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Background: Retinoblastoma (RB) seriously endangers the vision and even the life of patients. This study aimed to explore
the endoplasmic reticulum stress (ERS) and drug resistance of RB and verify the effect of miR-512-3p as a reg-
ulator of XBP-1 shearing mechanism on ERS, proliferation, apoptosis, and autophagy levels of RB cells.

Material/Methods: Y79, weri-RB1, and HXO-RB44 cells were treated with cisplatin (DDP) gradient concentration to construct DDP-
resistant cells. The drug inhibition rate and cell proliferation were assessed by CCK-8 assay. The cell trans-
fection and cell apoptosis were detected by RT-qPCR analysis and TUNEL assay, respectively. The protein ex-
pression was detected by Western blot analysis. Dual-luciferase reporter assay confirmed the combination of
miR-512-30p and XBP-1 transcript 1/2.

Results: DDP inhibition rates for DDP-resistant RB cells were lower than that for RB cells. The XBP-1 expression was in-
creased in DDP-resistant RB cells, and Y79 cells were chosen for the subsequent experiments. After transfec-
tion, miR-512-3p overexpression obviously inhibited the proliferation of DDP-resistant Y79 cells (Y79/DDP cells).
miR-512-3p overexpression increased the DDP inhibition rate for Y79/DDP cells and apoptosis of Y79/DDP cells.
miR-512-3p overexpression downregulated the expression of LC3 II/1in Y79/DDP cells. The effect of miR-512-3p
inhibition on Y79/DDP cells was not as obvious as the effect of miR-512-3p overexpression on Y79/DDP cells.
Furthermore, miR-512-3p was confirmed to be combined with XBP-1 transcript variant 1.

Conclusions: miR-512-3p improved the DDP resistance of RB cells by promoting ERS-induced apoptosis and inhibiting the
proliferation and autophagy of RB cells.
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Background

Retinoblastoma (RB) is the most common primary intraocular
malignancy in children and is seen most frequently in infants.
Approximately 90% of children with RB develop the disease
before the age of 3 years. An investigation has found that the
incidence of RB has been on the rise in recent years [1]. China
has a high birth rate, with about 1100 new patients every year,
of which 84% are advanced patients [2]. Although in recent
years laser photocoagulation therapy, transpupillary thermo-
therapy, cryotherapy, selective arterial infusion chemotherapy,
photodynamic therapy, and scleral applicator radiotherapy have
been developed, the main treatment methods are still surgi-
cal removal of the eyeball and postoperative platinum-based
chemotherapy [3,4]. The majority of RB children in remote parts
of China almost all underwent enucleation or evisceration of
the orbit once diagnosed; even so, the prognosis of RB was not
improved [5]. According to statistics, the 5-year survival rate
of RB patients with 1 eye was 50%, and that of binocular RB
patients with only 1 eye removed was only 35% [6]. However,
most of the children are not sensitive to chemotherapy, with
poor prognosis and low long-term survival rate. Therefore, it
is particularly important to find the target and mechanism of
cisplatin resistance in RB.

More and more studies have found that endoplasmic reticu-
lum stress (ERS), which activates the unfolded protein response
(UPR), is involved in tumor development [7]. In tumor cells, ERS
can improve homeostasis and make the surrounding environ-
ment suitable for tumor survival and growth [8]. Many nega-
tive factors such as hypoxia, nutrient deprivation, pH changes,
or poor vascularization can hamper the growth of tumor cells,
and thus activate the unfolded protein response (UPR) [9,10].
XBP-1 is an x-box binding protein. The XBP-1 gene is first
transcribed into the unspliced XBP-1 (XBP-1u), and ERS can
induce XBP-1u to be cut into spliced XBP-1 (XBP-1s) [11-13].
Under the condition of ERS, the mRNA of XBP-1u is cut into
XBP-1s with high transcriptional activity, which promotes the
UPR [14-17]. In a variety of tumors, XBP-1s expression is high-
er than in normal tissue [18-20]. Therefore, high expression
of XBP-1s promotes the UPR, which is considered to be ben-
eficial for cancer survival and development.

Studies have shown that ERS is related to the development of
RB [16-18]. Multiple molecular biological information databases
reveal that miR-512-3p has a potential binding site (inhibiting
XBP-1u) that regulates its mRNA splicing. miR-512-3p was also
investigated in prostate cancer [21], non-small cell lung can-
cer [22], and hepatocellular carcinoma [23], and miR-512-3p
overexpression suppressed the cell proliferation and tumor
invasion ability in these cancers. The role of miR-512-3p in
retinoblastoma remains to be studied.
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In this study, we explored the ERS and drug resistance of RB
and assessed the effect of miR-512-3p as a regulator of XBP-1
shearing mechanism in ERS, as well as proliferation, apopto-
sis, and autophagy levels of RB cells.

Material and Methods

Construction of cisplatin (DDP)-resistant cells

Y79 cells were obtained from American Type Culture Collection
(Rockville, MD, USA). weri-RB1 and HXO-RB44 cells were brought
from Shanghai Zishi Biotechnology Co. These cells were cul-
tured in RPMI-1640 medium with a final concentration of 20%
fetal bovine serum (FBS) at 37°C with an atmosphere of 95%
0, and 5% CO,. Cells were seeded in the 96-well plate with
approximately 8000 cells in each well, and were cultured for
2 h. Cells were divided into a blank group, a control group, and
a treatment group. Cells in the treatment group were treat-
ed with 10 pL DDP at concentrations of 0.1, 1, 5, 10, 25, 50,
and 100 pg/mL for 72 h. Blank groups were not added with
DDP and cells and control groups were only added with cells
without DDP.

CCK-8 assay

Cells in logarithmic growth stage were counted and inoculat-
ed in the 96-well plate for 24 h. After 24 h, 10 pL CCK8 solu-
tion was added into each well for another 4-h incubation of
cells with oscillation. The absorbance (OD) value was measured
at the wavelength of 490 nm by enzyme-linked immunoas-
say, and the OD value was zeroed in blank groups. Inhibition
rate=[1-(OD, .. ~OD,. )/(OD_ . _~OD,_)]x100%.

treatment blank) control

Western blot analysis

RIPA buffer lysed the cells to obtain the total protein and a
BCA kit was used to quantify the total protein concentration
in each group of cells. We separated 30 pg proteins with SDS-
PAGE and transferred them to PVDF membranes with semi-dry
transfer method. We sealed the PVDF membrane with 50 g/L
skim milk powder for 2 h at room temperature. The PVDF mem-
brane was incubated with primary antibody at 4°C overnight,
and with secondary antibody at 37°C for 1 h. GAPDH was used
as an internal control for the detection of XBP-1 (ab37152,
Abcam), LC31/1l (ab62721, Abcam), GRP78 (ab21685, Abcam),
ATF4 (ab184909, Abcam), ATF6 (ab203119, Abcam), IRE1
(ab37073, Abcam), CHOP (#2895, Cell Signaling Technology),
XBP-1s (#27901, Cell Signaling Technology), XBP-1u (25997-1-
AP, ProteinTech), Casp-4 (ab25898, Abcam), casp-3 (ab13847,
Abcam), c-casp-3 (ab2302, Abcam), Bax (ab32503, Abcam),
Bcl-2 (ab32124, Abcam), Beclin-1 (ab207612, Abcam) and Atg5
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Figure 1. DDP-resistant cells were constructed by gradient concentration of DDP. (A) The DDP inhibition rates for DDP-resistant RB
cells were reflected by CCK-8 assay. *** P<0.001 vs. Y79 group. # P<0.05, # P<0.01 and #*#* P<0.001 vs. weri-RB1 group.
88& P<0.001 vs. HXO-RB44 group. (B) The expression of XBP-1 in DDP-resistant RB cells was detected by Western blot
analysis. *** P<0.001 vs. Y79 group. # P<0.001 vs. weri-RB1 group. #& P<0.001 vs. HXO-RB44 group.

(#2630, Cell Signaling Technology). Then, Image) software was
used for grayscale scanning and quantification.

Cell transfection

Cells in the logarithmic growth phase were taken and transferred
to serum-free 1640 medium 2 h before transfection. Cells were
divided into a control group, a mimic NC (miR1NOO00001-1-5,
Guangzhou Ruibo Biotechnology Co.) group, a miR-512-3p
mimic (miR10002823-1-5, Guangzhou Ruibo Biotechnology
Co.) group, an inhibitor NC (miR2N0000001-1-5, Guangzhou
Ruibo Biotechnology Co.) group, and an miR-512-3p inhibi-
tor (miR20002823-1-5, Guangzhou Ruibo Biotechnology Co.)
group. After transfection, the cells were cultured at 37°C in
incubators containing 5% CO,. After 4-6 h, the mixture was
sucked out and replaced with normal medium for further cell
culture for 24 h at 37°C with 5% CO,. RT-gPCR analysis was
used to assess the transfection status of cells in each group.
The procedures were conducted in strict accordance with the
instructions of the kit.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923817-3

RT-qPCR analysis

After cell transfection, RNA was extracted with TRIzol reagent
(No. 12183555, Thermo Fisher Scientific, Inc.). We prepared
10 pL total RNA taken for the reaction system for reverse tran-
scription using a PrimeScript Reverse Transcription Reagent
kit (No. RRO37A, Takara). Next, the reaction system was pre-
pared again, and the well-uploaded 8 tubulars were placed
on the RT-gPCR instrument for reaction performed using a
TagMan Universal PCR Master Mix kit (No. 4364338, Thermo
Fisher Scientific, Inc.) at 95°C for 3 min of pre-degeneration
and 95°C for 12 s, and 62°C for 40 s for 40 cycles. The primer
sequences for gPCR were:

U6 forward, 5’-CTCGCTTCGGCAGCACA-3’, and

reverse, 5’-AACGCTTCACGAATTTGCGT-3;

miR-512-3p forward, 5-CGGCCCCCCCTGGGGG-3’, and
reverse, 5’-GGGGGGGGGGT-3'".

TUNEL assay

The experiment was conducted using a TUNEL detection kit
(Beijing ZhongShan Biotechnology Company). The main steps
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Figure 2. DDP-resistant Y79 cells (Y79/DDP cells) were
transfected. RT-PCR analysis confirmed the transfection
effects. *** P<0.001 vs. control group. ## P<0.001 vs.
mimic NC group. & P<0.01 vs. inhibitor NC group.

were: the sample slide was digested by protease K and then
treated with TdT and Biotin-dUTP. After the sample slide was
sealed by the sealing liquid, streptavidin-HRP working liquid
and DAB color reagent were added. The color was observed
and cells were counted under a light microscope.

Dual-luciferase reporter assay

Analysis using ENCORI software predicted that miR-512-3p can
combine with XBP-1, which was confirmed by dual-luciferase
reporter assay. Cells were co-transfected with XBP-1 transcript
variant 1 (u) and miR-512-3p mimic or mimic control (NC) vec-
tor, and cells were co-transfected with XBP-1 transcript vari-
ant 1 (s) and miR-512-3p mimic or mimic control (NC) vector.
Lipofectamine® 2000 reagent was the transfection reagent.
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Luciferase activity was detected by a dual-luciferase reporter
assay system with the Dual-Luciferase Assay Kit (Promega).

Statistical analysis

GraphPad Prism 6 Software was used to analyze data. Data
are expressed as mean + standard deviation. The Bonferroni
t post-test was used for unpaired t test and single-factor anal-
ysis of variance (ANOVA) with LSD-t test was used for com-
parison between multiple groups. P<0.05 was considered sta-
tistically significant.

Results

DDP-resistant cells were constructed by gradient
concentration of DDP

Y79, weri-RB1, and HXO-RB44 cells were treated with gradi-
ent concentration of DDP for 72 h. The DDP inhibition rates
for DDP-resistant RB cells were decreased, especially for Y79/
DDP cells (Figure 1A). The expression of XBP-1 in DDP-resistant
RB cells was higher than that in RB cells (Figure 1B). Y79 cells
were selected for subsequent experiments considering the in-
duction effect of drug resistance and the expression of XBP-1.

DDP-resistant Y79 cells (Y79/DDP cells) were transfected

Y79/DDP cells were transfected with mimic NC, miR-512-3p
mimic, inhibitor NC, and miR-512-3p inhibitor. As shown in
Figure 2, miR-512-3p expression was upregulated in Y79/DDP
cells transfected with miR-512-3p mimic and was downregu-
lated in Y79/DDP cells transfected with miR-512-3p inhibitor

0D value at 450 nm

Y79  Y79/DDP  Y79/DDP+ Y79/DDP+ Y79/DDP+ Y79/DDP+
mimicNC ~ miR-512 inhibitor NC  miR-512
mimic inhibitor

Inhibition rate (%)

Y79  Y79/DDP  Y79/DDP+ Y79/DDP+ Y79/DDP+ Y79/DDP+
mimicNC - miR-512 inhibitor NC  miR-512
mimic inhibitor

Figure 3. Proliferation of Y79/DDP cells and DDP inhibition rate for Y79/DDP cells were changed after transfection. (A) The proliferation
of Y79/DDP cells after transfection was detected by CCK-8 assay. *** P<0.001 vs. Y79 group. # P<0.01 and ## P<0.001 vs.
Y79/DDP group. & P<0.001 vs. Y79/DDP+mimic NC group. % P<0.01 vs. Y79/DDP+inhibitor NC group. (B) The DDP inhibition
rates for Y79/DDP cells after transfection were also reflected by CCK-8 assay. *** P<0.001 vs. Y79 group. * P<0.05 and
### P<0.001 vs. Y79/DDP group. & P<0.001 vs. Y79/DDP+mimic NC group. ** P<0.01 vs. Y79/DDP+inhibitor NC group.
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Figure 4. miR-512-3p affects the apoptosis and autophagy of Y79/DDP cells. (A) The apoptosis of Y79/DDP cells after transfection
was determined by TUNEL assay. (B) The proteins expression of autophagy in Y79/DDP cells after transfection was detected
by Western blot analysis. *** P<0.001 vs. Y79 group. #** P<0.01 and #*# P<0.001 vs. Y79/DDP group. *** P<0.001 vs. Y79/
DDP+mimic NC group. %% P<0.01 vs. Y79/DDP+inhibitor NC group.

compared with the control group, mimic NC group, and inhib-
itor NC group.

Proliferation of Y79/DDP cells and DDP inhibition rate for
Y79/DDP cells were changed after transfection

After transfection, miR-512-3p overexpression or inhibition all
decreased the proliferation of Y79/DDP cells (Figure 3A). As
shown in Figure 3B, miR-512-3p overexpression or inhibition
increased the DDP inhibition rate of Y79/DDP cells. However,
the effect of miR-512-3p inhibition on Y79/DDP cells was not
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as obvious as the effect of miR-512-3p overexpression on
Y79/DDP cells.

miR-512-3p affects the apoptosis and autophagy of Y79/
DDP cells

As shown in Figure 4A, miR-512-3p overexpression or inhibi-
tion promoted the apoptosis of Y79/DDP cells, and the promo-
tion effect of miR-512-3p overexpression on cell apoptosis was
far stronger than that of miR-512-3p inhibition. The expres-
sion of LC3 1I/1 in Y79/DDP cells transfected with miR-512-3p
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Figure 5. miR-512-3p affects the related proteins expression in ERS. (A) The expression of GRP78, ATF4, ATF6 and IRE1 in Y79/DDP
cells after transfection was determined by Western blot analysis. * P<0.05 and ** P<0.05 vs. Y79 group. # P<0.05,
# P¢0.01 and *** P<0.001 vs. Y79/DDP group. ¥ P<0.01 and &% P<0.001 vs. Y79/DDP+mimic NC group. *** P<0.001 vs.
Y79/DDP+inhibitor NC group. (B) The expression of CHOP, XBP-1s, XBP-1u and Casp-4 in Y79/DDP cells after transfection
was determined by Western blot analysis. *** P<0.001 vs. Y79 group. # P<0.05 and #*#* P<0.001 vs. Y79/DDP group. & P<0.05
and & P<0.001 vs. Y79/DDP+mimic NC group. ° P<0.05 vs. Y79/DDP+inhibitor NC group.
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Figure 6. miR-512-3p affects the related proteins expression in apoptosis and autophagy. (A) The expression of casp-3, c-casp-3,
Bax and Bcl-2 in Y79/DDP cells after transfection was determined by Western blot analysis. *** P<0.001 vs. Y79 group.
### P¢0.001 vs. Y79/DDP group. & P<0.001 vs. Y79/DDP+mimic NC group. * P<0.05 and %% P<0.001 vs. Y79/DDP+inhibitor
NC group. (B) The expression of Beclin-1 and Atg5 in Y79/DDP cells after transfection was determined by Western blot
analysis. *** P<0.001 vs. Y79 group. * P<0.05, #** P<0.01 and *## P<0.001 vs. Y79/DDP group. * P<0.05 and && P<0.001 vs.
Y79/DDP+mimic NC group. $ P<0.05 and 5% P<0.01 vs. Y79/DDP+inhibitor NC group.

mimic or inhibitor was decreased, and the decreased expres-
sion of LC3 II/I in the former cells was more obvious (Figure 4B).

miR-512-3p affects the related proteins expression in ERS

The related proteins expression in ERS was determined by
Western blot analysis. As shown in Figure 5A, miR-512-3p over-
expression enhanced the expression of GRP78, ATF4, ATF6, and
IRE1, while miR-512-3p inhibition suppressed the expression of

GRP78, ATF4, ATF6, and IRE1 compared with that in Y79/DDP
cells. As shown in Figure 5B, miR-512-3p overexpression in-
creased the expression of CHOP and XBP-1s but was restrained
by miR-512-3p inhibition. miR-512-3p overexpression also in-
creased the Casp-4 expression, but was not obviously affected
by miR-512-3p inhibition. However, miR-512-3p overexpres-
sion suppressed the XBP-1u expression, and miR-512-3p in-
hibition enhanced the XBP-1u expression.
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Figure 7. miR-512-3p is combined with XBP-1 transcript variant 1. (A) The binding sites of miR-512-3p and XBP-1 were predicted by
ENCORI. (B) Luciferase activity was analyzed in cells co-transfected with miR-512-3p mimic or miR-NC and XBP-1 transcript
variant 1 or XBP-1 transcript variant 2. *** P<0.001 vs. miR-NC group.

miR-512-3p affects the related proteins expression in
apoptosis and autophagy

The related proteins expression in apoptosis and autophagy was
also detected by Western blot analysis. The result of Figure 6
indicated that miR-512-3p overexpression or inhibition upreg-
ulated the expression of c-casp-3 and Bax, but downregulated
the Bcl-2 expression, and the role of miR-512-3p overexpres-
sion in apoptosis and autophagy was more obvious.

miR-512-3p is combined with XBP-1 transcript variant 1

Bioinformatics analysis was performed, and the results of
ENCORI predicted that miR-512-3p combined with XBP-1
(Figure 7A). The dual-luciferase reporter assay indicated that
the relative luciferase activity was significantly decreased when
cells were co-transfected with miR-512-3p mimic and XBP-1
transcript variant 1, but were not obviously changed when
cells were co-transfected with miR-512-3p mimic and XBP-1
transcript variant 2 (Figure 7B). Importantly, miR-512-3p could
combine with XBP-1 transcript variant 1.

Discussion

We explored the effect of miR-512-3p as a regulator of XBP-1
shearing mechanism on ERS, proliferation, apoptosis and
autophagy levels of RB cells. We found that miR-512-3p could
overcome the DDP resistance in RB cells by promoting the
ERS to induce apoptosis and inhibit proliferation and autoph-
agy of RB cells.

The endoplasmic reticulum (ER) is involved in the luminal
chaperones for folding and packing of secretory proteins,
intracellular trafficking, mitochondrial biogenesis, autophagy,
apoptosis, and inflammation [24-26]. UPR is an evolutionally

conserved cellular-protective response, which is the response
of cells to ERS [27]. In cancer cells, stress conditions causing
UPR are ubiquitous, such as the lack of oxygen and nutrients
in the microenvironment of the tumor, which lead to increased
dependence of cancer cells on UPR [28]. Studies have shown
that UPR can induce drug resistance in tumor cells and reduce
the efficacy of anti-tumor drugs [29-31]. High expression of
XBP-1s can promote the development of cancer by promoting
the UPR [14-17]. miR-512-3p can regulate the expression of
XBP-1s and XBP-1u. In this study, we found that miR-512-3p
inhibited proliferation and autophagy, promoted apoptosis, and
overcame DDP resistance of RB cells by regulating the UPR af-
fected by the expression of XBP-1s and XBP-1u. miR-512-3p
has been demonstrated to a tumor-suppressive miRNA in some
cancers [21-23]. The suppressive role of miR-512-3p in tumors
was also demonstrated in this study.

UPR consists of 3 parallel signaling pathways. The main reg-
ulators of these pathways are 3 ER transmembrane proteins:
PERK, IRE1, and ATF6. When ERS occurs in cells, it not only in-
duces CHOP expression through ATF4, but also further acti-
vates the signaling pathways of 2 other ER transmembrane
proteins — IRE1 and ATF6 — and subsequently activates PERK
and elF2. GRP78 can regulate the expression of PERK, IRE1,
and ATF6 to participate in the transfer of unfolded proteins.
Therefore, the induction of GRP78 is a recognized marker of
ERS and UPR activation.

Studies have shown that inhibiting the ATF4 pathway in ERs
can effectively reduce the proliferation and autophagy of tu-
mors and improve the level of apoptosis [32-34]. CHOP is a di-
rect target of ATF4, representing the pro-apoptotic component
of UPR. After injection of tunicamycin, wild-type mice showed
higher levels of renal epithelial cell apoptosis than CHOP knock-
out mice [35]. This study indicated that miR-512-3p overexpres-
sion promoted the expression of GRP78, ATF4, ATF6, IRE1, and
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CHOP, which was reversed by miR-512-3p inhibition. However,
miR-512-3p overexpression or inhibition were not conducive to
the health of RB cells, and the negative effects of miR-512-3p
overexpression on RB cells were more significant.

Autophagy is considered to be an important mechanism to deal
with ERS. Autophagy is a way to reduce ERS and allow cells
to survive, which was found only in cancer cells, not in non-
transforming cells [36-38]. In tumors, ERS-induced autophagy
can also lead to tumor resistance to anti-tumor drugs. ERS can
induce autophagy activation and make cells resistant to cis-
platin-induced apoptosis [39]. In this study, enhanced or alle-
viated autophagy decreased the DDP inhibition rates of DDP/
Y79 cells, and the effect of enhanced autophagy on DDP re-
sistance was more obvious.
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Conclusions

Inhibition rates in DDP-resistant RB cells were decreased and
XBP-1 expression in DDP-resistant RB cells was increased.
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cells. miR-512-3p suppressed the proliferation and autophagy
and promoted the apoptosis of DDP/Y79 cells by regulating the
expression of XBP-1s and XBP-1u. The effects of miR-512-3p
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of miR-512-3p inhibition. Therefore, miR-512-3p overcame
the DDP resistance of RB cells targeting XBP-1u by promot-
ing ERS-induced apoptosis and inhibiting the proliferation and
autophagy of RB cells. A limitation of our study is that it was
a primary study and only 1 type of cell was studied through-
out the whole experiment.
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