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Abstract Acquired resistance to cisplatin (DDP)-
based chemotherapy greatly hinders the treatment of
gastric cancer (GC). LINC00665 serves as an onco-
gene in GC. Hence, the current study was designed to
investigate the regulatory effects of LINC00665 on
DDP-resistance of GC. LINC00665 and miR-379-5p
expression levels were detected by real-time quanti-
tative polymerase chain reaction (RT-qPCR) and
Glucose regulated protein 78 (GRP78) protein level
was measured by western blot assay. Interactions
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between LINC00665 and miR-379-5p or between
miR-379-5p and GRP78 were verified by dual
luciferase reporter assay. Cell counting kit 8 (CCK-
8) assay and flow cytometry assay respectively
determine the proliferative ability and apoptosis of
GC cells. Western blot analysis was also performed to
detect the protein levels of C/EBP-homologous pro-
tein (CHOP), X box binding protein (XBP1) and
apoptosis-related proteins. In addition, GRP78 expres-
sion was evaluated by immunofluorescence. It was
observed that the expression levels of LINC00665 and
GRP78 were upregulated, and the expression level of
miR-379-5p was downregulated in DDP-sensitive and
DDP-resistant GC cell lines. What’s more, GRP78
expression and the cell growth inhibition rates of
DDP-sensitive and DDP-resistant GC cells had a
negative correlation. Additionally, miR-379-5p was a
target miRNA of LINC00665, and GRP78 was a target
mRNA of miR-379-5p. Functional studies revealed
that knockdown of LINCO00665 inhibited DDP-resis-
tant GC cell proliferation, induced apoptosis as well as
suppressed Endoplasmic reticulum (ER) stress. Mech-
anistically, knockdown of LINC00665 downregulated
GRP78 expression by strengthening miR-379-5p.
LINCO00665 silencing could overcome DPP-resistance
of GC cells by downregulating GRP78 via sponging
miR-379-5p, indicating that LINC00665 might be a
potential therapeutic target for DDP- resistant GC
patients.

@ Springer


http://orcid.org/0000-0002-0461-6123
http://crossmark.crossref.org/dialog/?doi=10.1007/s10616-021-00466-3&amp;domain=pdf
https://doi.org/10.1007/s10616-021-00466-3

414

Cytotechnology (2021) 73:413-422

Keywords LINCO00665 - MiR-379-5p - GRP78 -
Gastric cancer - Cisplatin resistance

Introduction

Gastric cancer (GC) is one of the most common
malignant tumors in the world. It is often diagnosed in
the late stage and progresses rapidly with easy
recurrence (Casamayor et al. 2018). Cisplatin
(DDP)-based chemotherapy is the main -clinical
method for the treatment of advanced gastric cancer
patients (Wang et al. 2019a, b). However, acquired
resistance to DDP-based chemotherapy has been one
of the major obstacles in the clinical therapies of
gastric cancer (Wagner et al. 2017). The exploration of
factors influencing the resistance of gastric cancer to
chemotherapy and its mechanism is helpful for
improving the prognosis of gastric cancer patients.

Endoplasmic reticulum (ER) stress is an important
signaling pathway, which belongs to the mechanism of
cell self-protection (King and Wilson 2020). ER stress
activates the unfolded protein response (UPR) and
initiates a cluster of downstream signals to maintain
ER homeostasis (Hetz et al. 2020). During the
progress of growth, invasion and metastasis, tumor
cells undergo ER stress under hypoxia, hypoglycemia
and other environmental stresses (Zheng et al. 2019).
More importantly, studies have also shown that ER
stress plays an extremely important role in the
chemoresistance of tumors (Wang et al. 2019a, b;
Zhu et al. 2019).

Glucose regulated protein 78 (GRP78) has long
been recognized as a molecular chaperone in ER and
can be induced by ER stress response (Machihara and
Namba 2020). The elevated expression of GRP78
usually correlates with a variety of tumor microenvi-
ronmental stresses (Li and Li 2012). GRP78 is
implicated in tumor cell proliferation, apoptosis and
drug resistance (Ran et al. 2017). Therefore, GRP78
has the potential to be an appealing target for a more
selective chemotherapy.

Long non-coding RNA (IncRNA), as a new mul-
tifunctional molecule with complex mechanisms,
plays a key role in the biological processes of gastric
cancer and participates in the complex mechanism of
drug resistance through abnormal regulation of gene
expression (Wei et al. 2020; Yuan et al. 2020).
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LINC00665 knockdown can restore gefitinib sensitiv-
ity by suppressing cancer cell proliferation and
inducing apoptosis (Liu et al. 2019). Additionally,
LINCO00665 acts as an oncogene in gastric cancer (Qi
et al. 2019; Yang et al. 2020).

microRNAs (miRNAs) are short endogenous non-
coding RNAs that exist in eukaryotes and widely
involve in various physiological processes such as
proliferation and apoptosis (Wu et al. 2020). Zhang
et al. (Zhang et al. 2020) found that miR-379-5p can
inhibit the migration and invasion of nasopharyngeal
carcinoma cells. Furthermore, miR-379-5p has been
shown to play critical roles in the progression of some
other tumors (Wu et al. 2017; Xu et al. 2019).

Despite the knowledge we have amassed above, the
deep research about the function of LINC00665/miR-
379-5p/GRP78 axis in the chemoresistance of gastric
cancer is still limited. In the present study, we verified
the interactions between LINC00665 and miR-379-5p
or miR-379-5p and GRP78, investigated the role of
LINC00665/miR-379-5p/GRP78 axis in GC cell pro-
liferation, apoptosis and DPP- resistance and further
explored the molecular mechanism.

Materials and methods
Cell culture, treatment and transfection

The normal gastric mucosal epithelial cell line (GES-
1) and three human GC cell lines (SGC-7901, AGS,
HST2) were purchased from Cell Bank of Chinese
Academy of Sciences (Shanghai, China). Cells were
incubated with Roswell Park Memorial Institute
(RPMI)-1640 medium supplemented with 10% fetal
bovine serum (FBS; Gibco, MA, USA) at 37 °Cin a
5% CO, incubator.

DDP-resistant cell lines were established by regu-
lating DDP concentration. Human GC cell lines were
exposed into RPMI-1640 medium containing DDP
(0.5 mg/L). Then, GC cell lines acquired resistance to
5 mg/L through this process of gradually increasing
DDP concentration.

When cell confluency reached 80%, transfection
was performed using Lipofectamine 2000 (Invitrogen,
CA, USA) according to the manufacturer’s
instructions.
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Real-time quantitative polymerase chain reaction
(RT-gPCR)

Total RNA in GC cells was extracted utilizing TRIzol
reagent (Invitrogen, CA, USA). In strict line with the
manufacturer’s protocol, total RNA was reverse
transcribed into cDNA using a PrimeScript™ RT
reagent kit (TaKaRa, Tokyo, Japan). RT-qPCR anal-
ysis for LINC00665 and miR-379-5p detection was
performed by 7500 Fast PCR instrument (Applied
Biosystems, CA, USA). The relative level of
LINC00665 was normalized to the endogenous con-
trol GAPDH and the relative level of miR-379-5p was
normalized to the endogenous control U6. The
following thermocycling conditions were used for
gPCR: an initial heating at 95 °C for 5 min; followed
by 40 cycles of initiation at 95 °C for 30 s, annellation
at 60 °C for 30 s and elongation at 72 °C for 80 s. The
sequences of primers are as follows: LINC00665,
forward: 5'-GGTGGATCACGAGGTCAGGAGA-3'
and reverse: 5'- GCTCACTGCAAGCTCTGCC-
TAC-3’; miR-379-5p, forward: 5'- GCGCTGGTA-
GACTATGGAA-3 and reverse: 5'-
GTGCAGGGTCCGAGGT-3; U6, forward: 5'-
CTCGCTTCGGCAGCACATATACTA-3' and
reverse: 5-ACGAATTTGCGTGTCATCCTTGCG-
3’; GAPDH, forward: 5'- TGCACCACCAACTGCT-
TAGC-3' and reverse: 5'- GGCATGGACTGTGGT-
CATGAG-3'. The relative levels of LINC00665 and
miR-379-5p were calculated by 27T method
(Livak and Schmittgen 2001).

Western blotting analysis

Total cellular proteins were extracted using radio-
immunoprecipitation assay (RIPA) buffer (Bey-
otime, Shanghai, China) supplemented with pro-
teinase inhibitor and phosphatase inhibitor. The
lysate was centrifuged at 20,000 g for 5 min and
protein concentrations were quantified using a BCA
assay kit (Beyotime, Shanghai, China). Equal amounts
of proteins were separated by sodium dodecyl sulfate—
polyacrylamide gel (SDS-PAGE) and then transferred
onto polyvinylidene fluoride (PVDF) membranes
(Millipore, MA, USA). Following blockage by 5%
non-fat milk, the membranes were incubated with
specific primary antibodies against GRP78 (Abcam,
ab21685, 1:1000), cleaved-caspase-3  (Abcam,
ab2302, 1:500), caspase-3 (Abcam, ab32351,

1:5000), Bcl-2 (Abcam, ab182858, 1:2000), Bax
(Abcam, ab32503, 1:2000), CHOP (Abcam,
ab11419, 1:200), XBP1 (Abcam, ab37152, 1:2000)
and GAPDH (Abcam, ab9485, 1:2500) at 4 °C
overnight. Subsequently, the membranes were incu-
bated with the corresponding IgG-HRP secondary
antibody (Abcam, ab205718, 1:50,000) at room tem-
perature for 1 h. The protein signals were visualized
and analyzed using Enhanced Chemiluminescence Kit
(Invitrogen, CA, USA) under Image J software.

Cell counting kit 8 (CCK-8) assay

The human GC cell lines and DDP-resistant cell lines
were seeded into 96-well plates at a density of 10* cells
per well. After adherence, cells were treated with 10
pL. DDP (5 mg/ml) for 72 h. Then, 10 pL. of CCK-8
solution (Beyotime, Shanghai, China) was added to
each well and incubated for 2 h at 37 °C. The
absorbance was measured at 450 nm by a microplate
reader (BioTek, VT, USA).

Flow cytometric analysis

Following designed treatment, GC cells were col-
lected to assess cell apoptotic condition. Briefly, cells
were trypsinized and double-stained with fluorescein
isothiocyanate (FITC)-Annexin V and propidium
iodide (PI) for 20 min away from light. Cell apoptosis
was analyzed by a flow cytometer (FACScan; BD
Biosciences, CA, USA).

Luciferase reporter assay

The binding relationship between LINC00665 and
miR-379-5p as well as miR-379-5p and GRP78 were
investigated using luciferase reporter assay. Mutant
(MUT) and wild-type (WT) sequences of LINC00665
containing the binding sites of miR-379-5p were
amplified and cloned into a pmirGLO plasmid
(Promega, WI, USA). Similarly, mutant (MUT) and
wild-type (WT) sequences of GRP78 3'UTR contain-
ing its seed region of miR-379-5p were amplified and
cloned into a pmirGLO plasmid (Promega, WI, USA).
Cells were co-transfected with constructed plasmids in
addition to miR-379-5p mimic or mimic NC. 48 h post
transfection, luciferase activities were examined using
Dual-Luciferase Assay System (Promega, WI, USA).
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Fig.1 Negative correlation between GRP78 expression and the
cell growth inhibition rate of DDP in DDP-sensitive and DDP-
resistant GC cell lines. a Western blot analysis of GRP78
expression in normal gastric mucosal epithelial cell line (GES-
1) and three human GC cell lines (SGC-7901, AGS, HST2).

Immunofluorescence

GC cells were fixed in 4% PFA solution for 30 min.
After washing twice with PBS, cells were permeabi-
lized by incubation with 0.2% (w/v) Triton X-100 for
10 min. Then, the fixed cells were blocked with 10%
BSA for 30 min and incubated at 4 °C overnight with
primary antibodies (anti-CHOP; Abcam, ab11419,
1:200). Subsequently, cells were washed twice with
PBS and incubated with florescence-labeled sec-
ondary antibodies (Abcam, ab150113, 1:1000) at
37 °C for 1 h. After cells were stained with 0.1%
DAPI (Solarbio, Beijing, China) at 37 °C for 30 min,
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b CCK-8 assay for detection of cell growth inhibition rate of
DDP in DDP-sensitive and DDP-resistant GC cell lines (SGC-
7901, AGS, HST2). ¢ Analysis of correlation between GRP78
expression and the cell growth inhibition rate of DDP.
*#p < 0.01, ***p < 0.001

images were taken and analyzed using a fluorescence
microscope (Leica, Wetzlar, Germany).

Statistical analysis

All experiments were repeated three times indepen-
dently. Statistical analyses were conducted using
SPSS 21.0 software. Significant differences among
multiple groups were evaluated by one-way analysis
of variance (ANOVA) followed by Tukey’s test.
Differences with * p < 0.05, ** p < 0.01, or ***
p < 0.001 were considered statistically significant.
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Fig. 2 Upregulated LINC00665 expression and downregulated
miR-379-5p expression in gastric cancer. a RT-qPCR for
examination of the relative LINC00665 levels in normal gastric
mucosal epithelial cell line (GES-1) and three human GC cell

Results

Negative correlation between GRP78 expression
and the cell growth inhibition rate of DDP in DDP-
sensitive and DDP-resistant GC cell lines

GRP78 expression was determined in normal gastric
mucosal epithelial cell line (GES-1) and three human
GC cell lines (SGC-7901, AGS, HST2). GRP78 levels
were significantly up-regulated in GC cell lines
compared to normal gastric mucosal epithelial cell
(Fig. 1a). In addition, in comparison with that in DDP-
sensitive GC cell lines, the cell growth inhibition rate
of DDP markedly decreased in DDP-resistant GC cell
lines (Fig. 1b). The correlation between GRP78
expression and viability of GC cell lines was further
analyzed. In line with our hypothesized, it was
observed that the cell growth inhibition rate of DDP
negatively correlated with GRP78 expression in GC
cell lines, especially in DDP-resistant GC cells
(Fig. 1c¢).

Upregulated LINC00665 expression
and downregulated miR-379-5p expression
in gastric cancer

LINCO00665 and miR-379-5p levels in normal gastric
mucosal epithelial cell line (GES-1) and three human
GC cell lines (SGC-7901, AGS, HST2) were firstly
detected. As compared to GES-1 cells, LINC00665

lines (SGC-7901, AGS, HST2). b RT-qPCR for examination of
the relative miR-379-5p levels in normal gastric mucosal
epithelial cell line (GES-1) and three human GC cell lines
(SGC-7901, AGS, HST2). **p < 0.01, ***p < 0.001

expression markedly increased (Fig. 2a) and miR-
379-5p expression greatly decreased (Fig. 2b) in
DDP-sensitive and DDP-resistant GC cell lines.
Moreover, noticeably modulated expressions of
LINC00665 and miR-379-5p were determined in
DDP-resistant GC cells.

The targeted relationship between LINC00665
and miR-379-5p or miR-379-5p and GRP78

Bioinformatic analysis was performed to predict the
binding regions between LINC00665 and miR-379-5p
or miR-379-5p and GRP78 (Fig. 3a, c). Luciferase
reporter assay revealed that miR-379-5p mimic sig-
nificantly decreased the luciferase activity of
LINCO00665 while had no obvious inhibitory effects
on the luciferase activity of LINC00665-MUT
(Fig. 3b). It was also verified by luciferase reporter
assay that miR-379-5p could sponge GRP78 in GC
(Fig. 3d). 48 h post transfection, transfection effi-
ciency was validated by employing RT-qPCR. Then,
shRNA-LINCO00665-1 was selected for the subsequent
experiments due to the optimized transfection effi-
ciency (Fig. 3e). It was observed that LINC00665
expression level was downregulated (Fig. 3f) while
miR-379-5p expression level was upregulated
(Fig. 3g) in DDP-resistant GC cells after introduction
of sShARNA-LINCO00665. These data demonstrated that
LINCO00665 served as a molecular sponge for miR-
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Fig.3 The targeted relationship between LINC00665 and miR-
379-5p or miR-379-5p and GRP78. a Bioinformatics analysis
predicted the binding site of LINC00665 to miR-379-5p.
b Luciferase reporter assay verified the binding relationship
between LINC00665 and miR-379-5p. ¢ Bioinformatics anal-
ysis predicted the binding site of miR-379-5p to GRP78.

379-5p and negatively regulated miR-379-5p expres-
sion in GC.

LINCO00665 silencing improved DDP sensitivity
of DDP-resistant GC cells

To clarify the role of LINC00665 in DDP-resistant
GC, we examined DDP sensitivity in AGS/DDP cells
with LINCO00665 knockdown. First of all, CCK-8
assay uncovered that LINC00665 silencing greatly
suppressed AGS/DDP cell proliferation and elevated
the cell growth inhibition rate of DDP in AGS cells
(Fig. 4a, b). Flow-cytometric analysis confirmed a
higher apoptotic rate in AGS/DDP cells with
LINC00665 knockdown (Fig. 4c). Moreover,
decreased Bcl-2 expression and increased Bax and
cleaved caspase-3 expressions also indicated that

@ Springer

d Luciferase reporter assay verified the binding relationship
between miR-379-5p and GRP78. e RT-qPCR for verification of
transfection efficiency. f RT-qPCR for examination of the
relative LINC00665 levels. g RT-qPCR for examination of the
relative miR-379-5p levels. ***p < 0.001

LINCO00665 silencing promoted cell apoptosis, raising
the cell growth inhibition rate of DDP in AGS cells
(Fig. 4d). Data above proved that LINC00665 silenc-
ing could enhance the sensitivity to DDP in DDP-
resistant GC cells.

LINCO00665 silencing increased DDP sensitivity
by repressing endoplasmic reticulum stress

The influence that LINC00665 might have on endo-
plasmic reticulum stress was examined using
immunofluorescence and western blot analysis.
Silence of LINC00665 weakened the fluorescence
intensity of GRP78 (Fig. 5a). Moreover, western blot
analysis similarly presented that silence of
LINCO00665 reduced the protein expression levels of
GRP78, CHOP and XBP1 (Fig. 5b). These findings
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Fig. 4 LINC00665 silencing improved DDP sensitivity of
DDP-resistant GC cells. a CCK-8 assay for detection of cell
viability of AGS/DDP cells. b CCK-8 assay for detection of cell
growth inhibition rate of DDP in AGS/DDP cells. ¢ Flow-

suggested that LINC00665 silencing might improve
DDP sensitivity of DDP-resistant GC cells by sup-
pressing ER stress.

Discussion
Gastric cancer, as one of the most common gastroin-

testinal tumors, seriously threatens the healthy living
of people worldwide (Casamayor et al. 2018). The
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cytometric analysis for detection of the apoptotic rate of AGS/
DDP cells. d Western blot analysis of Bcl-2, Bax and cleaved
caspase-3 expressions. *p < 0.05, **p < 0.01, ***p < 0.001

onset of gastric cancer is insidious, and the disease is
usually in late stage at the time of clinical consultation
(Feng and Liu 2020). DDP-based chemotherapy is
extensively used for the treatment of advanced
malignant tumors, including gastric cancer (Wagner
et al. 2017). However, resistance to chemotherapy
largely leads to a reduction in the efficacy of cancer
treatment (King and Wilson 2020). In this study, our
purpose is to further clarify the underlying molecular
mechanism of DDP-resistance.

@ Springer
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Fig. 5 LINCO00665 silencing increased DDP sensitivity by repressing endoplasmic reticulum stress. a Immunofluorescence assay for
examination of GRP78 expression. b Western blot analysis of GRP78, CHOP and XBP1 expressions. *p < 0.05, ***p < 0.001

Recently, it has been reported that IncRNAs play DDP-resistant GC cells. In addition, LINC00665

critical roles in the development and progression of knockdown arrested the proliferation and boosted the
gastric cancer, and that they were also involved in apoptosis of DDP-resistant cells.

regulating the drug sensitivity to DDP (Wei et al. miRNAs participate in gene expression regulation
2020; Yuan et al. 2020). Studies have shown that after transcription and are the key elements in the
LINCO00665 is closely related to the growth, progres- overall process of tumor development (Wu et al.
sion and metastasis of many types of cancers, includ- 2020). Numerous members of miRNAs are closely
ing gastric cancer (Chen et al. 2020; Yang et al. 2020). associated with drug resistance to DDP (Wu et al.
LINCO00665 could confer gefitinib resistance by 2017; Zuo et al. 2020). miR-379-5p is confirmed to
suppressing cell apoptosis (Liu et al. 2019). It was play a negative role in tumor growth and metastasis.
also demonstrated in our study that LINC00665 Our research verified the interaction between

expression levels were distinctly up-regulated in LINC00665 and miR-379-5p and revealed that silence
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of LINC00665 significantly upregulated the level of
miR-379-5p. Moreover, LINC00665 may promote
DDP-resistance through negatively regulating miR-
379-5p.

Researches in recent years have corroborated that
ER stress plays an indispensable role in the pathogen-
esis of tumor and chemotherapy resistance (Zheng
et al. 2019). GRP78 is a molecular chaperone and
belongs to the HSP70 family. GRP78 on cell surface
can be induced by ER stress response and participates
in tumor cell proliferation, apoptosis and drug resis-
tance (Ran et al. 2017; Machihara and Namba
2020).The present study discovered that GRP78 was
expressed at high levels in DDP-sensitive and DDP-
resistant GC cells and the sensitivity of GC cells to
DDP was negatively related to GRP78 expression
level. In addition to the target relationship between
miR-379-5p and GRP7S, silence of LINC00665 might
arrest the resistance of GC cells to DDP by sponging
miR-379-5p to downregulate GRP78 expression.

Conclusion

In summary, LINC00665 sponges miR-379-5p to
upregulate GRP78, thereby playing a promotive role
in the resistance of GC cells to DDP. Hence, inhibition
of the abundance of LINC00665 might be a potential
therapeutic method for chemotherapy resistance.
These findings may provide new insights for the
development of novel therapeutic strategies for GC
clinically.
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