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LncRNA PVT1 knockdown affects proliferation
and apoptosis of uveal melanoma cells

by inhibiting EZHZ2
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Abstract. — OBJECTIVE: To detect the ex-
pression of long non-coding ribonucleic acid (In-
cRNA) plasmacytoma variant translocation gene
1 (PVT1) in uveal melanoma (UM) tissues, and to
investigate its influence on the proliferation and
apoptosis of UM cells as well as its mechanism.

PATIENTS AND METHODS: 40 cases of UM
tissues and 40 cases of adjacent tissues surgi-
cally resected in our hospital from October 2015
to April 2018 were collected. The expression lev-
el of IncRNA PVT1 in these tissues was deter-
mined by Reverse Transcription-Polymerase
Chain Reaction (RT-PCR). Stable knockdown of
IncRNA PVT1 was constructed in human UM cell
line OCM-1 using small interfering RNA (siRNA).
The impact of IncRNA PVT1 on UM cell prolifer-
ation was detected by Cell Counting kit-8 (CCK-
8) and colony formation assay. Flow cytometry
was applied to measure the apoptotic level of
UM cells in the blank control group and IncRNA
PVT1 knockdown group. Meanwhile, the expres-
sion level of enhancer of zeste homologue 2
(EZH2) was determined by Western blotting.

RESULTS: The expression level of IncRNA
PVT1 in UM tissues was remarkably higher than
that in the adjacent tissues (p<0.05). UM cell
proliferation was notably repressed after In-
cRNA PVT1 knockdown by siRNA. Flow cytom-
etry results indicated that the number of apop-
totic UM cells in IncRNA PVT1 knockdown group
significantly increased compared with that in
the blank control group (p<0.05). The protein ex-
pression of EZH2 was suppressed after IncRNA
PVT1 knockdown (p<0.05).

CONCLUSIONS: LncRNA PVT1 knockdown
in UM cells can repress the proliferation of UM
cells and promote their apoptosis by regulating
EZH2 expression.
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Introduction

Uveal melanoma (UM) is the most common pri-
mary intraocular tumor in adults, accounting for
about 5% among various melanomas'. Although it is
not common in the general population, with an inci-
dence rate of merely 5.1/1,000,000, the disease poses
great threats to visual acuity and even life*>. Approx-
imately a half of patients with primary UM expe-
rience tumor metastasis, of which the most com-
mon route of metastasis is vascular dissemination®.
Currently, significant progress has been achieved
in the diagnosis of primary UM, and the diagnostic
accuracy of choroidal melanoma exceeds 99%*. Al-
though the local recurrence of primary UM can be
effectively prevented by chemotherapy, radiothera-
py and enucleation of eyeballs, efficacious therapeu-
tic method for metastatic UM is lacking. Moreover,
the 5-year survival rate of UM patients has not been
significantly improved over the past 40 years’.

Enhancer of zeste homologue 2 (EZH2), a
member of the polycomb group (PcG), can regu-
late cell cycle through nucleosome modification,
chromatin remodeling and interaction with other
transcription factors. Its expression will be de-
layed once the tissues maturate or differentiate®’.
Studies have manifested that the overexpression
of EZH2 is closely related to the proliferation and
poor prognosis of many tumor cells, such as breast
cancer, endometrial cancer, prostate cancer and
UM*!°, Therefore, EZH2 may be a potential tar-
get for treatment of UM. Long non-coding ribo-
nucleic acids (IncRNAs) are RNA molecules with
a transcript length of over 200 nucleotides'. Ln-
cRNAs themselves cannot encode corresponding
proteins in cells, but they can regulate expressions
of the corresponding target genes at post-tran-
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scriptional level, epigenetic level and others, ulti-
mately affecting the occurrence and development
of diseases'. The roles of IncRNA plasmacytoma
variant translocation gene 1 (PVT1), a member of
IncRNA family, in the occurrence and develop-
ment of UM have not been reported yet.

In this research, the expression level of In-
cRNA PVTI in the clinical specimens of UM
patients was detected first. Potential regulatory
effects of IncRNA PVTI on UM cell proliferation
and apoptosis were discussed by designing in vi-
tro experiments in UM cell line OCM-1.

Patients and Methods

Tissue Specimens

40 cases of UM specimens and 40 cases of ad-
jacent tissue specimens surgically resected in our
hospital from October 2015 to April 2018 were
collected. After washing with normal saline, all
the specimens were cut into pieces and put into
Eppendorf (EP) tubes, which were then stored in
a refrigerator at -80°C. All these procedures were
approved by the Medical Ethics Committee of the
Tianjin Medical University Eye Hospital.

Materials

Human UM cell line OCM-1 was purchased
from the Institute of Microbiology, Chinese
Academy of Sciences (Shanghai, China). Phos-
phate-Buffered Saline (PBS), trypsin, fetal bo-
vine serum (FBS) and Roswell Park Memori-
al Institute-1640 (RPMI-1640) medium were
bought from Gibco (Grand Island, NY, USA);
small interfering RNA (siRNA) from Guge
Bio-Technology Co., Ltd. (Wuhan, China).
OCM-1 cells were cultured in a cell incubator
with 5% CO, at 37°C, and subjected to digestion
and subculture with 0.25% trypsin-ethylenedi-
amine tetraacetic acid (EDTA) (Thermo Fisher
Scientific, Waltham, MA, USA).

PVT1 Knockdown

OCM-1 cells in logarithmic growth phase were
immediately digested and inoculated in a 6-well
plate. 12 h later, cells with the confluence of 60-
80% were washed with serum-free medium 2-3
times and subjected to serum starvation for syn-
chronous growth. Next, PVTI siRNA was dis-
solved in RNase-free deionized water at a final
concentration of 20 umol/L. Cells were divided
into 2 groups, namely, control group [negative
control (NC)-siRNA group] and OCM-1 knock-

down group (OCM-1 siRNA group). The pre-
pared transfection solution was added into each
well, mixed sufficiently and cultured for another 6
h. The complete medium was replaced. The base
sequences of OCM-1 siRNA were as follows:
Forward: 5>-GAACGTGAAAGGGAATT-3’, Re-
verse: 5’-AACGTGAATTGACACCCTTT-3.

Detection of Expression of Relevant
Genes Via Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

(1) Total RNA in the tissues or cells was ex-
tracted using TRIzol reagent method (Invitrogen,
Carlsbad, CA, USA), whose concentration and
purity were measured using an ultraviolet spectro-
photometer. RNA sample with A260/A280=1.8-
2.0 was eligible for use. (2) The mRNA was syn-
thesized into complementary deoxyribonucleic
acid (cDNA) through reverse transcription, and
the cDNA was stored in the refrigerator at -80°C.
(3) RT-PCR system: 2.5 uL 10x Buffer, 2 pL
cDNA, 0.25 pL forward primer (20 umol/L), 0.25
uL reverse primer (20 pmol/L), 0.5 uL. dNTPs (10
mmol/L), 0.5 uL Taq polymerase (2x10° U/L) and
19 uL ddH.O.

Western Blotting Assay

(D) Cells were washed with PBS 3 times. (2)
1,000 pL lysis buffer was added into each dish
and shaken sufficiently for 20 min. (3) Cells on
the bottom of the dish were completely scrapped
using a brush and collected into the prepared Ep-
pendorf (EP; Eppendorf, Hamburg, Germany)
tubes. (4) The harvested cells were lysed with
an ultrasonication instrument for about 15 s.
(5) After standing for 15 min, cells were centri-
fuged at 12,000 r/min for 0.5 h. (6) The super-
natant was taken and subpackaged into the EP
tubes. The protein concentration was measured
by bicinchoninic acid (BCA) method and ultra-
violet spectrophotometric assay, and the volume
of all sample proteins was maintained at an equal
concentration. (7) Proteins were subpackaged
and preserved in the refrigerator at -80°C. Total
protein of UM cells was extracted and subject-
ed to sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE). After that, the
protein was transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, Biller-
ica, MA, USA). Membranes were incubated with
primary antibody at 4°C overnight, and goat-an-
ti-rabbit secondary antibody in the dark for 1 h
at the other day. Band exposure was developed
using an Odyssey membrane scanner. The protein
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level was normalized to that of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Colony Formation Assay

Cells in each group were cultured into the
logarithmic growth phase and digested into sin-
gle-cell suspension with 0.25% trypsin, ensuring
a proportion of single cells >95%. Next, the cell
suspension was inoculated into the 6-well plate,
with about 500 cells in each well. Subsequently,
each well was added with 2 mL RPMI-1640 me-
dium, and the liquid was replaced every 48 h. 10
d later, cells were fixed in paraformaldehyde and
stained with crystal violet, and the number of col-
onies in each well was calculated.

Detection of Cell Apoptosis
Via Flow Cytometry

UM cells in the logarithmic growth phase
were digested, prepared into suspension with
0.25% trypsin-EDTA, and seeded into a 6-well
plate. Loading was performed according to the
operation steps in the cell apoptosis detection
kit Annexin V-FITC (fluorescein isothiocyanate)
Propidium lodide (PI) (Beyotime, Shanghai, Chi-
na), and the apoptotic rate was calculated.

Cell Counting Kit-8 (CCK-8)
Proliferation Assay

Cells in the logarithmic growth phase were
inoculated into a 96-well plate and cultured in
the incubator with 5% CO, at 37°C for 0, 24, 48
and 72 h, respectively. Subsequently, cells were
incubated with RPMI-1640 containing 10% Cell
Counting Kit-8 (CCK-8) reagent (Dojindo, Ku-
mamoto, Japan) in the dark. After that, 110 puL de-
veloping reagent was added into each well of the
96-well plate and incubated at 37°C for 2 h. The
absorbance at 450 nm in each group was detected
using the ultraviolet spectrophotometer.

5-Ethynyl-2 -Deoxyuridine (EdU) Staining

At 24 h after PVT1 knockdown in OCM-1 cells,
Click-iT EdU staining kit (Invitrogen, Carlsbad,
CA, USA) was applied to stain the OCM-1 cells
according to the procedures. After that, cells in
3 randomly selected fields in each sample were
photographed using a fluorescence microscope
for counting EdU-positive cells.

Statistical Analysis

Data were analyzed using Statistical Prod-
uct and Service Solutions (SPSS) 22.0 software
(IBM, Armonk, NY, USA), and expressed as

mean =+ standard deviation. The #-test was per-
formed for comparison of data between the two
groups. p<0.05 suggested that the difference was
statistically significant.

Results

LncRNA PVTI1 Expression in Carcinoma
and Adjacent Tissues of UM Patients

First of all, the expression level of IncRNA
PVTI in carcinoma and adjacent tissues of UM
patients was measured. As shown in Figure 1,
RT-PCR results showed that the expression level
of IncRNA PVT1 in UM tissues was remarkably
higher (about 9.96 times) than that in the adjacent
tissues (p<0.05).

Immunohistochemical Staining Results
for EZHZ in Carcinoma and Adjacent
Tissues of UM Patients

EZH2 expression in carcinoma and adjacent
tissues of UM patients was detected via immuno-
histochemical staining. It was indicated that the
expression level of EZH2 in UM carcinoma tis-
sues was markedly elevated compared with that
in adjacent tissues, suggesting that EZH2 may be
a pro-oncogenic protein in UM (Figure 2).
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Figure 1. LncRNA PVTI expression in carcinoma and ad-
jacent tissues of UM patients. Adj.: adjacent tissue, Carcino-
ma: carcinoma tissue, *p<0.05 vs. Adj., with a statistically
significant difference.
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Figure 2. Immunohistochemis-
try for EZH2 in carcinoma and
adjacent tissues of UM patients
(Magnification x 100). Adj.: ad-
jacent tissue, Carcinoma: carci-
noma tissue.
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Identification of UM Cell Lines with
LncRNA PVT1 Knockdown

LncRNA PVTI in UM cell line OCM-1 was
knocked down by si-RNA transfection. The re-
sults manifested that OCM-1 cells transfected
with si-PVTI1 had a markedly higher expression
level of IncRNA PVTI than those transfected
with si-negative control (NC) (p<0.05, Figure
3), indicating that UM cells with IncRNA PVT1
knockdown were successfully constructed.

CCK-8 Proliferation Assay

According to the results of CCK-8 assay, the
UM cell proliferation was markedly repressed in
the si-PTVI1 group at 24, 48 and 72 h, revealing
that IncRNA PVT1 knockdown can inhibit the
proliferation of UM cells (p<0.05, Figure 4).

EdU Staining Results for UM Cells
in Each Group

Moreover, UM cell proliferation in each group
was assessed by EdU staining. It was shown that
the proportion of EdU-positive cells in the si-
PVTI1 group was evidently lower than that in the
si-NC group (p<0.05, Figure 5).

Colony Formation Assay Results for UM
Cells in Each Group

As shown in Figure 6, the effects of IncRNA
PVTI1 knockdown on the clonogenic capacity of
UM cells were examined through colony forma-
tion assay. It was indicated that the clonogenic
capacity of UM cells remarkably declined after
IncRNA PVTI was silenced. The number of col-
onies formed in the si-NC group and si-PTV1
group was (265.56+6.82) vs. (44£5.82), respec-
tively (p<0.05).

Apoptotic Cells Detected Via Flow
Cytometry

The number of apoptotic cells in each group
was further determined using flow cytometry.
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The results indicated that the apoptotic rate of UM
cells in the si-NC group and si-PVT1 group were
(18.12+1.41)% wvs. (53.18%£2.21)%, respectively
(p<0.05, Figure 7), revealing that the knockdown
of IncRNA PVTI gene accelerated the apoptosis
of UM cells.

Effects of LncRNA PVT Knockdown on
EZHZ2 Protein Expression

Furthermore, the mechanism of IncRNA PVT1
knockdown in influencing UM cell proliferation
and apoptosis was investigated. Western blotting
was applied to measure the expression level of
EZH2 protein. It was manifested that IncRNA
PVTI1 knockdown was able to downregulate the
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Figure 3. Identification of UM cell lines with IncRNA
PVT1 knockdown. si-NC: blank control group, si-PTVI1:
PVTI knockdown group, *p<0.05 vs. si-NC group, with a
statistically significant difference.
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Figure 4. CCK-8 proliferation assay. si-NC: blank control
group, si-PTV1: PVT1 knockdown group, *p<0.05 vs. si-NC
group, with a statistically significant difference.

expression of EZH2 prominently (p<0.05) (Fig-
ure 8).

Discussion

As the most common primary intraocular tumor
in adults, UM is induced by uveal melanocytes
and possesses strong metastatic propensity, with
liver, lug and soft tissue as the most common met-
astatic sites'>'*. Although the optimal therapeutic
methods (surgery or radiotherapy) for primary
tumors have been developed, the efficacies on
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Figure 5. EdU staining results for UM cells in each group. si-NC: blank control group, si-PTV1: PVTI knockdown group,
*p<0.05 vs. si-NC group, with a statistically significant difference.
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Figure 6. Colony formation assay results for UM cells in each group. si-NC: blank control group, si-PTV1: PVT1 knockdown
group, *p<0.05 vs. si-NC group, with a statistically significant difference.
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Figure 7. Apoptotic cells detected via flow cytometry. si-NC: blank control group, si-PTV1: PVT1 knockdown group, *p<0.05

vs. si-NC group, with a statistically significant difference.

metastatic UM is not satisfactory”. A multicenter
study on ocular UM reported that the prognosis
of metastatic UM is poor, with one-year overall
mortality up to 80-87%!'. The highly metastatic
UM is usually triggered by deletion of copy and
extra 8q repetition on chromosome 3". Therefore,
clarifying the mechanism of the occurrence and
development of UM is of great importance for the
early prevention and precise treatment.

PcG protein exerts crucial effects on the
growth and differentiation of mammalian cells
by regulating the expressions of downstream
genes. It contains two core complexes, name-
ly, polycomb repressive complex 1 (PRC1) and
PRC2%, of which the former can monoubig-
uitylate histone H2A at locus Lys 119 through
ubiquitin ligases [really interesting new gene 1A
(RING1A) and RINGIB]. PRC2 can catalyze the
monomethylation, dimethylation and trimethyl-
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ation of histone H3 at locus Lys 27. EZH2, as a
histone methyltransferase, can serve as a catalyt-
ic subunit of PCR2". It is capable of catalyzing
the trimethylation of locus Lys 27 on histone H3
by C-terminal SET domain, further regulating
the genes associated with cell proliferation, dif-
ferentiation and apoptosis, ultimately affecting
tumor progression’”. EZH2 is also a gene with
evolutionary conservation, which is discovered
in many species and contains similar structural
motif and domain in different species (including
Drosophila, frog, mouse and human)?. The mu-
tation and high expression of EZH2 have been
observed in multiple malignant tumors, which
are closely correlated with the poor prognosis of
tumor patients?-*2, A growing evidence demon-
strated that EZH2 expression is controlled by In-
cRNA. LncRNA LINC00628 can interact with
EZH2 in the nucleus and regulate the expression
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Figure 8. Effects of IncRNA PVT knockdown on EZH2 protein expression. si-NC: blank control group, si-PTV1: PVT1
knockdown group, *p<0.05 vs. si-NC group, with a statistically significant difference.
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levels of cell cycle-related genes, thereby in-
hibiting the proliferation and colony formation
of gastric cancer cells and in vivo tumorigene-
sis in mice®. In spite of the carcinogenic effect
of EZH2 on various types of cancers, several
studies have manifested that inhibiting EZH2
can accelerate the progression of some tumors,
suggesting that EZH?2 also possesses anti-cancer
effects. For example, the inactivation of Ser 21
phosphorylation in EZH2 upregulates anti-apop-
totic genes (IGF-1, BCL2 and HIF-1a), thus en-
hancing the cell adhesion-mediated drug resis-
tance in multiple myeloma cells?!. Loss of EZH2
function can restrain the pancreatic regeneration
and promote the Kras-mediated tumor metas-
tasis, indicating that EZH2 can repress tumor
progression by homeostatic control of pancreatic
regeneration®. In this research, the expression
level of IncRNA PVTI in carcinoma and adja-
cent tissues of UM patients was detected first.
The results showed that expression level of In-
cRNA PVTI1 was elevated notably in carcinoma
tissues. At the same time, immunohistochemis-
try results revealed that the expression of EZH2
in carcinoma tissues of UM patients markedly
increased. Moreover, proliferation level and clo-
nogenic capacity of UM cells significantly de-
clined after IncRNA PVTI knockdown. Mean-
while, IncRNA PVTI1 knockdown can promote
the apoptosis of UM cells remarkably. In addi-
tion, we found that EZH2 expression was posi-
tively regulated by IncRNA PV TI1. Nevertheless,
there are certain deficiencies in this research: 1)
no animal experiments were designed for veri-
fication, and 2) direct targets of IncRNA PVTI
were not found.

Conclusions

We reported for the first time that IncRNA
PVTI knockdown can repress the proliferation
and induce the apoptosis of UM cells by inhibit-
ing EZH?2 expression.
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