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Gastric cancer (GC) is the most deadly gastrointestinal malignancy with high incidence and mortality. Although, molecular
mechanisms which drive gastric cancer progression are extensively investigated, the roles of long noncoding RNA (lncRNA) in
gastric cancer growth and drug sensitivity remain unclear. Platinum is a mainstay to treat gastric cancer, and platinum
resistance always leads to the local recurrence of gastric cancer. Therefore, it is important to identify biomarkers or therapeutic
targets to sensitize gastric cancer to platinum. In this study, we employ noncoding RNA sequencing and found that lncRNA
PITPNA-AS1 is overexpressed in gastric cancer tissues and associated with poor survival of gastric cancer patients. Kockdown
of PITPNA-AS1 in gastric cancer cells significantly inhibited cell growth and triggered apoptotic cell death in gastric cancer
cells. Also, cisplatin treatment could decrease PITPNA-AS1 levels in gastric cancer cells through inhibiting H3K27ac. Besides,
PITPNA-AS1 is elevated in cisplatin-resistant gastric cancer cells and tissues, PITPNA-AS1 knockdown could sensitize gastric
cancer cells to cisplatin treatment. Furthermore, we identified that PITPNA-AS1 directly interacts and inhibits miR-98-5p.
Therefore, PITPNA-AS1 could be served as a potential biomarkers and curative therapeutic targets for gastric cancer progression.

1. Introduction

Gastric cancer (GC) is the fourth most commonly diagnosed
cancer and the second most common cancer-related mortal-
ity globally, with approximately 738,000 people died of GC
each year worldwide [1, 2]. Despite the remarkable progres-
sive improvement in surgical and medical techniques, prog-
nosis of patients with GC remains relatively poor, mainly
due to its high recurrence and metastasis incidence [3]. Neo-
adjuvant chemotherapy improves overall survival of GC
patients in comparison to traditional chemotherapy or sur-
gery alone. 5-Fluorouracil combined with cisplatin has been
convincingly proved survival benefits for HER-2-positive
patients [4–6]. As the main chemotherapy treatment for

postoperative GC patients, the efficacy of platinum has been
largely limited due to the chemo-resistance [7]. Laboratory
studies illustrated that resistance to platinum is almost mul-
tifactorial, which includes impaired cellular uptake of plati-
num drug [8], reinforced endocellular detoxification by
glutathione and metallothionein systems [9], enhanced
DNA repair capacity, enhanced tolerance to DNA damage
[10], and rising restore of DNA damage [8, 11].

Long noncoding RNAs (LncRNAs) are a class of non-
coding RNAs longer than 200nt without protein coding
potential. Several lncRNAs were confirmed as biotargets
for modulating cisplatin resistance in cancer through the cell
cycle, apoptosis, and Wnt pathways [12], which acts as a
competing endogenous RNA or directly binding to mRNAs
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or proteins and regulating their expression and functions
[13]. LncRNA PITPNA antisense RNA 1 (PITPNA-AS1) is
located in chromosome 17p13.3, with the function of regu-
lating cell growth and motility of hepatocellular carcinoma
via miR-876-5p/WNT5A pathway, which was affirmed by
rescue and in vivo experiments [14]. Furthermore,
PITPNA-AS1 was found to be involved in promoting EMT
process to promote proliferation and metastasis of non-
small-cell lung cancer. Based on the fact that EMT is an
important mechanism for regulating platinum resistance,
we hypothesized that PITPNA-AS1 took part in mediating
platinum resistance as well.

MiRNAs are another type of noncoding RNAs with 19-
24 nt in length, which could posttranscriptionally repress
gene expression via binding to the 3′-untranslated region
(3′-UTR) of mRNA [15]. Wei et al. summarized expression
levels and potential targets of 53 microRNAs (miRNAs)
which participated in platinum resistance of gastric cancer
[16]. It has been reported that several oncogenic miRNAs
can promote platinum resistance of gastric cancer, such as
miR-20a [17] and miR-106a [18], while tumor suppressive
miRNAs can reverse platinum resistance, such as miR-
508p [19] and miR-129-5p [20]. As a valid tumor suppres-
sor, microRNA-98-5p (miR-98-5p), which is one member
of let-7 family, is usually downregulated in various cancers,
such as nasopharyngeal carcinoma [21] and endometrial
cancer [22]. But increased expression of miR-98-5p has been
observed in primary breast cancer swatches [23]. Perhaps
miR-98 has completely opposite obligation in different types
of cancers. A series of assays have elucidated that MiR-98-5p
was expressed significantly lower in pancreatic ductal adeno-
carcinoma tissues compared with normal tissue and its
expression was highly associated with tumor size, TNM
stage, lymph node metastasis, and survival. And it could
negatively regulate MAP4K4 and inhibit MAPK/ERK signal-
ing [24]. Until now, few studies implemented the function of
miR-98-5p in GC.

Although recent advanced studies identify molecular ele-
ments of GC, the precise mechanisms of tumourigenesis
remain largely unknown [25]. Therefore, the clarification
of new pathogenesis is vital for practical targeted treatment
for GC; many studies verified that lncRNA and miRNA
played vital functions in the development and therapeutic
resistance of cancers and their aberrant expression emerged
as important hallmarks of multiple cancers [26–28]. How-
ever, few studies reported the molecular mechanisms of
PITPNA-AS1 and miR-98-5p in GC, especially when it
comes to their relationship with platinum resistance. Thus,
we investigate the role of PITPNA-AS1 and miR-98-5p in
GC and their connection with platinum resistance.

2. Results

2.1. RNA Sequencing for lncRNA and MicroRNA in 3 Gastric
Cancer Patients. To identify the differentiated expression
noncoding RNA (ncRNA) in cisplatin sensitive and cisplatin
resistant gastric cancer tissues, we have performed ncRNA
sequencing including lncRNA and microRNA using gastric
cancer tissue (cisplatin sensitive vs. resistant). The top 20

upregulated lncRNAs and microRNAs including PITPNA-
AS1 are shown in Figure 1. Elevated expression of
PITPNA-AS1 was previously detected in gastric cancers;
our ncRNA sequencing further showed that PITPNA-AS1
was downregulated in cisplatin resistant gastric cancer. To
identify the downstream effector of PITPNA-AS1, we used
DIANA on-line software, which is a website-based tool to
prediction miRNA-lncRNA interactions, and found that
miR-98-5p might be the target of PITPNA-AS1.

2.2. PITPNA-AS1 Expression Was Correlated with Local
Recurrence in Gastric Cancer Patients. To further confirm
the PITPNA-AS1 expression in gastric cancer tissues com-
pared with their matched normal tissue, we have measured
PITPNA-AS1 expression in 153 gastric cancer tissues com-
pared with para-cancer tissues and found that PITPNA-
AS1 was significantly increased cancer tissues; meanwhile,
the level of its putative target miR-98-5p significantly
downregulated in cancer tissues (Figures 2(a) and 2(b)).
In addition, the patients’ survival analysis showed that
the high expression of PITPNA-AS1 was associated with
poor survival (Figure 2(c)). On the contrary, the high level
of miR-98-5p was associated with better overall survival
(Figure 2(d)). Besides, the expression of PITPNA-AS1
was negatively correlated with miR-98-5p expression in
gastric cancer tissues (Figure 2(e)). Furthermore, signifi-
cant higher level of PITPNA-AS1 has been detected in
local recurrent gastric cancer patients compared with non-
recurrent cancer tissues, while miR-98-5p was downregu-
lated in local recurrent gastric cancer tissues (Figures 2(f)
and 2(g)).

2.3. PITPNA-AS1/miR-98-5p Regulated Cell Proliferation
and Inhibits Apoptosis in Gastric Cancer Cell Lines. Next,
we measured the PITPNA-AS1 levels in gastric cancer cells,
and found that PITPNA-AS1 was overexpressed in human
gastric cancer cell lines including MKN45 and AGS, but
not in in normal gastric mucosal cell line GES-1 (Figure 3
(a) and Sup Figure 1). Meanwhile the expression of miR-
98-5p was lower in MKN45 and AGS than that in GSE-1
cell line (Figure 3(b)). To investigate the biological roles of
PITPNA-AS1 in gastric cancer, knocked down the
expression of PITPNA-AS1 in MKN45 and AGS cells (Sup
Figures 2a and 2b), and found that silence of PITPNA-AS1
significantly inhibited cancer cell proliferation (Figures 3(c)
and 3(d)). Also, PITPNA-AS1 knockdown caused
apoptotic cell death in MKN45 and AGS cells, as
evidenced by significant increased caspase 3/7 activity. In
contrast with PITPNA-AS1, ectopic expression of miR-98-
5p (Sup Figures 2c and 2d) could significantly decreased
cell proliferation rate and enhanced cell apoptosis rate
(Figures 3(g)–3(j)).

2.4. PITPNA-AS1 Negatively Regulated the Expression of
miR-98-5p. To validate whether miR-98-5p could be the tar-
get of PITPNA-AS1, we examined the miR-98-5p expression
after PITPNA-AS1 knockdown and found that silence of
PITPNA-AS1 significantly increased the level of miR-98-5p
(Figures 4(a) and 4(b)). Then, we performed dual luciferase
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reporter gene assay and found that PITPNA-AS1 was associ-
ated with miR-98-5p in cell (Figures 4(c) and 4(d)). We fur-
ther performed in vitro RNA pulldown assay and found that
PITPNA-AS1 directly interacted with miR-98-5p (Figures 4
(e) and 4(f)).

2.5. PITPNA-AS1 Expression Can Be Suppressed by Cisplatin
in Gastric Cancer Cell Lines. PITPNA-AS1 was decreased in
the cisplatin-resistant gastric cancer tissues; we then exam-
ined whether cisplatin treatment whether could affect
PITPNA-AS1 expression. As shown in Figure 5(a), the half
maximal inhibitory concentration (IC50) of CDDP in
MKN45 is 0.52μg/mL and the IC50 in AGS is 0.59 μg/mL
(Figure 5(b)). We used CDDP (0.52 μg/mL) to treat
MKN45 and CDDP (0.59 μg/mL) to treat AGS cells for 24
hours and found that PITPNA-AS1 expression can be signif-
icantly suppressed after cisplatin treatment (Figures 5(c) and
5(d)).

In the meantime, we also detected that CDDP treatment
could significantly increase expression of miR-98-5p in
MKN45 (0.52μg/mL) and in AGS cells (0.59μg/mL)
(Figures 5(e) and 5(f)). To study the mechanism which leads
to PITPNA-AS1 downregulation during cisplatin treatment,
we examined H3K27ac levels after cisplatin treatment, since
H3K27ac is a well-established marker for active enhancers
and promoters. As shown in Figure 5(g), we found that
H3K27ac expression was significantly suppressed in
MKN45 and AGS cells when treated with CDDP.

2.6. PITPNA-AS1/miR-98-5p Regulated by H3K27ac
Influenced the Effect of Platinum. We have generated
cisplatin-resistant MKN45 cells (MKN45-CDDPR), the
IC50 of which is 2.60 μg/mL, which MKN45 parental cell
has a IC50 of 0.59μg/mL (Figure 6(a)). Then, we checked
PITPNA-AS1 expression in MKN45 parental and cisplatin
resistant cells, and we found that PITPNA-AS1 was over-
expressed in MKN45-CDDPR compared with parental
cells (Figure 6(b)); meanwhile, we also detected that
miR-98-5p was downregulated in cisplatin-resistant cells
(Figure 6(c)).

Furthermore, we also found that H3K27ac was upregu-
lated in MKN45-CDDPR cells (Figure 6(d)), which could
be significantly suppressed by cisplatin treatment (Figure 6
(e)). Furthermore, Chip assay showed that H3K27ac
enriched more in the promotor region of PITPNA-AS1 in
MKN45-CDDPR cells than in parental cells (Figures 6(f)
and 6(g)). By treating with C646, the expression of
PITPNA-AS1 in MKN45-CDDPR could be significantly
suppressed (Figure 6(h)). Then, we transfected PITPNA-
AS1-WT plasmids and found that PITPNA-AS1 knock
down could suppress IC50 of MKN45-CDDPR, which could
be reversed by miR-98-5p knock down (Figure 6(i)).

3. Discussion

Collectively, in this study, we discovered the role of
PITPNA-AS1 and miR-98-5p in gastric cancer through gain
and loss-of-function assays and analyzed the mechanism by
which PITPNA-AS1 regulates apoptosis and drug resistance
through the miR-98-5p targeting axis.

Gastric cancer is one of the leading public health prob-
lems worldwide because of its high incidence, morbidity,
and mortality rate [29]. Currently, lacking of screening
methods and early symptom, patients are most often diag-
nosed at advanced stages, with metastatic at distant sites
and somber prognosis (median overall survival is 10-12
months) [30, 31]. For locally advanced disease, adjuvant
or neoadjuvant therapy which recognized as the optimal
therapeutic option is usually introduced with surgery
owing to its curability [30]. Fluoropyrimidine plus oxali-
platin doublet is considered as the preferred first-line reg-
imen due to its comparable survival benefits and lower
toxicity [32]. Overcoming resistance is still a challenge in
GC chemotherapy.

LncRNAs are associated with the tumor recurrence and
poor prognosis, and abnormal expression has been observed
in various tumors [33]. Mounting evidence elucidated that
lncRNAs could act as oncogenes or tumor suppressors by
modulating the gene expression or function in tumorigenesis
[34], which possibly induce significant influence on the
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Figure 1: RNA sequencing for lncRNA and microRNA in 3 gastric cancer patients. (a) Heatmap based on the lncRNA NGS between gastric
cancer and matched normal tissues to show the top 20 differentially expressed genes. (b) Heatmap based on the microRNA NGS between
gastric cancer and matched normal tissues to show the top 20 differentially expressed microRNAs in gastric cancer.
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Figure 2: Continued.
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alterations of cell proliferation, metastasis, autophagy, and
apoptosis [35, 36]. Our study indicated that lncRNA
PITPNA-AS1 was highly expressed in gastric cancer patients
and was associated with poor prognosis. Alteration of gene
expression is correlated with the cancer specific survival of
patients. PITPNA-AS1 was overexpressed in MKN45 cell
line while knocking down PITPNA-AS1 resulted in inhibit-
ing cell proliferation rate and increasing apoptosis rate. We
first time inspected the role of PITPNA-AS1 in GC, which
founding the basis for further exploration.

Next, we investigated the potential mechanism under-
lying PITPNA-AS1. Biased on current study, mechanism
assays unveiled that PITPNA-AS1 targeted miR-98-5p.
Dual-luciferase reporter gene assay, RNA pull-down assay,
and RIP consequence provided powerful evidence that
PITPNA-AS1 could interact with miR-98-5p. Moreover,
knocking down of PITPNA-AS1 resulted in decreased
expression of miR-98-5p, which confirmed this discovery
again. The antitumor function of miR-98-5p has been doc-
umented yet. For instances, Fu et al. recognized miR-98-5p
underexpression as biomarkers for predicting poor prog-
nosis in pancreatic ductal adenocarcinoma (PDAC)
patients because miR-98-5p inhibits proliferation and
metastasis via targeting MAP4K4 [24]. Acting as a tumor
suppressor, miR-98 could decelerate cancer aggressiveness
by inhibiting TWIST expression in non-small-cell lung
cancers [37]. In hepatocellular carcinoma (HCC), miR-
98-5p could restrain cell proliferation and induce cell apo-
ptosis via inhibition of its target gene IGF2BP1 [38]. As
for colon cancer, miR-98 plays the role of tumor suppres-
sor gene and inhibits Warburg effect by targeting HK2
(HK2 involves in miR-98-mediated suppression of glucose
uptake, lactate production, and cell proliferation, whose
expression was negatively correlated with miR-98) in colon

cancer cells, which provided promising therapeutic candi-
date for clinical treatments [39].

In our study, miR-98-5p was shown to be downregulated
in GC. Overexpression of miR-98-5p led to decreased cell
proliferation rate and ascended apoptosis rate. Moreover,
inhibition of miR-98-5p partially reversed the inhibitory
effects of PITPNA-AS1 on GC cell proliferation and apopto-
sis. Thus, we draw the conclusion that PITPNA-AS1 exerts
its tumor-promotion effect in GC via negatively modulating
the expression of miR-98-5p. Laboratory findings were con-
sistent with literature reports. Guo et al. revealed that
lncRNA PITPNA-AS facilitates the cervical cancer progres-
sion on the proliferation, cell cycle, and apoptosis by target-
ing the miR-876-5p/c-MET axis [40].

It is well-established that aberrant lncRNA expression is
strongly implicated in drug resistance in some cancers [41,
42]. Our experiments uncovered that cisplatin (CDDP) and
lobaplatin (LBP) could suppress PITPNA-AS1 expression
and induce expression of miR-98-5p in GC cell lines.
Besides, PITPNA-AS1 was overexpressed in MKN45-
CDDPR and MKN45-LBPR, which could confer GC cell
resistance to platinum drugs, compared with their parental
cells. However, miR-98-5p has the opposite effects. Further-
more, PITPNA-AS1-WT could reverse the inhibitory effect
of platinum. These data demonstrated that PITPNA-AS1/
miR-98-5p had a major role in regulating platinum-
resistant in GC cells. Consistent with aforementioned find-
ings, Wang’s studies have identified that elevated expression
of miR-98-5p is associated with resistance to cisplatin treat-
ment through directly targeting Dicer1 and poor clinical
outcomes in epithelial ovarian cancer patients [43]. Guo’s
studies have illustrated that cancer-associated fibroblast-
derived exosomal who carrying overexpressed miR-98-5p
promoted cisplatin resistance in ovarian cancer by
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Figure 2: PITPNA-AS1 expression was correlated with local recurrence in gastric cancer patients. (a) PITPNA-AS1 expression was
measured using qRT-PCR method in gastric cancer tissues compared with matched normal tissues. (b) miR-98-5p expression was
measured using qRT-PCR method in gastric cancer tissues compared with matched normal tissues. (c) Survival analysis shown as KM-
plot for PITPNA-AS1 high-expression group and low-expression group in gastric cancer patients. (d) Survival analysis shown as KM-
plot for miR-98-5p high-expression group and low-expression group in gastric cancer patients. (e) The correlation of PITPNA-AS1 and
miR-98-5p based on qRT-PCR method in gastric cancer patients. (f) PITPNA-AS1 expression was measured by qRT-PCR in gastric
cancer patients stratified by local recurrence and nonlocal recurrence. (g) miR-98-5p expression was measured by qRT-PCR in gastric
cancer patients stratified by local recurrence and nonlocal recurrence.
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Figure 3: Continued.
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downregulating CDKN1A [44]. An existing study has
revealed that miR-129 could enhance chemosensitivity to
cisplatin by suppressing P-gp protein in GC cells [45].

Conjointly, these results suggest that miR-98-5p could be
served as a novel prognostic factors and critical therapeutic
target in GC by enhancing chemo-sensitivity for platinum
treatment against GC. However, downstream signal mole-
cule and other biological processes are required further
investigation.

4. Materials and Methods

4.1. Gastric Cancer Patients. The GC tissues and local recur-
rence GC tissues, as well as the corresponding para-cancer
tissues, were collected from the patients who were diagnosed
as GC by surgical resection at the First Affiliated Hospital of
Xi’an Jiao Tong University. All patients were treated with
800mg/m2

fluorouracil (civ 24 h, d1~5) and 80mg/m2 cis-
platin (ivgtt, d1) for 2 cycles before surgery and 2-4 cycles
after surgery. Routine blood test and chest and abdominal
CT were performed every 2 months during the follow-up.
Local recurrence was determined based on the CT results.
All of the samples were pathologically diagnosed and stored
in liquid nitrogen. All of the patients had signed a written
informed consent. The present study gained approval from
the Ethics Committee of The First Affiliated Hospital of
Xi’an Jiao tong University. And all experiments were con-
ducted in accordance with relevant guidelines and regula-
tions, which is consistent with the Declaration of Helsinki
regulations.

4.2. Cell Culture. The human GC cell lines MKN45 and AGS
were purchased from Shanghai Gaining Biological Technol-

ogy Co., Ltd. (Shanghai, China), and the human gastric epi-
thelial cell line GES-1 was obtained from American Type
Culture Collection (Virginia, USA). All the cells were cul-
tured in DMEM medium (HyClone, USA) containing 10%
fetal bovine serum (Gibco, USA) and 1% penicillin-
streptomycin (HyClone, USA) in a 37°C and 5% CO2 incu-
bator. The GC cells were then treated with continuous low-
dose of cisplatin in a stepwise manner to developed cisplatin
resistant GC (MKN45-CDDPR) cells.

4.3. Cell Transfection. The PITPNA-AS1 knockdown and
miR-98-5p overexpression plasmids were purchased from
GeneChem (Shanghai, China). The above plasmids were
delivered into MKN45 and AGS cell lines by using the Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA) reagent
according to the manufacturer’s instruction.

4.4. RNA Sequencing. The RNA sequencing process was
guided and supported by GeneChem (Shanghai, China). In
brief, total RNA was extracted from 3 GC patients’ tissues
and corresponding normal tissues by using TRIzol (Invitro-
gen, Carlsbad, CA). And the RNA purification was per-
formed by using the RNA Clean XP Kit (Beckman Coulter,
Kraemer Boulevard Brea, CA) and the RNase-Free DNase
Set (QIAGEN, GmbH, Germany). Finally, the Illumina
HiSeq 2000/2500 (Illumina Inc., San Diego, CA) was used
for RNA sequencing.

4.5. qRT-PCR. Total RNA was extracted from GC tissues and
cell lines by using Trizol reagent (Invitrogen, Carlsbad, CA,
USA). The cDNA was generated by using the first-strand
cDNA synthesis kit (Tiangen Biotech, Beijing, China). The
expression levels of PITPNA-AS1 was tested by conducting
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Figure 3: PITPNA-AS1/miR-98-5p regulated cell proliferation and inhibits apoptosis in gastric cancer cell lines. (a) PITPNA-AS1
expression was measured by qRT-PCR in gastric cancer cells, MKN45 and AGS compared with normal gastric cell GES1. (b) miR-98-5p
expression was measured by qRT-PCR in gastric cancer cells, MKN45 and AGS compared with normal gastric cell GES1. (c) Cell
viability was measured by CCK-8 assay for PITPNA-AS1 silence AGS cells and negative control plasmids transduced AGS cells. (d) Cell
viability was measured by CCK-8 assay for PITPNA-AS1 silence MKN45 cells and negative control plasmids transduced MKN45 cells.
(e) Apoptosis was measured by caspase 3/7 activity kit for PITPNA-AS1 silence AGS cells and negative control plasmids transduced
AGS cells. (f) Apoptosis was measured by caspase 3/7 activity kit for PITPNA-AS1 silence MKN45 cell line and negative control
plasmids transduced MKN45 cells. (g) Cell viability was measured by CCK-8 assay for miR-98-5p overexpression AGS cells and negative
control plasmids transduced AGS cells. (h) Cell viability was measured by CCK-8 assay for miR-98-5p overexpression MKN45 cells and
negative control plasmids transduced MKN45 cells. (i) Apoptosis was measured by caspase 3/7 activity kit for miR-98-5p overexpression
AGS cells and negative control plasmids transduced AGS cells. (j) Apoptosis was measured by caspase 3/7 activity kit for miR-98-5p
overexpression MKN45 cells and negative control plasmids transduced MKN45 cells.
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qRT-PCR using SYBR® Premix Dimer Eraser kit (Takara
Shiga, Japan). And β-actin was used as the inner reference.
The miScript microRNA RT PCR kit (Qiagen, Toronto,
ON, Canada) was used for cDNA synthesis and qRT-PCR
process for miR-98-5p expression. U6 was used as the inter-
nal reference. ABI 7500 Real-Time PCR system (Applied
Biosystems, Carlsbad, CA, USA) was conducted to perform
the qRT-PCR process. The expression level was calculated
by 2 − ΔΔCt method.

4.6. Western Blot. The total proteins were extracted from
GC cells by using RIPA lysis buffer (Sigma-Aldrich, Darm-
stadt, Germany) and were quantified by BCA Protein
Assay Kit (Beyotime, Shanghai, China). Then, proteins
were diverted onto PVDF membranes (Millipore, USA)
after separated by SDS-PAGE. The transferred PVDF
membranes were blocked by using 5% skim milk and then
were incubated overnight at 4°C with primary antibodies,
which is including H3K27ac (1 : 1000, CST, Shanghai,

m
iR

-9
8-

5p
(F

ol
d 

Ch
an

ge
)

4

3

2

1

0

PI
TP

N
A-

A
S1

D
ow

nr
eg

ul
at

io
n

N
C

⁎

(a)

m
iR

-9
8-

5p
(F

ol
d 

Ch
an

ge
)

4

3

2

1

4

N
C

PI
TP

N
A-

A
S1

D
ow

nr
eg

ul
at

io
n

⁎

(b)

Lu
ci

fe
ra

se
 ac

tiv
ity

1.5

1.0

0.5

0.0

PI
TP

N
A-

A
S1

-W
T 

&
m

iR
-9

8-
5p

-N
C

PI
TP

N
A-

A
S1

-W
T 

&
m

iR
-9

8-
5p

PI
TP

N
A-

A
S1

-M
ut

 &
m

iR
-9

8-
5p

-N
C

PI
TP

N
A-

A
S1

-M
ut

 &
m

iR
-9

8-
5p

⁎

(c)

1.5

1.0

0.5

0.0Lu
ci

fe
ra

se
 ac

tiv
ity

PI
TP

N
A-

A
S1

-W
T 

&
m

iR
-9

8-
5p

-N
C

PI
TP

N
A-

A
S1

-W
T 

&
m

iR
-9

8-
5p

PI
TP

N
A-

A
S1

-M
ut

 &
m

iR
-9

8-
5p

-N
C

PI
TP

N
A-

A
S1

-M
ut

 &
m

iR
-9

8-
5p

⁎

(d)

PITPNA-AS1

Be
ad

s

m
iR

-9
8-

5p
-W

t

m
iR

-9
8-

5p
-M

utPI
TP

N
A-

A
S1

(F
ol

d 
Ch

an
ge

)

4

3

2

1

0

Be
ad

s

m
iR

-9
8-

5p
-W

t

m
iR

-9
8-

5p
-M

ut

⁎

(e)

PITPNA-AS1

Be
ad

s

m
iR

-9
8-

5p
-W

t

m
iR

-9
8-

5p
-M

ut

PI
TP

N
A-

A
S1

(F
ol

d 
Ch

an
ge

)

5

4

3

2

1

0

Be
ad

s

m
iR

-9
8-

5p
-W

t

m
iR

-9
8-

5p
-M

ut
⁎

(f)

Figure 4: PITPNA-AS1 negatively regulated the expression of miR-98-5p. (a) miR-98-5p expression was measured by qRT-PCR in
PITPNA-AS1 silence AGS cells. (b) miR-98-5p expression was measured by qRT-PCR in PITPNA-AS1 silence MKN45 cells. (c) Dual-
luciferase reporter gene assay was used to investigate the interaction between miR-98-5p and PITPNA-AS1 in AGS cell line. (d) Dual-
luciferase reporter gene assay was used to investigate the interaction between miR-98-5p and PITPNA-AS1 in MKN45 cell line. (e) RNA
pull down assay following qRT-PCR and PCR agarose gel electrophoresis was used to investigate the interaction between miR-98-5p and
PITPNA-AS1 in AGS cell line. (f) RNA pull down following qRT-PCR and PCR agarose gel electrophoresis was used to investigate the
interaction between miR-98-5p and PITPNA-AS1 in MKN45 cell line.
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China) and Histone H3 (1 : 2000, CST, Shanghai, China).
Subsequently, the membranes were incubated with the sec-
ondary antibody (1 : 10000, Beyotime, Shanghai, China).
Then, the enhanced chemiluminescence (ECL, Beyotime,
Shanghai, China) was used to quantify the protein expres-
sion levels.

4.7. Cell Proliferation. In order to evaluate the proliferation
and cisplatin resistance of GC cells, the cell counting kit-8
(CCK-8) kit (AbMole, USA) was used according to the man-
ufacturer’s protocol. Briefly, GC cells were seeded in 96-well
plates with a density of 5 × 103 cells per well, then 10μL of
CCK-8 reaction solution was supplemented into each well
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Figure 5: PITPNA-AS1 expression can be suppressed by cisplatin in gastric cancer cell lines. (a) IC50 of AGS to CDDP was detected by
CCK-8 assay. (b) IC50 of MKN45 to CDDP was detected by CCK-8 assay. (c) CDDP suppressed PITPNA-AS1 expression, which was
measured by qRT-PCR, in AGS cell line. (d) CDDP, which was measured by qRT-PCR, suppressed PITPNA-AS1 expression in MKN45
cell line. (e) CDDP induced miR-98-5p expression, which was measured by qRT-PCR, in AGS cell line. (f) CDDP induced miR-98-5p
expression, which was measured by qRT-PCR, in MKN45 cell line. (g) CDDP suppressed H3K27ac expression, which was measured by
Western blot, in MKN45 and AGS cell lines.
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Figure 6: Continued.
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every 24h followed by incubation for 2 h. Then, the optical
density (OD) values of GC cells at 450nm were detected to
assess cell proliferation of GC.

4.8. Cell Apoptosis Assay. The Caspase 3/7 Activity Apopto-
sis Assay Kit (Invitrogen) was used to detect the apoptosis
rate of GC cells. According to the manufacturer’s instruc-
tion, GC cells were plated into the 96-well plate overnight
at 20000 cells per well. Then, 50μL of caspase 3/7 substrate
(component A) was added into 10mL of assay buffer (com-
ponent B) to make caspase 3/7 assay loading solution. GC
cells were incubated in a 37°C, 5% CO2, incubator for 6 h
after treated with camptothecin to induce apoptosis. Then,
GC cells were added with 100μL/well of caspase 3/7 assay
loading solution, followed by supplemented with the assay
loading solution at room temperature under dark conditions
for 1 h of incubation. Finally, GC cells were centrifuged at
800 rpm for 2min, then the fluorescence intensity at Ex/

Em = 490/525 nm was monitored to evaluate cell apoptosis
rate.

4.9. Dual-Luciferase Reporter Gene Assay. The plasmids of
PITPNA-AS1 wild-type (PITPNA-AS1-WT) and
PITPNA-AS1 mutant type (PITPNA-AS1-Mut) were
cotransfected with the miR-98-5p-NC mimic into GC cells
by using Lipofectamine 2000 (Invitrogen, USA). And then
the miR-98-5p-WT and miR-98-5p-Mut vectors were
transfected into GC cells as well. Then, dual-luciferase
reporter system (Promega, Madison, WI, USA) was con-
ducted to estimate the luciferase activities based on the
manufacturer’s instruction.

4.10. RNA Pull-Down Assay. Biotin-labeled miR-98-5p-WT
and miR-98-5p-Mut were synthesized by GeneCreate
(Wuhan, China) and were transfected into GC cells which
were incubated with lysis buffer (Ambion, Austin, Texas,
USA). Then, the GC cell lysates were incubated with the
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Figure 6: PITPNA-AS1/miR-98-5p regulated by H3K27ac influenced the effect of platinum. (a) IC50 of MKN45-CDDPR to CDDP was
detected by CCK-8 assay. (b) PITPNA-AS1 expression, which was measured by qRT-PCR, in MKN45-CDDPR cell line was detected by
CCK-8 assay. (c) miR-98-5p expression, which was measured by qRT-PCR, in MKN45-CDDPR cell line. (d) H3K27ac expression, which
was measured by Western blot, in MKN45-CDDPR cell line. (e) CDDP suppressed the H3K27ac expression, which was measured by
Western blot, in MKN45-CDDPR cell line. (f) RIP assay was performed to show that H3K27ac enriched in the promotor region of
PITPNA-AS1 in parental cells. (g) RIP assay was performed to show that H3K27ac enriched more in the promotor region of PITPNA-
AS1 in MKN45-CDDPR cell line. (h) C646 suppressed the PITPNA-AS1 expression, which was measured by qRT-PCR. (i) CCK-8 assay
showed that PITPNA-AS1 knock down suppressed IC50 of MKN45-CDDPR, which be reversed by miR-98-5p knock down.
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streptavidin Dynabeads (Invitgen, USA) precoated with
RNase-free bovine serum albumin (BSA) and yeast tRNA
(Sigma-Aldrich, USA) overnight at 4°C. After washed with
washing buffer, the bound RNA was purified by using Trizol.
Finally, the enrichment of PITPNA-AS1 was identified and
estimated by performing qRT-PCR.

4.11. Statistics. The SPSS 18.0 software and the GraphPad
Prism 8.2 software were used to analyze and visualize the
data involved in this study. The Limma package were used
for RNA sequencing analysis. A paired Student’s t-test was
used to evaluate the statistical differences between two
groups. And one-way ANOVA was applied for multiple-
group comparison. The Kaplan-Meier survival analysis was
used to estimate the prognosis of GC patients. Each assay
was independently repeated at least three times, and all the
statistical results presented in this work were expressed as
mean ± standard deviation (SD). A p value of <0.05 was
indicative of statistically significant difference.

Data Availability

Data would be made available on request by sending e-mail
to the corresponding author.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Zhongling Ma designed and performed the experiments in
this study and completed the writing of the manuscript. Xin-
hanZhao and Hong Ren supervised the progression of the
study. Gang Liu completed the statistical analyses of the data
and contributed to the manuscript editing. Xiaojuan Zhao
plotted the statistic graphs. Suhong Hao helped to edit the
manuscript. All authors gave final approval of the version
to be published, and agreed to be accountable for all aspects
of the work.

Acknowledgments

We thanked for the contribution of Dr. Wang’s team to this
article. A preprint has previously been published [10.21203/
rs.3.rs-156344/v1] [46]. This study was financially supported
by the Innovation Capability Supporting Plan of Shaanxi
Province (2020TD-045).

Supplementary Materials

Sup1 Figure 1: FISH assay was used to show that PITPNA-
AS1 mainly resided in the plasma of MKN45 and AGS.
Sup Figure 2: (A) qRT-PCR was used to detect the expres-
sion of PITPNA-AS1 in PITPNA-AS1 silence AGS cells to
show the knocking down efficiency. (B) qRT-PCR was used
to detect the expression of PITPNA-AS1 in PITPNA-AS1
silence MKN45 cells to show the knocking down efficiency.
(C) qRT-PCR was used to detect the expression of miR-98-
5p in miR-98-5p overexpression AGS cells to show the over-

expression efficiency. (D) qRT-PCR was used to detect the
expression of miR-98-5p in miR-98-5p overexpression
MKN45 cells to show the overexpression efficiency.
(Supplementary Materials)

References

[1] A. Jemal, M. M. Center, C. DeSantis, and E. M. Ward, “Global
patterns of cancer incidence and mortality rates and trends,”
Cancer Epidemiology, Biomarkers & Prevention, vol. 19,
no. 8, pp. 1893–1907, 2010.

[2] J. Ferlay, H. R. Shin, F. Bray, D. Forman, C. Mathers, and D.M.
Parkin, “Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008,” International Journal of Cancer,
vol. 127, no. 12, pp. 2893–2917, 2010.

[3] A. E. Dassen, J. L. Dikken, C. J. H. van de Velde, M. W. J. M.
Wouters, K. Bosscha, and V. E. P. P. Lemmens, “Changes in
treatment patterns and their influence on long-term survival
in patients with stages I–III gastric cancer in The Nether-
lands,” International Journal of Cancer, vol. 133, no. 8,
pp. 1859–1866, 2013.

[4] A. D. Wagner, N. L. X. Syn, M. Moehler et al., “Chemotherapy
for advanced gastric cancer,” Cochrane Database of Systematic
Reviews, vol. 8, p. CD004064, 2017.

[5] L. Jiang, K. H. Yang, Q. L. Guan, Y. Chen, P. Zhao, and J. H.
Tian, “Survival benefit of neoadjuvant chemotherapy for
resectable cancer of the gastric and gastroesophageal junction
a meta-analysis,” Journal of Clinical Gastroenterology, vol. 49,
no. 5, pp. 387–394, 2015.

[6] GASTRIC, “Benefit of adjuvant chemotherapy for resectable
gastric cancer,” Journal of the American Medical Association,
vol. 303, no. 17, pp. 1729–1737, 2010.

[7] J. Pan, Z. Xiang, Q. Dai, Z. Wang, B. Liu, and C. Li, “Prediction
of platinum-resistance patients of gastric cancer using bioin-
formatics,” Journal of Cellular Biochemistry, vol. 120, no. 8,
pp. 13478–13486, 2019.

[8] D. P. Gately and S. B. Howell, “Cellular accumulation of the
anticancer agent cisplatin: a review,” British Journal of Cancer,
vol. 67, no. 6, pp. 1171–1176, 1993.

[9] “Positive correlation between cellular glutathione and
acquired cisplatin resistance in human ovarian cancer cells,”
Cell Biology and Toxicology, vol. 11, no. 5, pp. 273–281,
1995.

[10] S. W. Johnson, R. P. Perez, A. K. Godwin et al., “Role of
platinum-DNA adduct formation and removal in cisplatin
resistance in human ovarian cancer cell lines,” Biochemical
Pharmacology, vol. 47, no. 4, pp. 689–697, 1994.

[11] H. Masuda, R. F. Ozols, G. M. Lai, A. Fojo, M. Rothenberg, and
T. C. Hamilton, “Increased DNA repair as a mechanism of
acquired resistance to cis-diamminedichloroplatinum (II) in
human ovarian cancer cell lines,” Cancer Research, vol. 48,
no. 20, pp. 5713–5716, 1988.

[12] N. Abu, K. W. Hon, S. Jeyaraman, and R. Jamal, “Long non-
coding RNAs as biotargets in cisplatin-based drug resistance,”
Future Oncology, vol. 14, no. 29, pp. 3085–3095, 2018.

[13] L. Yuan, Z. Y. Xu, S. M. Ruan, S. Mo, J. J. Qin, and X. D. Cheng,
“Long non-coding RNAs towards precision medicine in gas-
tric cancer: early diagnosis, treatment, and drug resistance,”
Molecular Cancer, vol. 19, no. 1, p. 96, 2020.

[14] J. Sun, Y. Zhang, B. Li et al., “PITPNA-AS1 abrogates the inhi-
bition of miR-876-5p on WNT5A to facilitate hepatocellular

12 Journal of Oncology

https://doi.org/10.21203/rs.3.rs-156344/v1
https://doi.org/10.21203/rs.3.rs-156344/v1
https://downloads.hindawi.com/journals/jo/2022/7981711.f1.docx


carcinoma progression,” Cell Death & Disease, vol. 10, no. 11,
p. 844, 2019.

[15] G. C. Shukla, J. Singh, and S. Barik, “MicroRNAs: processing,
maturation, target recognition and regulatory functions,”
Molecular and Cellular Pharmacology, vol. 3, no. 3, pp. 83–
92, 2011.

[16] L. Wei, J. Sun, N. Zhang et al., “Noncoding RNAs in gastric
cancer: implications for drug resistance,” Molecular Cancer,
vol. 19, no. 1, pp. 62–79, 2020.

[17] X. Li, Z. Zhang, M. Yu et al., “Involvement of miR-20a in pro-
moting gastric cancer progression by targeting early growth
response 2 (EGR2),” International Journal of Molecular Sci-
ences, vol. 14, no. 8, pp. 16226–16239, 2013.

[18] Y. Fang, H. Shen, H. Li et al., “miR-106a confers cisplatin resis-
tance by regulating PTEN/Akt pathway in gastric cancer cells,”
Acta Biochim Biophys Sin (Shanghai), vol. 45, no. 11, pp. 963–
972, 2013.

[19] Y. Shang, Z. Zhang, Z. Liu et al., “miR-508-5p regulates multi-
drug resistance of gastric cancer by targeting ABCB1 and
ZNRD1,” Oncogene, vol. 33, no. 25, pp. 3267–3276, 2014.

[20] Q.Wu, Z. Yang, L. Xia et al., “Methylation of miR-129-5p CpG
island modulates multi-drug resistance in gastric cancer by
targeting ABC transporters,” Oncotarget, vol. 5, no. 22,
pp. 11552–11563, 2014.

[21] N. M. Alajez, W. Shi, A. B. Y. Hui et al., “Enhancer of Zeste
homolog 2 (EZH2) is overexpressed in recurrent nasopha-
ryngeal carcinoma and is regulated by miR-26a, miR-101,
and miR-98,” Cell Death & Disease, vol. 1, no. 10, p. e85,
2010.

[22] H. Panda, T. D. Chuang, X. Luo, and N. Chegini, “Endometrial
miR-181a and miR-98 expression is altered during transition
from normal into cancerous state and target PGR, PGRMC1,
CYP19A1, DDX3X, and TIMP3,” The Journal of Clinical
Endocrinology and Metabolism, vol. 97, no. 7, pp. E1316–
E1326, 2012.

[23] L. X. Yan, X. F. Huang, Q. Shao et al., “MicroRNA miR-21
overexpression in human breast cancer is associated with
advanced clinical stage, lymph node metastasis and patient
poor prognosis,” Ribonucleic Acid, vol. 14, no. 11, pp. 2348–
2360, 2008.

[24] Y. Fu, X. Liu, Q. Chen et al., “Downregulated miR-98-5p pro-
motes PDAC proliferation and metastasis by reversely regulat-
ing MAP4K4,” Journal of Experimental & Clinical Cancer
Research, vol. 37, no. 1, p. 130, 2018.

[25] N. Nagarajan, D. Bertrand, A. M. Hillmer et al., “Whole-
genome reconstruction and mutational signatures in gastric
cancer,” Genome Biology, vol. 13, pp. 1–10, 2012.

[26] X. Jiao, X. Qian, L. Wu et al., “microRNA: the impact on can-
cer stemness and therapeutic resistance,” Cell, vol. 9, no. 1,
2019.

[27] X. D. Xiong, X. Ren, M. Y. Cai, J. W. Yang, X. Liu, and J. M.
Yang, “Long non-coding RNAs: an emerging powerhouse in
the battle between life and death of tumor cells,” Drug Resis-
tance Updates, vol. 26, pp. 28–42, 2016.

[28] A. G. Ewan, J. B. Carolyn, and L. L. Wan, “The functional role
of long non-coding RNA in human carcinomas,” Molecular
Cancer, vol. 10, no. 1, p. 38, 2011.

[29] S. Nagini, “Carcinoma of the stomach: a review of epidemiol-
ogy, pathogenesis, molecular genetics and chemoprevention,”
World Journal of Gastrointestinal Oncology, vol. 4, no. 7,
pp. 156–169, 2012.

[30] E. Van Cutsem, X. Sagaert, B. Topal, K. Haustermans, and
H. Prenen, “Gastric cancer,” The Lancet, vol. 388, no. 10060,
pp. 2654–2664, 2016.

[31] A. Digklia and A. D. Wagner, “Advanced gastric cancer: cur-
rent treatment landscape and future perspectives,”World Jour-
nal of Gastroenterology, vol. 22, no. 8, pp. 2403–2414, 2016.

[32] J. Cheng, M. Cai, X. Shuai, J. Gao, G. Wang, and K. Tao, “First-
line systemic therapy for advanced gastric cancer: a systematic
review and network meta-analysis,” Therapeutic Advances in
Medical Oncology, vol. 11, p. 1758835919877726, 2019.

[33] J. Li, W. Wang, P. Xia et al., “Identification of a five-lncRNA
signature for predicting the risk of tumor recurrence in
patients with breast cancer,” International Journal of Cancer,
vol. 143, no. 9, pp. 2150–2160, 2018.

[34] Y. Yu, L. Li, Z. Zheng, S. Chen, E. Chen, and Y. Hu, “Long non-
coding RNA linc00261 suppresses gastric cancer progression
via promoting slug degradation,” Journal of Cellular and
Molecular Medicine, vol. 21, no. 5, pp. 955–967, 2017.

[35] Y.-L. Xiu, K. X. Sun, X. Chen et al., “Upregulation of the
lncRNA Meg3 induces autophagy to inhibit tumorigenesis
and progression of epithelial ovarian carcinoma by regulating
activity of ATG3,” Oncotarget, vol. 8, no. 19, pp. 31714–
31725, 2017.

[36] J. Li, D. S. Zhai, Q. Huang, H. L. Chen, Z. Zhang, and Q. F.
Tan, “LncRNA DCST1-AS1 accelerates the proliferation,
metastasis and autophagy of hepatocellular carcinoma cell by
AKT/mTOR signaling pathways,” European Review for Medi-
cal and Pharmacological Sciences, vol. 23, no. 14, pp. 6091–
6104, 2019.

[37] H. Zhou, Z. Huang, X. Chen, and S. Chen, “miR-98 inhibits
expression of TWIST to prevent progression of non-small cell
lung cancers,” Biomedicine & Pharmacotherapy, vol. 89,
pp. 1453–1461, 2017.

[38] T. Jiang, M. Li, Q. Li et al., “MicroRNA-98-5p inhibits cell pro-
liferation and induces cell apoptosis in hepatocellular carci-
noma via targeting IGF2BP1,” Oncology Research, vol. 25,
no. 7, pp. 1117–1127, 2017.

[39] W. Zhu, Y. Huang, Q. Pan, P. Xiang, N. Xie, and H. Yu,
“MicroRNA-98 suppress Warburg effect by targeting HK2 in
colon cancer cells,” Digestive Diseases and Sciences, vol. 62,
no. 3, pp. 660–668, 2017.

[40] Q. Guo, L. Li, Q. Bo, L. Chen, L. Sun, and H. Shi, “Long non-
coding RNA PITPNA-AS1 promotes cervical cancer progres-
sion through regulating the cell cycle and apoptosis by
targeting the miR-876-5p/c-MET axis,” Biomedicine & Phar-
macotherapy, vol. 128, p. 110072, 2020.

[41] Z. Chen, T. Pan, D. Jiang et al., “The lncRNA-GAS5/miR-221-
3p/DKK2 axis modulates ABCB1-mediated adriamycin resis-
tance of breast cancer via the Wnt/β-catenin signaling path-
way,” Molecular Therapy-Nucleic Acids, vol. 19, pp. 1434–
1448, 2020.

[42] D. Fu, C. Lu, X. Qu et al., “LncRNA TTN-AS1 regulates oste-
osarcoma cell apoptosis and drug resistance via the miR-134-
5p/MBTD1 axis,” Aging (Albany NY), vol. 11, no. 19,
pp. 8374–8385, 2019.

[43] Y. Wang, W. Bao, Y. Liu et al., “miR-98-5p contributes to cis-
platin resistance in epithelial ovarian cancer by suppressing
miR-152 biogenesis via targeting Dicer1,” Cell Death & Dis-
ease, vol. 9, no. 5, p. 447, 2018.

[44] H. Guo, C. Ha, H. Dong, Z. Yang, Y. Ma, and Y. Ding, “Can-
cer-associated fibroblast-derived exosomal microRNA-98-5p

13Journal of Oncology



promotes cisplatin resistance in ovarian cancer by targeting
CDKN1A,” Cancer Cell International, vol. 19, no. 1, p. 347,
2019.

[45] C. Lu, Z. Shan, C. Li, and L. Yang, “MiR-129 regulates
cisplatin-resistance in human gastric cancer cells by targeting
P-gp,” Biomedicine & Pharmacotherapy, vol. 86, pp. 450–
456, 2017.

[46] Y. Liu, X. Zhao, Y. Chen, G. Guo, J. Wang, and S. He,
“PITPNA-AS1 activated by H3K27ac sponged miR-98-5p to
regulate cisplatin resistance in gastric cancer,” Research
Square, 2021.

14 Journal of Oncology


	PITPNA-AS1/miR-98-5p to Mediate the Cisplatin Resistance of Gastric Cancer
	1. Introduction
	2. Results
	2.1. RNA Sequencing for lncRNA and MicroRNA in 3 Gastric Cancer Patients
	2.2. PITPNA-AS1 Expression Was Correlated with Local Recurrence in Gastric Cancer Patients
	2.3. PITPNA-AS1/miR-98-5p Regulated Cell Proliferation and Inhibits Apoptosis in Gastric Cancer Cell Lines
	2.4. PITPNA-AS1 Negatively Regulated the Expression of miR-98-5p
	2.5. PITPNA-AS1 Expression Can Be Suppressed by Cisplatin in Gastric Cancer Cell Lines
	2.6. PITPNA-AS1/miR-98-5p Regulated by H3K27ac Influenced the Effect of Platinum

	3. Discussion
	4. Materials and Methods
	4.1. Gastric Cancer Patients
	4.2. Cell Culture
	4.3. Cell Transfection
	4.4. RNA Sequencing
	4.5. qRT-PCR
	4.6. Western Blot
	4.7. Cell Proliferation
	4.8. Cell Apoptosis Assay
	4.9. Dual-Luciferase Reporter Gene Assay
	4.10. RNA Pull-Down Assay
	4.11. Statistics

	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

