figure | SNHGI6 was significantly up-regulated in retinoblastoma and associated with poor prognosis.

Notes: (A) and (B) qRT-PCR analysis of SNHG6 expression in 76 retinoblastoma tissues compared with non-tumor retina tissues. (C) Kaplan—-Meier survival analysis
indicated that overall survival in the patients with high SNHG16 was significantly shorter than that in the patients with low SNHG16, p = 0.006. (D) qRT-PCR analysis of
SNHGS6 expression in retinoblastoma cell lines and human retinal pigment epithelial cell line. Data are expressed as mean + SD of three independent experiments. **p<0.01

compared with the control group.

and vimentin expression in both SO-RB50 and Y79 cells
(Figure 2E and F). These findings suggested that SNHG16
promotes migration and invasion of retinoblastoma cells.

SNHG16 Directly Binds To miR-182-5p
And miR-128-3p

Given that IncRNAs could bind to different miRNAs and
regulate downstream genes, we found that the 3'UTR of
SNHG16 contains binding sites of miR-182-5p and
miR-128-3p predicted through starBase (http://starbase.
sysu.edu.cn/) (Figure 3A). miR-182-5p and miR-128-3p
expression levels in retinoblastoma tissues were determined
using qRT-PCR. The results showed a down-regulation of

miR-182-5p and miR-128-3p in retinoblastoma (Figure 3B).
Pearson correlation analysis revealed that SNHG16 expres-
sion was negatively correlated with miR-182-5p and
miR-128-3p in retinoblastoma (Figure 3C). Knockdown of
SNHGI16 increased miR-182-5p and miR-128-3p expres-
sion in retinoblastoma cells (Figure 3D). Conversely, trans-
fection with miR-182-5p and miR-128-3p mimics also
decreased SNHG16 expression (Figure 3E). We further
validated the target relationship between SNHG16 and
miR-182-5p or miR-128-3p using luciferase reporter assay.
Co-transfection miR-182-5p or miR-128-3p mimics with
SNHG16 3'UTR WT vector significantly decreased lucifer-
ase activity compared with miRNA negative control or
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Table | SNHGI6 Expression And Clinicopathologic Features Of
Retinoblastoma Patients

Features Number | SNHGI16 P-value
expression
High Low

Gender 0.568
Male 4?2 31 I
Female 34 27 7

Age at diagnosis 0.889
25 60 46 14
<5 16 12 4

Tumor size (mm) 0.083
<10 33 22 ]
2|0 43 36 7

Tumor laterality 0.824
Unilateral 49 37 12
Bilateral 27 21 6

Differentiation grade 0.597
Well/moderately 51 38 13
Poor 53 20 5

Choroidal invasion 0.011
Yes 35 22 13
No 41 34 5

Optic nerve invasion 0.009
Yes 33 30 3
No 43 28 I5

TNM stage 0.004
-l 29 17 12
-v 47 41 6

Note: High: 2 level in normal retina tissues; low: < level in normal retina tissues.

SNHG16 3'UTR Mut vector (Figure 3F). These results
indicate that SNHG16 directly interacts with miR-182-5p
and miR-128-3p.

To explore whether miR-182-5p and miR-128-3p could
regulate retinoblastoma metastasis, SO-RB50 and Y79
cells were transfected with miR-182-5p and miR-128-3p
mimics or miRNA negative control and the relative
expressions of miR-182-5p and miR-128-3p were deter-
mined using gRT-PCR (Supplementary Figure 2).

Inhibited cell migrations were observed in SO-RB50 and
Y79 cells induced by overexpression of miR-182-5p or
miR-128-3p (Figure 3G). Consistent with this observation,
transfection with miR-182-5p and miR-128-3p mimics
also decreased the number of cells to invade through a
layer of extracellular matrix. Additionally, miR-182-5p or
miR-128-3p inhibitor attenuated the effects of SNHG16 on

migration and invasion in SO-RB50 and Y79 cells
(Figure 3H). The results suggest that miR-182-5p and
miR-128-3p function as a tumor suppressor and mediate
SNHGI16-induced metastasis in
retinoblastoma.

the progression of

SNHG16 Promotes The Migration And
Invasion Of Retinoblastoma By Sponging
miR-182-5p And miR-128-3p To Regulate
LASPI

According to previous studies and our bioinformatics ana-
lysis, we found that LASP1 was closely related to the
migration and invasion of retinoblastoma cells. LASPI
was up-regulated in both retinoblastoma cells and tissues
(Figure 4A and B) and knockdown of LASPI1 inhibited
migration and invasion of retinoblastoma cells (Figure 4C
and D). As shown in Figure 4E, the 3'UTR of LASP1 was
predicted to sponge to miR-182-5p and miR-128-3p by
TargetScan, starBase and microRNA.org. To verify these
predicted relationships, luciferase reporter assay was per-
formed. The luciferase activity of LASP1 3'UTR WT
reporter vector, but not Mut vector, was obviously reduced
after transfected with miR-182-5p or miR-128-3p mimics
compared with miRNA negative control (Figure 4F).
Western blot result demonstrated that knockdown of
SNHG16 decreased LASP1 expression level, but LASP1
was increased following by transfection with miR-182-5p
or miR-128-3p inhibitor compared with miRNA NC or si-
SNHG16 group (Figure 4G). Taken together, the results
indicate that SNHG16 decoyed miR-182-5p or miR-128-
3p to facilitate LASP1-mediated migration and invasion in
retinoblastoma.

Discussion

SNHG16 was frequently up-regulated and has been iden-
tified as oncogene in most human cancers, yet its function
in the pathogenesis of retinoblastoma is unclear. In this
study, we found that SNHG16 was significantly highly
expressed in retinoblastoma tissues and cell lines com-
pared with normal controls. We also observed that a high
level of SNHG16 was associated with poor prognosis of
patients with retinoblastoma. Clinicopathological features
further revealed that up-regulated SNHG16 expression
was positively correlated with TNM stage, present chor-
oidal invasion and present optic nerve invasion. These
findings indicated that SNHG16 may exert its oncogene
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15-17

role through promoting cell metastasis in the progression  crucial process responsible for cancer metastasis.

of retinoblastoma. Knockdown of SNHG16 also regulates the expression of

Tumor metastasis causes more than 90% of cancer cell ~ E-cadherin, N-cadherin and vimentin. These results sug-

mortality. Consistent with the previous reports, we
siRNA for
SNHG16 obviously decreased the migratory and invasive

observed that transfection with specific

abilities of retinoblastoma cells compared with negative
control. Epithelial-mesenchymal transition (EMT) is a

gest an important role of SNHGI16 in the retinoblastoma
metastasis.

We identified that miR-182-5p and miR-128-3p were
down-regulated in retinoblastoma, negatively correlated
with SNHG16 expression. Overexpression of miR-182-5p
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Notes: (A) LASPI level in retinoblastoma specimens and normal retina tissues determined using qRT-PCR and Immunohistochemical staining (magnification X200, scale bar:
50 pm). (B) LASPI level in retinoblastoma cell lines and human retinal pigment epithelial cell line determined using qRT-PCR. (C) and (D) Transwell assay results
demonstrated that knockdown of LASP| suppressed cell migration and invasion in RB50 and Y79 cells. (E) The predicted binding sites of LASP| for miR-182-5p and miR-
128-3p using TargetScan. (F) Luciferase activity of 293T cells co-transfected with either wild-type or mutant LASPI luciferase vectors with miR-182-5p and miR-128-3p
mimics or miRNA negative. (G) RB50 and Y79 cells were co-transfected si-SNHG 1 6, si-NC with miR-182-5p inhibitor, miR-128-3p inhibitor or miRNA negative. LASP| level
was determined using Western blot. Data are expressed as mean * SD of three independent experiments. **p<0.0] compared with the control group.

or miR-128-3p inhibited cell migration and invasion of
retinoblastoma cells. Further investigation illuminated that
miR-182-5p and miR-128-3p interacted and regulated
SNHG16 expression. In the previous studies, miR-182-5p
was reported to function as a tumor suppressor of cancer
metastasis  through regulating RAB27A, FOXO3a,
ARRDC3, PTEN and Cofilin 1."2' Dysregulated
miR-182-5p was also involved in nonalcoholic steatohepa-
titis, chondrogenesis, lupus nephritis and cerebral ischemia-
reperfusion injury.* ¢ Several studies also indicated that
miR-128-3p was down-regulated in several types of cancer,
and restoration of miR-128-3p inhibited cell migration and
invasion. For example, miR-128-3p inhibits metastasis and
EMT by targeting ZEB1 in esophageal squamous cell can-
cer, reduces the migration and invasion ability of glioma
through regulating GREMI and

cell suppresses

osteosarcoma proliferation and metastasis by reducing
VEGFC.?%° miR-128-3p also plays a key role in regulat-
ing the development and progression of rheumatoid arthri-
tis, type 2 diabetes and atrial fibrillation.* 2

LIM and SH3 protein 1 (LASP1) was located at 17q12
and initially identified in breast cancer metastatic lymph
nodes.” Recent studies have suggested that LASP1 is an
important prognostic marker and associated with tumor
size, stage and metastasis in different tumors.>* LASPI
has been identified as the target gene of many miRNAs
regulating metastasis, such as miR-133ab, miR-29ab,
miR-1, miR-203 and miR-218>>*" In this study, we
observed that SNHG16 promoted migration and invasion
of retinoblastoma cells by regulating LASP1 via competi-
tively sponging miR-182-5p and miR-128-3p. LASP1 pro-
moting retinoblastoma metastasis may be through its
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interaction with cytoskeleton and increased nuclear translo-
cation of CXCR1-4, UHRF1 and AP-1.42%4 However, the
detailed mechanisms still need to be further investigated.

Conclusion
In summary, we identified SNHG16 as a metastasis-speci-

fic oncogenic IncRNA in retinoblastoma and revealed a

novel ceRNA regulatory pathway in which SNHG16

increased LASP1 expression by sponging miR-182-5p
and miR-128-3p. Thus, SNHG16 is a novel biomarker
and therapeutic potential target against retinoblastoma.
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