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Background: Chemoresistance contributes to treatment failure of gastric cancer (GC)
patients but the molecular mechanism of chemoresistance in GC is still unclear. Long-
chain noncoding RNA (IncRNA) urothelial cancer associated 1 (UCAI) is associated with
resistance to chemotherapy drugs.

Methods: We detected the expression of UCA! in 53 pairs of GC tumor tissue and adjacent
normal tissue, human normal gastric mucosa cells (GES-1) and human GC cells (HGC-27,
SNU-5, AGS, SGC-7901, and NCI-N87) using RT-qPCR. Small RNA interference technol-
ogy was used to knock down the expression of UCA! in gastric cancer cells. CCKS8 solution
was used to detect cell viability. Flow cytometry was used to detect apoptosis, and Western
blotting was used to detect protein expression.

Results: UCAI was highly expressed in GC tissues and cells, and knockdown of UCAI
increased chemosensitivity to cisplatin by inducing cell apoptosis. Furthermore, UCA!
promoted CYPIBI expression by binding to miR-513a-3p in human GC cells in vitro, and
UCAI1/CYPIBI expression was negatively related to miR-513a-3p expression, while UCAI
expression was positively related to CYPIBI expression in human GC tissues. Moreover,
overexpression of miR-513a-3p or knockdown of CYPIBI increased chemosensitivity to
cisplatin, and knockdown of miR-513a-3p or overexpression of CYPIBI decreased chemo-
sensitivity to cisplatin by inducing cell apoptosis in human GC cells. Importantly, over-
expression of CYPIBI reduced chemosensitivity to cisplatin which increased by knockdown
of UCAI, and knockdown of CYPIBI increased chemosensitivity to cisplatin which
decreased by knockdown of miR-513a-3p in human GC cells.

Conclusion: The IncRNA UCA1/miR-513a-3p/CYP1B] axis regulates cisplatin resistance in
human GC cells; hence, it is a potential target for treating chemoresistance in GC.
Keywords: gastric cancer, urothelial cancer associated 1, chemoresistance

Introduction

Gastric cancer (GC) is the fourth most common cancer in the world, accounting for
an estimated 951,600 new GC cases and 738,000 deaths annually worldwide in
2012."% In Europe, the mortality of GC patients ranks fourth among all cancer
patients, and about 107,000 GC patients died in 2012.>> In China, the incidence of
GC is the second highest compared to all malignant cancers, with approximately
679,000 new cases of GC and 498,000 deaths every year, almost half of the
world.*” Unfortunately, most GC patients are diagnosed at a late stage due to the
lack of effective techniques for early diagnosis.® Chemotherapy is a common
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therapy used in the treatment of GC but the resistance to

chemotherapy  drugs reduces the efficacy of
chemotherapy.”® Therefore, it is important to study the
molecular mechanism of chemoresistance to prolong dis-
ease-free survival and the overall survival of GC patients.

Long-chain noncoding RNA (IncRNA) is a single-
stranded noncoding RNA 200 nucleotides in length and
was originally considered to be “junk” RNA, but in recent
years, has been shown to be involved in chemoresistance,
epigenetic regulation, cell cycle regulation, and cell differ-
entiation regulation.”'® Urothelial cancer associated 1
(UCAI), a IncRNA, is reported to be upregulated in blad-
der cancer, colorectal cancer, ovarian cancer, and breast

11,12
cancer, =

and promotes cancer cell proliferation, inva-
sion, migration, and chemoresistance.'>'* In recent stu-
dies, UCAI was reported to promote the progression of
paclitaxel resistance in ovarian cancer by regulating the
miR-654-5p/SIK2 axis,'> also enhancing sensitivity to
oncolytic vaccinia virus by sponging miR-18a/miR-182
and modulating the Cdc42/filopodia axis in colorectal
cancer.'® Similar findings have also been reported in blad-
der cancer,!” breast cancer,'® ovarian cancer,'” and lung
cancer,”’ namely UCAI enhanced chemoresistance in
cancer.”! However, the effect of UCAI on chemoresistance
in GC is still unclear.

According to the sequencing data in the Gene
Expression Omnibus (GEO) database (GSE53137),* Gu
et al identified differentially expressed IncRNAs by ana-
lyzing the expression profiles of IncRNAs and mRNAs in
GC tissues and adjacent normal tissues using microarray,
finding UCAI was a highly expressed IncRNA in GC
tissues.?? In the present study, we detected UCAI expres-
sion in 53 pairs of GC tumor tissue and adjacent normal
tissue and knocked down UCA! to study the effect of
UCAI on the chemoresistance in GC cells. Our research
confirms for the first time that UCA/ enhances cisplatin
resistance by regulating CYPIBI-mediated apoptosis via
miR-513a-3p in human GC.

Patients and Methods

Patients and Tissues

Samples of 53 pairs of GC tumor tissue and adjacent
normal tissue were collected at the Affiliated Hospital of
Inner Mongolia Medical University. The donor GC
patients did not receive any treatment (chemotherapy,
radiotherapy, immunotherapy or targeted therapy, etc)
before donating the tissue and had not been diagnosed

with other tumors, having completed three years of fol-
low-up. All patients signed an informed consent, and this
study was approved by the Affiliated Hospital of Inner
Mongolia Medical University  Ethics
(Approval No. YJ(2020001)).

Committee

Quantitative Real-Time PCR Analysis
Cells and tissues were lysed using RNAiso plus (9109,
Takara, Japan), and phenol-chloroform/isopropanol was
used to extract total RNA from the cells.'”*° After pre-
paring the cDNA using a PrimeScript RT reagent kit with
gDNA eraser (RR047A, Takara, Japan), 20 pL of the
gPCR system was prepared and analyzed using of GoTaq
gPCR Master Mix (A6001, Promega, USA) according to
the manufacturer’s instructions. The relative gene expres-
sion was calculated by the 27" method, with B-actin
used as a control for mRNA, and U6 as a control for
miRNA. The primers used are shown in Table 1.

Cell and Cell Culture

GES-1, a normal gastric mucosa cell, was purchased from
Otwobiotech and SNU-5, AGS, and NCI-N87 cells were

Table | Sequence of Primers for gPCR, siRNA and miRNA
Regulation

Primers Used in qPCR Analysis (5'-3")

UCAI Forward: CTCTCCATTGGGTTCACCATTC
Reverse: GCGGCAGGTCTTAAGAGATGAG

miR-513a-3p Forward: TAAATTTCACCTTTCTGAGAAGG
Reverse: GCGAGCACAGAATTAATACGAC

CYPIBI Forward: ACGTACCGGCCACTATCACT
Reverse: CTCCCCACGACCTGATCCA

ué Forward: AUAAAUCCCUUUACACCUCTT
Reverse: AAUAAAUCCCUUUACACCUCTT

B-actin Forward: AGCCCATCCTTCGAGTACAAA

Reverse: TCTTGGTGCGATAACTGGTGG

si-RNA sequence (5'-3")

si-NC CAGAUGGCCACCAGUAACUGU
si-UCA|-1 AGUUAAAGGUGGUUAUCUGUU
si-UCA[-2 ACAGUUAAAGGUGGUUAUCUG
si-UCAI-3 UAUAGAAGACCACCUAAACAG

si-CYPIBI

miRNA regulate sequence (5'-3)

miR-513a-3p-NC
miR-513a-3p-mimic
miR-5 1 3a-3p-inhibitor

AUUCGGGUUAAGCUAGAAGGUUC
UAAAUUUCACCUUUCUGAGAAGG
UCGAAGUGUCCCUCCACAGUAGU
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purchased from the American Type Culture Collection.
HCG-27 and SGC-7901 were purchased from the Cell
Bank of the Chinese Academy of Sciences. All cells
were cultured in DMEM (61870044, Thermo Fisher,
USA) with 10% fetal bovine serum (10437028, Thermo
Fisher, USA) at 37°C with 5% CO,.

Cell Transfection

For miRNA and siRNA, 50 nmol/L of siRNA was directly
transfected into 2.5%10° GC cells using Lipofectamine 2000
according to the protocol of manufacturer. After 72 h, the
wild type (WT) or mutated (MUT) versions of the 3'-UTR of
UCAI and CYPIBI were cloned into pisCHECK2 (97157,
Addgene, USA), then transfected into cells as si-RNA using
the Dual-Lucy Assay kit (D00100, Solarbio, China) to detect
luciferase activity following the protocol of manufacturer.
After 72 h, the gene expression was determined by reverse
transcription-quantitative qPCR.

For the overexpression of CYPIBI, we firstly cloned
the gene sequence of CYPI/B! into pcDNA3.1 plasmid
(VT1001, Youbao Biotechnology Co., Ltd, China), and
transferred the recombinant plasmid into GC cells using
Lipofectamine 2000. After 72 h, cells were cultured with
200 pg/mL G418 for seven days, puromycin resistant cells
were set for experiments. The CYPIB]1 protein expression
was determined by immunoblotting.

Fluorescence in situ Hybridization

Cells (1x10%) were seeded into Lab-Tek chambered
(155411, Thermo Scientific, USA) and cultured for 24 h at
37°C with 5% CO,. The cell culture medium was removed
and cells were fixed with 4% paraformaldehyde for 10 min
at room temperature, then blocked with 5% BSA for one
hour at room temperature. After fixing and blocking, cells
were incubated with a fluorescent probe that binds to the
human version of the UCA! gene which was synthesized by
Genomeditech Co., Ltd. The cell nuclei were counterstained
with 5 pg/mL DAPI for five minutes at room temperature
before analysis by confocal microscopy.

Cell Viability Assay

Cells (0.2x10°) were seeded into a 96-well culture plate at
37°C with 5% CO,. Twelve hours later, the cell culture
medium was changed to a medium containing cisplatin
(BP809, Merck, Germany). After 24 h, 10 pL CCKS8
solution (C0009, Beyotime Scientific, China) was added
to 100 pL cell culture medium for one hour at 37°C with
5% CO, before the absorbance was measured at 450 nm.

Cell Apoptosis Assay

Cells (2x10°) were seeded into a six-well culture plate at
37°C with 5% CO,. Twelve hours later, the cell culture
medium was changed to a medium containing cisplatin
(BP809, Merck, German). After 24 h, the cells were har-
vested, washed with cold PBS, fixed with cold 70% etha-
nol at 4°C for one hour. The cells were resuspended in
cold PBS after removal of the ethanol by centrifugation.
As per the manufacturer’s instructions (E606336, Sangon
Biotech), 15 min after addition of the labeling reagent, the
cells were harvested and resuspended in PBS for detection.

Immunoblotting

The total protein was extracted from cells using the Nuclear/
Cytosol Fractionation Kit (Biovision, USA) and the protein
concentration was determined using a BCA kit (Thermo
Fisher, USA). Then, 40 pg total protein was separated
using 10% SDS-PAGE. After transfer, the PVDF mem-
branes (Thermo Fisher) were blocked with 5% skimmed
milk powder, then probed with primary antibodies against
cleaved caspase-3, caspase-3, and CYPIBI. Proteins were
visualized with ECL
Biotechnologies Co., Ltd, China), followed by densitometry

solution (Beijing Xinjingke
analysis using Image J 3.0 (IBM, USA) and B-actin was
loaded as a control. All antibodies used for immunoblotting
testing were purchased from Abcam and diluted according
to the manufacturer’s instructions.

Statistical Analysis

GraphPad prism 5 software was used to analyze the data,
which was expressed as mean £SD or percentage. One-
way ANOVA with Turkey's post hoc test was used to
compare the differences between multiple groups, and
Student’s t-test was used to analyze the differences
between the two groups. The log rank test was used to
compare the differences in the three-year overall survival
rate of different GC patients basing on UCAI expression.
A value of p<0.05 indicated a significant difference.

Results
UCAI is Highly Expressed in Human GC

Cells and Tissues

UCA I was highly expressed in six cases of human GC tissues.
To further verify the expression of UCA/ in GC tissues,
UCAI expression was detected in human normal gastric
mucosa cells (GES-1) and human GC cells (HGC-27, SNU-
5, AGS, SGC-7901, and NCI-N87). The expression of UCA
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Figure | UCA| expression in human gastric cancer cells and tissues. (A-B) qPCR was used to detect the expression of UCAI in human gastric mucosal cells (GES-1) and
human gastric cancer cells (HGC-27, SNU-5, AGS, AGS and NCI-N87) (A), in human gastric cancer tissues and normal tissues (B, C) log rank test was used to compare the
difference of the three-year overall survival rate of different gastric cancer patients basing on UCA| expression. UCA| expression was shown as mean +SD, and three-year
overall survival rate was shown as a percentage;. p-value was calculated by post hoc comparisons in (A and B) and by log rank test in (C).

in human GC cells was significantly higher than that in GES-1
cells (Figure 1A). Then, UCAI expression was determined
using qPCR in 53 pairs of GC tumor tissue and adjacent
normal tissue samples (Figure 1B), showing that the expres-
sion of UCA! in human GC tissues was significantly higher
than in the adjacent normal tissue. In addition, the 53 GC
patients were divided into two groups based on UCA expres-
sion, namely, low UCAI expression group (n=25, UCAI
expression < the mean of UCA expression) and high UCA
expression (n=25, UCAI expression > the mean of UCAI
expression). A comparison of the three-year overall survival
rate of the two groups (Figure 1C) revealed that 80.0% (20/
25) of GC patients with low UCA1 expression were still alive
after three years, while only 53.57% (15/28) of GC patients
with high UCAI expression were still alive, and this differ-
ence in three-year survival was significant (p=0.040).

UCA| Knockdown Decreases Resistance

to Cisplatin in Human GC Cells

To further study the effect of UCAI expression on the
cisplatin resistance, 15 pg/mL cisplatin was used to stimu-
late human normal gastric mucosa cells, and human GC
cells for 24 h. The cell viability increased with increased
UACI expression (Figure 2A), hence, it was hypothesized
that UAC! enhances cisplatin resistance of GC cells. To test
this hypothesis, small interfering RNA of UCA/I (si-UCAI)
was transfected into GC cells to knock down the expression
of UCAI. As shown in Figure 2B, the best interfering effect
of UCAI was si-UCA1-3, which reduced UCA1 expression

t0 35.3% in AGS cells and 38.7% in NCI-N87 cells. Hence,
si-UCA1-3 was used to knock down UCAI expression in
AGS and NCI-N87 cells in the following experiments and
abbreviated si-UCA1-3 as si-UCAI. FISH staining was per-
formed to assess the expression of UCA1, showing that si-
UCAI si-UCAI did knockdown UCA! expression in AGS
cells and NCI-N87 cells (Figure 2C).

Next, we assessed the effect of UCA! expression on the
toxicity of cisplatin to human GC cells in vitro, showing that
UCAI knockdown not only decreased the cell viability of
AGS and NCI-N87 cells after stimulation with 15 pg/mL
cisplatin (Figure 2D and E), but also increased the expres-
sion of cleaved caspase-3 protein (Figure 2F). Importantly,
UCAI knockdown increased cisplatin-induced apoptosis in
AGS and NCI-N87 cells (Figure 3).

UCA| Promotes CYPIBI Expression by
Binding to miR-513a-3p

To investigate the molecular mechanism by which UCA1
regulates the resistance of cisplatin in human GC cells, the
public databases (USCS, miRbase, and BiBiserv2) were
searched. Interestingly, we found that miR-5/3a-3p had
the same binding sites to UCAI" and CYPIBI (Figure
4A). The luciferase gene report results showed that over-
expression of miR-513a-3p by transfection into miR-513a-
3p-mimic (mimic) could decrease and knockdown of miR-
513a-3p by transfection into miR-513a-3p-inhibitor (inhi-
bitor) could increase the relative luciferase activity in NCI-

N87 cells, which were transferred into WT-UCAI

submit your manuscript

370

Dove

Cancer Management and Research 2021:13


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

Dove Cheng et al

A 80~ 15 pg/mL cisplatin B 1.5+ C si-NC si-UCA1
e 3 si-NC
= si-UCA7-1 i
UCA1 expression £ 5 g
60 }; Sf UCA1-2
° l BB si-UCAT1-3 8
8 < 1.0
5 - 101 M <
= 2
> [
2z e sk
3 oy
[3) 3 sk B
-
204 & 0.5
o sk g
=]
[ ~
2 ©
o % ;
& % 00 =
LR AGS NCI-N87

D SGC-7901 E F

100+ 100+ NCI-N87 15 gimL cisplatin
-o- si-NC - si-NC si-NC si-UCA7 si-NC UCA1
i i Cleaved- 3
- si-UCAT = si-UCA1 Caspase3
80+ 80 =
3
Caspase3 .*
X ® P! <
s B TP T T
> 60 > 60 . |
= = B-actin
3 ]
> >
3 401 3 401 ) ' '|5|q7ml.‘ll'plnm
o (&) si-NC si-UCA7 si-NC si-UCAT
Cleaved-
—
20 20 Caspase 3 L ) - ~
©
Caspase3 “ E
b o
=z

0 T T T T T T 0 T T T T T .
Cisplatin (pg/mL)

Cisplatin (pg/mL )

Figure 2 UCAI knockdown enhances the toxicity of cisplatin to gastric cancer cells. (A) CCK8 kit was used to detect the cell viability after stimulating with 15 pg/mL
cisplatin; (B—C) Small interfering RNA-UCA| (si-UCAI) successfully knocked down UCAI expression in gastric cancer cells verified by qPCR (B) and cellular immuno-
fluorescence (C); (D-E) UCAI knockdown by si-UCAI increased the toxicity of cisplatin to AGS (D) and NCI-N87 (E, F) immunoblotting was used to detected the
expression of caspase-3 and cleaved caspase-3 protein in human gastric cancer cell. Each experiment was repeated three times independently, ns was p>0.05, *¥p<0.01,
##%p<0.001 vs si-NC group. The cell viability and UCA| expression were shown as mean +SD, and p-value was calculated by post hoc comparisons in (B) and by Student’s t-
est in (D and E). Scale bar=50 um.
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Figure 3 UCAI knockdown enhances cisplatin induced apoptosis in human gastric cancer cells. After transferring the si-UCA I, human gastric cancer cells were stimulated
with or without |5 pg/mL cisplatin, and then cells were harvested to detect apoptosis by flow cytometer, and the representative images were shown in (A and B), and the
rates of apoptosis cells were statistically compared (C). Each experiment was repeated three times independently. The rates of apoptosis cell were shown as mean *SD,
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(Figure 4B) or WT-CYPIBI (Figure 4C), but could not CYPIBI. This suggested miR-513a-3p targeted inhibition
affect the relative luciferase activity in NCI-N87 cells of UCAI and CYPIBI expression in human GC cells.
which were transfected into MUT-UCA/ or MUT- Interestingly, we also found that UCAI knockdown could
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Figure 4 UCA| and CYPIB/ bind to miR-513a-3p in human gastric cancer cell. (A) Wild-type (WT) or mutant (MUT) sequence of UCA| and CYPIBI bound to miR-513a-3p;
B-C, WT or MUT sequence of UCAI (B) and CYPIBI (C) bound to miR-513a-3p were cotransferred into AGS cells with miR-513a-3p-NC (NC), miR-513a-3p-mimic
(mimic) or miR-53a-3p-inhibitor (inhibitor), and then measured the luciferase activity; (D), UCAI knockdown increased the expression of miR-513a-3p in AGS and NCI-N87
cells; (E) immunoblotting was used to detected the expression of CYPIB/ protein in human gastric cancer cells; (F) schematic diagram of UCA| promoting the expression of
CYPIBI by binding to miR-513a-3p. Each experiment was repeated three times independently. The relative luciferase activity was shown as mean +SD, *<0.001 vs NC group
and *p<0.001 and the p-value was calculated by post hoc comparisons in (B and C) and by Student’s t-test in (D).

significantly decrease the expression of miR-513a-3p in
human GC cells (Figure 4D). Furthermore, UCA/ knock-
down or overexpression of miR-513a-3p could signifi-
cantly decrease the expression of CYPIBI protein in
human GC cells, while knockdown of miR-513a-3p
could significantly increase the expression of CYPIBI
protein in human GC cells (Figure 4E). Taken together,
these results indicated that UCAI and miR-513a-3p inhib-
ited each other’s expression in GC cells, and UCA! pro-
moted the expression of CYPIBI, while miR-513a-3p
inhibited the expression of CYPIBI protein in human
GC cells (Figure 4F).

miR-513a-3p Decreases Resistance to
Cisplatin in Human GC Cells

To investigate the effect of miR-5/3a-3p on the resistance
of cisplatin in human GC cells, the correlation between
miR-513a-3p expression and UCAI expression in human
GC tissues was analyzed, showing a negative correlation
between miR-513a-3p expression and UCAI expression in
human GC tissues (Figure 5A). Then, we established miR-
513a-3p overexpression and miR-513a-3p knockdown GC
cells by transferring mimic and inhibitor, respectively
(Figure 5B). Similarly, miR-513a-3p knockdown could

increase the cell viability of AGS and NCI-N87 cells
after stimulation with 15 pg/mL cisplatin, while miR-
513a-3p overexpression decreased the cell viability of
AGS (Figure 5C) and NCI-N87 (Figure 5D) cells after
stimulation with 15 pg/mL cisplatin. Importantly, miR-
513a-3p knockdown decreased cisplatin-induced apoptosis
in AGS and NCI-N87 cells, while miR-513a-3p overex-
pression increased cisplatin-induced apoptosis in AGS and
NCI-N87 cells (Figure 5E-G). For apoptosis-related pro-
tein expression, miR-513a-3p knockdown decreased and
miR-513a-3p overexpression increased the expression of
cleaved caspase-3 protein in human GC cells (Figure SH).

CYPIBI| Executes UCAI/miR-513a-3p to
Regulate the Cisplatin Resistance of GC

Cells

In the UCAI/miR-513a-3p/CYPIBI axis, CYP1BI is the
only protein and regulates the biological characteristics of
cells. There was a positive correlation between CYPIBI
mRNA expression and UCAI expression in human GC
tissues (Figure 6A), whereas there was a negative correla-
tion between CYPI/BI mRNA expression and miR-513a-
3p expression in human GC tissues (Figure 6B). To
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Figure 5 miR-513a-3p inhibits cisplatin induced apoptosis in human gastric cancer cells. (A) There was a negative correlation between UCA| expression and miR-513a-3p
expression in human gastric cancer tissues; (B) qPCR was used to detect the expression of miR-513a-3p in human gastric cancer cells; (C and D), miR-5/3a-3p regulated the
toxicity of cisplatin to AGS (C) and NCI-N87 (D); (E-G) after transferring the miRNA, human gastric cancer cells were stimulated with or without |5 pg/mL cisplatin, and
then cells were harvested to detect apoptosis by flow cytometer, and the representative images were shown in (E and F), and the rates of apoptosis cells were statistically
compared (G); (H) immunoblotting was used to detected the expression of caspase-3 and cleaved caspase-3 protein in human gastric cancer cell. Each experiment was
repeated three times independently. Data was expressed as mean *SD, *p<0.001 vs NC group or NC+cisplatin group, and the p-value was calculated by post hoc

comparisons.

investigate the effect of CYPIBI on the resistance to
cisplatin in human GC cells, we established CYPIBI
knockdown GC cells by transfection into si-CYPIBI and
established CYPIBI overexpression GC cells by transfec-
tion into pcDNA3.1-CYPIBI (Figure 6C). Then knock-
down of CYPIBI increased cisplatin-induced apoptosis
of GC cells, while overexpression of CYPIBI decreased
cisplatin-induced apoptosis of GC cells (Figure 6D and
6E). More importantly, cisplatin induced less apoptosis in
GC cells cotransfected with pcDNA3.1-CYP/B! and si-
UCAIl compared to the transfection of si-UCAI alone
(Figure 7A and 7B). At the same time, cisplatin induced
more apoptosis in GC cells cotransfected with miR-513a-
3p-mimic and si-CYPIBI compared to transfection of the
miR-513a-3p-mimic alone (Figure 7C and 7D).

Discussion

Surgical removal of tumors can clear visible tumors from
the surgical area but tumor cells may remain outside the
surgical area, which are the main cause of recurrence and
metastasis. The purpose of postoperative adjuvant che-
motherapy is to clear these tumor cells, reduce the prob-
ability of recurrence and prolong patient survival.”*
Cisplatin, one of the most commonly used chemotherapeu-
tic drugs for GC patients, is used in combination with 5-
fluorouracil, oxaliplatin, and calcium folinate as an adju-
vant treatment for GC patients.”>** Unfortunately, many
GC patients are insensitive to cisplatin over time, even-
tually influencing the efficacy of chemotherapy.”>*® In

recent years, efforts have been devoted to understanding
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Figure 6 CYPIBI promotes cisplatin induced apoptosis in human gastric cancer cells. (A) There was a negative correlation between UCA| expression and CYPIBI mRNA
expression in human gastric cancer tissues; (B) there was a negative correlation between CYPIB/| expression and miR-5/3a-3p expression in human gastric cancer tissues;
(C) immunoblotting was used to detected the expression of CYPIBI protein in human gastric cancer cells; (D and E) CYPIB/ knockdown increased cisplatin induced
apoptosis, while CYP/BI overexpression decreased cisplatin induced apoptosis in NCI-N87 cells (D), and apoptotic cells were statistically compared (E). Each experiment
was repeated three times independently. The rate of apoptosis cells was shown as mean +SD, *p<0.001 vs si-NC group, and **p<0.001 vs pcDNA3.| group, and the p-value

was calculated by Student’s t-test.

the mechanism of chemoresistance and investigating the
genes/pathways involved.”'® Recent research has docu-
mented that post-transcriptional and translational controls
have key roles in the mechanism of cellular-mediated
resistance to anticancer drug treatment, involving numer-
ous noncoding RNA.?!

LncRNA is more than 200 nucleotides in length and
although it does not encode a protein, it can become a
platform for integration with other DNA and RNA due to
its long primary structure.”’*® Moreover, it can also form a
diverse and complex secondary space structure and can
interact with protein molecules to exert biological
functions.”’*® Compared with the mRNA encoding pro-
tein, most IncRNAs are also produced by RNA polymer-
ase catalytic transcription II but the sequence of IncRNAs
is less conservative and the expression abundance is lower,
showing a strong specificity in tissues and cells.?”-*®
LncRNA was originally regarded as “garbage” for gene
transcription, a by-product of RNA polymerase transcrip-
tion, and had no biological effect.””** However, in recent
years, IncRNA has been found to be involved in X chro-
mosome silencing, chromatin

genomic imprinting,

modification, activation of chromatin transcription, infec-
tion of chromatin transcription and intracellular transport,
and the regulatory effect shown by IncRNA has been
valued by researchers.” In cancer, many IncRNAs are
abnormally expressed in malignant tumor tissues, which
are involved in regulating tumor progression and are
related to the efficacy and prognosis of chemotherapy.?’
In addition, IncRNAs are involved in regulating tumor cell
proliferation, invasion, migration, and sensitivity to che-
motherapy drugs in vitro.*

UCA1 is located on human chromosome 19p13.12, and
is reportedly upregulated in bladder cancer, colorectal

cancer, ovarian cancer, and breast cancer,“’12

and pro-
motes cancer cell proliferation, invasion, migration, and
chemoresistance.'*'* In this study, we found that UCA/
expression in 53 cases of human GC tissues was signifi-
cantly higher than in the adjacent normal tissue, and
knockdown of UCA1 increased chemosensitivity to cispla-
tin by inducing cell apoptosis. Previous studies have found
that UCA functions as an oncogene, enhancing the resis-
tance of cancer cells to chemotherapy drugs by regulating

downstream gene expression.”’ In this study, we found
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Figure 7 CYPIBI reverses the regulation of cisplatin induced apoptosis by UCAI or miR-5/3a-3p in human gastric cancer cells. (A-B) CYP/BI overexpression decreased
cisplatin induced apoptosis in UCAI knockdown NCI-N87 cells using detection of flow cytometer (A), and apoptotic cells were statistically compared (B); (C and D)
CYPIBI knockdown increased cisplatin induced apoptosis in miR-5/3a-3p knockdown NCI-N87 cells using detection of flow cytometer (C), and apoptotic cells were
statistically compared (D). Each experiment was repeated three times independently. The rate of apoptosis cells was shown as mean +SD, *p<0.001 vs si-UCA[ group,

*#p<0.001 vs inhibitor group, and the p-value was calculated by Student’s t-test.

that miR-513a-3p had the same binding sites to UCAI and
CYPIBI, UCAI, and miR-513a-3p inhibited each other’s
expression in GC cells, and UCA/ promoted the expres-
sion of CYPIBI, while miR-513a-3p inhibited the expres-
sion of CYPIBI protein in human GC cells. MicroRNA
(miRNA), another type of noncoding RNA regulates the
translation of one or more mRNA molecules by binding to
their 3'-UTRs, leading to translational inhibition or mRNA
degradation. At the same time, miRNA is also a bridge for
IncRNA to regulate protein expression, as IncRNA indir-
ectly reduces miRNA’s regulation of target gene expres-
sion by combining with miRNA.*’~

MiR-513a-3p can bind to both UCAI and CYPIBI in
the same site and has been found to play an important role
in the regulation of chemoresistance, for example, miR-

513a-3p sensitizes human lung adenocarcinoma cells to
chemotherapy by targeting GSTPI.>' In this study, we
found that overexpression of miR-513a-3p increased cis-
platin-induced apoptosis, while knockdown of miR-513a-
3p increased cisplatin-induced apoptosis in human GC
cells. This might be related to miR-513a-3p promoting
cell apoptosis by inhibiting the expression of Bcl2.*
Herein, we found that miR-513a-3p targeted inhibition of
CYPIBI expression.

The cytochrome P450 family 1 subfamily B member 1
(CYPIBI) acts as an executor of the UCAI/miR-513a-3p/
CYPIBI molecular axis regulating GC cell resistance to
cisplatin and has been found to play an important role in
the regulation of apoptosis and chemoresistance.>***
CYPIBI is a member of the cytochrome P450 supergene
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family, and involved in the regulation of multiple impor-
tant transcription factors, helping cancer cells reduce the
toxicity of chemical drugs by oxidizing and metabolizing a
variety of pre-carcinogens and anticancer drugs, such as
the activation of polycyclic aromatic hydrocarbons, het-
erocyclic amines, aromatic amines, nitrates and mediating

1.35:3¢ Furthermore,

C4-hydroxylation of 17-estradio
CYPIBI metabolite 4-hydroxylated estrogen can signifi-
cantly increase the level of 8-hydroxyguanine causing
DNA single-strand breaks, has a DNA damaging effect,
and potential carcinogenicity.’’*®* For chemoresistance,
previous studies have found that CYPIBI enhances the
resistance of epithelial ovarian cancer cells to paclitaxel
in vivo and in vitro,>® and suppression of CYPIBI syner-
gizes with anticancer drugs.*® CYP/BI enhanced chemore-
sistance may be related to CYP1 inhibiting cancer cell
apoptosis through spl-mediated suppression of trail
expression.*!

To further confirm that CYPIB] is the executor of the
UCA1/miR-513a-3p/CYPIB1 molecular axis regulating
GC cell apoptosis induced by cisplatin, we simultaneously
knocked down UCAI and overexpressed CYPIBI in GC
cells, or knocked down both CYPIBI and miR-513a-3p,
finding that overexpression of CYPI/BI reduced chemo-
sensitivity to cisplatin increased by knockdown of UCAI,
and knockdown of CYPIB]I increased chemosensitivity to
cisplatin decreased by knockdown of miR-513a-3p in
human GC cells. Therefore, in conclusion, IncRNA

UCAl enhances cisplatin resistance by regulating
CYPiBI-mediated apoptosis via miR-513a-3p in
human GC.
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