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Abstract. - OBJECTIVE: Gastric carcino-
ma is one of the most common malignant tu-
mors and one of the most common cancer-re-
lated fatal diseases. Chemotherapy is consid-
ered as the major therapy for advanced gastric
cancer, and the curative effect of chemothera-
py directly affects the treatment of advanced
gastric cancer. Drug resistance of tumor cells
is one of the important causes that induces
failure of chemotherapy. Previous studies have
demonstrated that verapamil (VER) can reverse
drug resistance by inhibiting the P-glycopro-
tein (P-gp), which is one of the main targets
of VER. The present study aimed at investigat-
ing the function of glucosylceramide synthase
(GCS) in the VER-induced reversal of doxoru-
bicin (ADM) chemotherapy resistance in gas-
tric carcinoma.

PATIENTS AND METHODS: In the current
study, the 4 GC cell line was selected for inves-
tigation. The IC50 values of gastric cancer cells
were measured using CCK-8 assay. The expres-
sion levels of candidate genes in gastric car-
cinoma cells were measured by RT-gPCR. The
expression levels of candidate protein in gastric
carcinoma cells were measured by Western blot.
The expression of GCS protein in clinical spec-
imens of GC receiving VER+TACE therapy was
measured by immunohistochemistry. The test of
gastric carcinoma cell apoptosis was measured
by Annexin V-FITC/PI double-staining.

RESULTS: We found that the expression lev-
els changes of the GCS gene can influence the
effects of ADM+VER on cell apoptosis. The role
and mechanism of GCS gene in reversing the
chemotherapy resistance of gastric carcinoma
cells to ADM were explored.

CONCLUSIONS: In future research, we will ex-
plore the mechanism of how GCS affects drug
resistance in gastric carcinoma and related sig-
nal transduction pathway.
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Introduction

Gastric cancer is one of the most common
malignant tumors of the digestive system, and it
is the second leading cause of cancer-associated
mortality’. Only less than 50% of patients with
early gastric cancer are diagnosed, and the ma-
jority of the patients are usually treated at a late
stage?*. The main treatment methods of advanced
gastric carcinoma are neoadjuvant radiotherapy
and chemotherapy, molecular targeted therapy
and immunotherapy?. Chemotherapy plays an
important role in treating gastric carcinoma. The
S-year survival rate of patients treated with adju-
vant chemotherapy after resection is increased by
an estimated 20%, compared with surgery alone.
Chemotherapy is considered as the major therapy
for advanced gastric cancer, and its curative effect
of chemotherapy directly affects the treatment of
advanced gastric cancer’. Acquired drug resis-
tance is the main cause of chemotherapy failure.
Multidrug resistance of gastric cancer cells leads
to ineffective chemotherapy®. Drugs resistance of
tumor cells is one of the most notable causes of
chemotherapy failure’. According to present stud-
ies, overcoming drug resistance could be a key
breakthrough point for improving gastric cancer
treatment. Researches have shown that P-glyco-
protein (P-gp) hydrolyzes adenosine triphosphate
(ATP) to generate adenosine diphosphate (ADP)
and releases energy.
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The target artery infusion of verapamil (VER)
can increase the tissue drug concentration, reverse
the multidrug resistance of malignant cells, and in-
crease the sensitivity of tumor cells to chemother-
apeutic drugs®®’. Verapamil, a calcium channel
blocker, can significantly reverse multidrug resis-
tance (MDR) in tumor cells. It inhibits the expres-
sion of MDR-1 gene and inhibits the synthesis of
P-gp. Then the concentration of chemotherapeutic
drugs in the tumor cells could be increased, the
drug resistance of the tumor cells could be sup-
pressed'’. VER can reverse drug resistance by in-
hibiting P-gp, which is the main target of VER''2,
Ning et al'® has shown that VER can reverse drug
resistance in P-gp-negative gastric cancer cells.
VER can induce the movement of drugs into cells
by antagonizing P-gp, inhibiting the delivery pump
and increasing the concentration of the drug in the
cell. VER can increase cell sensitivity to drugs via
non-classical pathways and it can reverse multi-
drug resistance for a variety of tumor cells in vi-
tro. However, the effective concentration of VER
to reverse multidrug resistance is 6.0-10.0 umol/L,
which was higher than the safe concentration (1.0-
2.0 umol/L)*. VER can lead to serious cardiovas-
cular side effects, such as sinus bradycardia and
atrioventricular block®. The present study aimed
at identifying the effect of transcatheter arterial
chemoembolization (TACE) and GCS expression,
to improve the effectiveness of VER in reversing
chemotherapy resistance.

Patients and Methods

Cell Culture

Human gastric carcinoma cells SGC-7901,
BGC-823, AGS were purchased from the Cell Bank
of the Chinese Academy of Sciences, and cultured
in Roswell Park Memorial Insitute-1640 (RPMI-
1640, Gibco; Thermo Fisher Scientific, Waltham,
MA, USA), supplemented with 10% fetal bovine se-
rum (FBS; Thermo Fisher Scientific, Waltham, MA,
USA), penicillin (100 U/mL), streptomycin (100 ug/
mL), and 600 pg/mL glutamine. Human gastric can-
cer drug resistant cell line SGC-7910/5-Fu was pur-
chased from Shanghai Meixuan Biological Science
and Technology Co., Ltd. and cultured in Roswell
Park Memorial Insitute-1640 (RPMI-1640, Thermo
Fisher Scientific, Waltham, MA, USA) supplement-
ed with 10% fetal bovine serum, 2 ug/mL 5-Fu,
penicillin (100 U/mL), streptomycin (100 ug/mL),
and 600 ug/mL glutamine. All cells were grown in
a 37°C humidified incubator with 5% CO,.
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Cell Transfection

SGC-7901 and SGC-7910/5-Fu cells were
seeded into 24-well pastes at a density of 5x10*
for 24h at 37°C. When the cells reached 70-
80% confluence, they were transfected with
120nM small interfering (siRNAs, with the fol-
lowing sequences: Sense, 5-GATCCCCCCT-
GGAAACATTCTTTGAATTCAAGAGAT-
TCAAAGAATGTTTCCAGGTTTTTGGAAA-3’
and 5-AGCTTTTCCAAAAACCTGGAAACAT-
TCTTTGAATCTCTTGAATTCAAAGAAT-
GTTTCCAGGGG-3’) and NC Sense, 5-GTAG-
GCGTGTACGGTGGGAG-3* and antisense,
5-AACGCACACCGGCCTTATTC-3". For the
overexpression the expression of GCS, the oligo-
nucleotide pEGFP-GCS was generated with the
following sequence: Sense, S’-TCTCGGTCTTCT-
GCCTTCGC-3’; and antisense, 5-CCTTAAT-
CAATTTCTGGCTCACT-3") and NC Sense,
5 TGGGAGGTCTATATAAGCAGAG-3’ and an-
tisense, 5’-CGTCGCCGTCCAGCTCGACCAG-3".
Recombinant plasmids were purchased from Gen-
eral biological system (Anhui) Co., Ltd., which
were cloned into the pEGFP plasmid and the cor-
responding empty pEGFP plasmid These plasmids
were used as negative control. Cell transfection
was performed using Lipofectamine 2000 Reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol. After 72h, cells were har-
vested.

CCK-8 Assay to Determine the IC , V
alues of Gastric Cancer Cells

The concentration of 5-fluorouracil (5-Fu)
used to treat cells were 80, 40, 20, 10, 5, 2.5 ug/
mL. The concentrations of doxorubicin (ADM)
were 8, 4, 2, 1, 0.5, 0.25 ug/mL. The concentra-
tions of cisplatin (DDP) were 32, 16, 8, 4, 2, 1 ug/
mL, and 4.91 pg/ml VER was used’.

CCK-8 (Dojindo Laboratories, Kumamo-
to, Japan) was used to evaluate the OD,  value
of each cell group. The drug concentration and
the OD,,, values were used to plot a concentra-
tion effect curve, from which the IC, value was
determined. The experiment was repeated a
minimum of three times. IC,-1/IC, -2 was used
to evaluate the resistance efficiency index (antag-
onizing drug-resistance index) of chemotherapy
drug resistance reversal.

Reverse Transcription-Quantitative
PCR (RT-qPCR)

Total RNA was isolated using the Qiagen
RNeasy Kit (Qiagen, Valencia, CA, USA). Rever-
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tAid M-MuLV Reverse Transcriptase (MBI Fer-
mentas, Vilnius, Lithuania) was then used to syn-
thesize cDNA from the RNA. According to the
manufacturer’s protocol, PCR was performed us-
ing SYBR Green Master Mix (Qiagen, Valencia,
CA, USA) and the ABI 7500 Prism Sequence De-
tection System (Thermo Fisher Scientific, Waltham,
MA, USA). The thermocycling conditions were as
follows: 95°C for 15 min, 40 cycles of 95°C for 15
sec, annealing at 60°C for 31sec, and a final elonga-
tion step at 95°C for 15 sec, 60°C for 30 sec, 95°C for
15sec. The 244 method was employed to measure
the relative expression levels of target genes, and
GAPDH was used as a loading control. The exper-
iment was repeated a minimum of three times. The
primers used for gPCR were designed as follows:

human multidrug resistance protein 1(hMDR-1):
F: - TTGCTGCTTACATTCAGGTTTCA-3’
R: 5>~ AGCCTATCTCCTGTCGCATTA-3".

low density lipoprotein receptor-related protein
(LRP):

F: 5>~AGTCAGAAGCCGAGAAG-3’

R: 5>-CCCAGCCACAGCAAGGT-3".

glutathione S-transferase-n (GST-n):
F: 5>-CAGGAGGGCTCACTCAAAG-3’
R: 5>-GATCAGCAGCAAGTCCAGCAG-3".

glucosylcemmide synthase (GCS):
F: 5>-CACCCGATTACACCTCAA-3’
R: 5>-CCGTGAACCAAGCCTACT-3".

type Il topoisomerase (TOPO Il):
F: 5-GCTGTCGATGACAACCTCCT-3’
R: 5’-GCCATCTAGCATTCGTCTGAC-3".

cellular prion protein (PrPc):
F: 5>-CGCGGATGGCGAACCTTGGCT-
GCTG-3
R: 5>-CCGGAATTCTCCCACTATCAG-
GAAGATG-3".

MGrl-antigen (MGri-Ag):
F: 5-GCGGTACCTTCCCGTCGTAACTTA-
AAGGGAAACT-3
R: 5-CGGAATTCTGCTGCTTAAGAG-
CCTATGCAAGAAC-3".

cytokine induced apoptosis inhibitor 1 (CI-
APINI):
F: 5’-CGGAATTCATGGCAGATTTTGG-
GATCTC-3’

R: 5-GGTCGACCTAGGCAT-
CAAGATTGCTATC-3.

GAPDH:
F:5-AGAAGGCTGGGGCTCATTTG-3
R:5’-AGGGGCCATCCACAGTCTTC-3".

Western Blot Analysis

Cells were lysed with Radio-Immunoprecipita-
tion Assay (RIPA) lysis buffer (Beyotime Biotech-
nology, Jiangsu, China). Equal amounts of protein
(30 ug) were loaded into each lane of a 10% gel,
separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene difluoride (PVDF)
membranes (Merck KGaA, Darmstadt, Germa-
ny). The membranes were then blocked with 5%
non-fat milk at room temperature for 2h and in-
cubated overnight at 4°C with primary antibodies
(dilution: 1:1000) against hAMDRI1 (cat. no. 13978;
Cell Signaling Technology, Danvers, MA, USA),
Lung resistance protein (LRP) (cat. no. DF2935;
Affinity Biosciences, Cincinnati, OH, USA), GCS
(cat. no. DF8551; Affinity Biosciences, Cincinna-
ti, OH, USA), GST-x (cat. no. DF7462; Affinity
Biosciences, Cincinnati, OH, USA), TOPO II (cat.
no. AF0283; Affinity Biosciences, Cincinnati,
OH, USA) and B-tubulin (cat. no. AF7011; Affini-
ty Biosciences, Cincinnati, OH, USA). The mem-
branes were washed three times with Tris Buff-
ered Saline Tween-20 (TBST) and incubated with
horseradish peroxidase (HRP)-conjugated goat
anti-mouse (cat. no. S0002; Affinity Bioscienc-
es, Cincinnati, OH, USA) or goat anti-rabbit (cat.
no. S0001; Affinity Biosciences, Cincinnati, OH,
USA) IgG secondary antibody (dilution: 1:5000;
Affinity Biosciences, Cincinnati, OH, USA) at
room temperature for 1h. f-tubulin was used as
a loading control. Protein expression levels were
quantified using Chemlmager 5500 software
(version 2.03; ProteinSimple, San Jose, CA, USA)
with B-tubulin as the loading control. Bound anti-
bodies were detected using BeyoECL Plus reagent
kit (Advansta Inc, San Jose, CA, USA) according
to the manufacturer’s instructions and quantitated
using ImageQuant software. The experiment was
repeated a minimum of three times.

Cell Apoptosis Assay

A flow-based Annexin V assay was used to
measure cell apoptosis after transfection. The
cells were washed in PBS, resuspended in 400
ul of Annexin-V binding buffer and then stained
with 5 pl of Annexin-V-fluorescein isothiocyanate
(FITC) for 15 min on ice in the dark, according
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to the manufacturer’s instructions. Subsequent to
staining, the cells were incubated with 10 pl of
propidium iodide (PI) for 5 min on ice in the dark.
Samples were analyzed using a fluorescence acti-
vated cell sorting (FACS)can system (BD Biosci-
ences, San Jose, CA, USA). The experiment was
repeated a minimum of three times.

Analysis of GCS Protein Expression in
Cancer Tissue Samples of Patients with
GC by the Immunohistochemical Method

Clinical data and grouping

A total of 14 patients with advanced GC were
included in the present study. They were treated
in our hospital (the First Affiliated Hospital of
USTC) from March 2012 to December 2015. All
cases were confirmed as gastric carcinoma. Their
age was from 38 to 75 years with an average age
of 62 years (10 males and 4 females). All patients
received intervention once per month or a total
of two to four interventions. Those patients treat-
ed by surgery will be excluded. The exclusion
criteria also included women in pregnancy and
lactation, patients with psychiatric and mental
hypoplasia, acute infection and central nervous
system symptoms, and patients with allergies.
Additional exclusion criteria were white blood
cell count (WBC) <4.0*%10° g/L, blood platelet
count (BPC) < 10.0*10° g/L, hemoglobin (Hb)
< 60 g/L, and patients with coagulopathy. The
therapeutic effects of these interventions were
assessed to divide the patients into the following
groups: i) Effective VER anti-resistance treat-
ment group (high cure rate; complete remission
(CR)=7); and 1I) ineffective VER anti-resistance
treatment group (progression of disease; disease
progression (PD)=7). There were no significant
differences in gender and age between the two
groups. Both groups provided written informed
consent for the VER+TACE treatment. All pa-
tients signed the informed consent before oper-
ation. The study was approved by the research
Ethics Committee of the First Affiliated Hospital
of USTC”.

Immunohistochemical method

The paraffin-embedded GC tissues were col-
lected and sectioned to a thickness of 4 mm for
dewaxing and hydration. All tissues sections were
heated in a microwave for 15 min for antigen re-
trieval. The primary antibody was used at a di-
lution of 1:100. The immunohistochemistry was
performed as follows: sodium citrate buffer was
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used for antigen retrieval, followed by conven-
tional streptavidin-peroxidase (SP) immunohis-
tochemical staining, diaminobenzidine (DAB)
staining, and a final step of counterstaining with
hematoxylin. Known GC-positive sections were
used as a positive control, and phosphate-buffered
solution (PBS) instead of primary antibody was
used as a negative control’. The experiment was
repeated a minimum of three times.

Statistical Analysis

All data were analyzed by one-way ANOVA
or Mann-Whitney U test using Excel (Microsoft,
Redmond, WA) or Prism (Prism6.0, GraphPad
Inc, La Jolla, CA, USA) and expressed as mean
+ standard deviation(x£S). Each experiment was
repeated at least 3 times, and p<0.05 was consid-
ered statistically significant.

Ethics
All methods were performed in accordance
with the relevant guidelines and regulations.

Results

Determination of the Ability of VER
to Reverse Druqg Resistance in Gastric
Cancer Cells

Different concentrations of DDP, ADM, and
5-Fu were used to treat gastric carcinoma cell
lines with or without VER (4.91 mg/mL) treat-
ment. The results are listed in Table 1. Following
treatment with VER, the IC, values for DDP,
ADM, and 5-Fu in the three cell lines decreased
by varying extents, which suggests that VER
could improve the sensitivity of three chemother-
apy drugs to different degrees.

The results of relative IC, =IC, -1/IC -2 were
used to determine the ability of VER to reverse
chemoresistance. IC -1 represents the sensitivity
of the gastric carcinoma cells to the three chemo-
therapeutic drugs. IC, -2 represents the sensitivity
of the gastric carcinoma cells to the three chemo-
therapeutic drugs with VER. In SGC-7901 cells,
VER exhibited the strongest ability to reverse
ADM chemotherapy resistance (Relative IC,, =
6.77) and it was significantly different from BGC-
823 (Relative IC, =1.66, Table II, Figure 1A).

It was also identified that the resistance of
SGC-7910/5-Fu to VER + ADM was strongest
(Relative IC,| = 15.26). It was significantly dif-
ferent compared with that of SGC-7901 (Relative
IC,,=6.77, Table II, Figure 1B).
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Table I. Cytotoxic activity of the examined drugs against GC cells.

A: Cytotoxic activity of the examined drugs against SGC-7901, BGC-823, AGS and SGC-7910/5-Fu cells?

IC,, (ng/mI)®

Drug SGC-7901 BGC-823 AGS SGC-7910/5-Fu
5-Fu 143.6+8.9 98.8+4.2 126.7+10.2 176.5+11.2
5-Fu+VER (4.91 pg/ml) 24.24+1.6 40.3£2.7 42.943.1 52.143.8
DDP 106.247.9 125.4+9.6 120.1£9.6 220.1£18.4
DDP+VER (4.91 pg/ml) 66.9+4.5 97.3£7.7 78.6+8.2 108.6+9.8
ADM 50.1+2.3 11.3£1.9 46.4£3.4 186.2+13.8
ADM+VER (4.91 pg/ml) 7.440.9 6.8+0.8 8.9+1.7 12.1£1.9

B: Evaluation of VER reversal of drugs resistance, Relative IC,, = IC_-1/IC -2

Relative IC,

Drug SGC-7901 BGC-823 AGS SGC-7910/5-Fu
5-Fu 5.93 2.45 2.95 7.38
DDP 1.59 1.29 1.53 2.02
ADM 6.77 1.66 5.21 15.26

Negative control 0.1%DMSO, no activity

“The data represent the mean of three experiments in triplicate and are expressed as means+SD; only descriptive statistics were
done in the text.

*The IC, value was defined as the concentration at which 50% survival of cells was observed.

(A) Cytotoxic activity of the examined drugs against SGC-7901, BGC-823, AGS and SGC-7910/5-Fu cells. (B) Evaluation of
VER reversal of drugs resistance, Relative IC,| =IC,-1/IC,-2.

Association Between the Expression

of P-gp and the Effectiveness of VER

in Reversing ADM Chemotherapy

Resistance in Gastric Carcinoma Cells
RT-qPCR was used to detect the expression

level of MDRI, a P-gp encoding gene, in gastric

carcinoma cells. Among the three gastric carcino-
ma cells, the expression level of MDR1/P-gp was
the lowest in SGC-7901. However, it exhibited a
significantly stronger association with the effects
of VER on the reversal of ADM resistance (Rel-
ative IC, =6.77) in these cells compared with the

Table II. Changes of VER reversal of chemotherapy resistance after changing expression level of GCS genes.

Cytotoxic activity of the examined drugs against SGC-7901 and SGC-7910/5-Fu cells?
IC,, (ng/ml)®

Drug SGC-7901 SGC-7910/5-Fu

ADM 50.1£2.3 186.2+13.8

ADM+VER (4.91 ug/ml) 7.4+0.9 12.1£1.9

ADM+GCS 65.3+3.9 202.6x14.7

ADM-+VER (4.91 ug/ml)+GCS 5.9+0.87 11.6+1.73

ADM+siR-GCS 45.91+2.07 154.3£11.7

ADM+VER (4.91 ug/ml)+siR-GCS 10.23+1.6 16.3+2.13

Negative control 0.1%DMSO, no activity
“The data represent the mean of three experiments in triplicate and
done in the text.

are expressed as means£=SD; only descriptive statistics were

*The IC50 value was defined as the concentration at which 50% survival of cells was observed.

Resistance evaluation to VER reversal ADM, (Relative IC, = IC, -

1/1C,-2). The IC,, values of SGC-7901 and SGC-7910/5-Fu

cell lines, which were treated by chemotherapeutics in the absence (IC, -1) or in the presence (IC,-2) of VER.
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Figure 1. Evaluation of VER-induced reversal of resistance to three chemotherapeutic agents in GC cell lines. A, Evaluation
of resistance reversal (Relative IC, = IC,-1/IC-2). The IC, values in three GC cell lines (SGC-7901, BGC-823, and AGS)
were used for chemotherapy in the absence (IC,-1) or in the presence (IC, -2) of VER. B, Evaluation of reversal (Relative IC
=1C,-1/1C,-2). The IC, values of SGC-7901 and SGC-7910/5-Fu were used for chemotherapy in the absence (IC,-1) or in the
presence (IC, -2) of VER. C, Relationship between MDRI/P-gp expression and VER+ADM resistance (Relative IC, ).

other two cell lines (Figure 1C). This indicated
that there was no consistent association between
the expression level of MDR1/P-gp and the effects
of VER on ADM resistance.

Expression Levels of Candidate Genes
in Gastric Carcinoma Cells Determined
by RT-qPCR

Through the preliminary experiments, it
was identified that VER exhibited a significant-
ly strong reversal effect to ADM resistance in
SGC-7901 cells. Furthermore, SGC-7910/5-Fu
cells have a stronger resistance to VER reversal
of ADM resistance compared with SGC-7901
cells. Therefore, SGC-7901 and SGC-7910/5-Fu
cell lines were selected to screen possible candi-
date genes that may mediate resistance to VER
reversal of ADM resistance. A total of eight can-
didate genes were selected according to a liter-
ature search, namely, MDRI, LRP, GCS, GST-x,
TOPO II, PrPc, MGrl-Ag, CIAPINI (Figure 2A).
RT-qPCR demonstrated that the expression levels
of GCS, LRP and TOPO II were significantly al-
tered following VER treatment.

Western Blot Analysis of the Expression
Levels of Candidate Proteins in Gastric
Carcinoma Cells

The protein expression levels of MDR1, LRP,
GCS, GST-n, TOPO 11, PrPc, MGrl-Ag, CIAPIN1
in SGC-7901 and SGC-7910/5-Fu cell lines were
detected. As presented in Figure 2B and C, the
protein expression levels of GCS, LRP and TOPO
IT protein were increased following VER treat-
ment.
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Immunohistochemical Detection
of the Expression of GCS Protein in
Clinical Specimens of GC Receiving
VER+TACE Therapy

Immunohistochemical was performed to de-
tect the protein expression of GCS in tumor tis-
sue samples of the VER responsive (CR; n=7)
and unresponsive (PD; n=7) groups. Image Pro
Plus 6.0 (IPP) software was used to analyze the
mean density (IOD/area) of the positive expres-
sion region (Figure 3). GCS protein was mainly
expressed in the nucleus and cytoplasm of gas-
tric carcinoma cells. In tumor tissue, the 10D/
area of GCS in the VER responsive group was
significantly higher compared with that in unre-
sponsive group.

Changes in VER Reversal
of Chemotherapy Resistance Following
GCS Upregulation or Downregulation

As presented in Figure 4A, the expression
level of GCS was decreased in the siR-GCS
group compared with that in the control group,
indicating that the transfection was successful.
Figure 4B demonstrates the successful overex-
pression of GCS, as validation by Western blot-
ting analysis.

The IC50 values of ADM and ADM+VER in
GC cells were detected by CCK-8 assay before
or after GCS upregulation and downregulation.
In SGC-7901 cells, silencing of GCS (siR-GCS)
significantly reduced the ability of VER to re-
verse ADM chemotherapy resistance. Whereas,
overexpression of GCS gene (pEGFP-GCS) sig-
nificantly enhanced the ability of VER to reverse
ADM chemotherapy resistance (Table II).



Effect of verapamil in the reversal of doxorubicin chemotherapy resistance in advanced gastric cancer

mRNA relative expression level

MDR-1

LRP

GST-n

GCS

SGC-7901 SGC-7901/5-Fu
+

B

+
+

ADM + +

VER

Relative intensities

P-gp s S R R | 1 00| 1.10] 2.05

2.32

LRP s o e S | 100 1.14 1.59

2.74

GCS e W S e | 1.00| 1.30 1.57

1.97

GST-n 1.00 | 1.48] 1.46

————

1.68

Lysate

TOPO I e S S - 1.00| 1.54| 1.60

1.58

PrPc o w— — — 1.00| 1.15] 1.20

1.31

MGrl-Ag 1.00| 0.88] 0.91

—_— — = &

1.29

CIAPIN1 1.00| 3.10| 5.49

6.02

[ sGc-7901 ADM

I SGC-7901 ADM+VER
Il SGC-7901/5-Fu ADM
I SGC-7901/5-Fu ADM+VER

B-ubulin AN W W | 100 | 111|108

1.05

TOPOII ~ PRPC MGRI-AG  CIPIN1
C [ SGC-7901 ADM
Bl SGC-7901 ADM+VER
Bl SGC-7901/5-Fu ADM
15+ B SGC-7901/5-Fu ADM+VER
x x
I *
E 2 E
I} E X -
2 1.0
24
o
E
<
>
3?0_5—
S
0.0— I
§F FFSFHFSF S *&"‘Q\&
S s
X QS\Q? N §F W Q\Qé ‘,§2 é\&
V¥ &S L & 0" &
< S O

Figure 2. Evaluation of candidate gene/protein expression in GC cells. A, RT-qPCR detection of candidate gene expression
in GC cells. Independent experiments were performed during the whole in vitro study. B, Western blot analysis of candidate
protein expression levels in GC cells. C, Quantitative of the Western blot results of candidate protein expression levels in GC
cells. Independent experiments were performed throughout the in vitro studies in triplicate. *p<0.05 vs. the ADM group.

Annexin V-FITC/PlI Double-Staining Test
of Gastric Carcinoma Cell Apoptosis

To investigate the effect of VER on the apop-
tosis of gastric carcinoma cells, Annexin V-PI
double staining was performed to evaluate cell
apoptosis. As presented in Figure 4C, the cell
apoptosis rates in the SGC-7901(ADM) and
SGC-7901(ADM+VER) groups were significantly
different at 20.36% and 33.63%, respectively.

Following overexpressing of GCS, the apop-
tosis rate changed to 31.21% and 65.5% in the
SGC-7901 (ADM) and SGC-7901 (ADM+VER)
groups, respectively. After silencing of GCS, the

apoptosis rate was 23.53% and 26.2% in the SGC-
7901 (ADM) and SGC-7901 (ADM+VER) groups,
respectively (*p<0.05). The results demonstrated
that VER significantly promoted the apoptosis of
GC cells over expression GCS in the presence of
ADM. (*p<0.05).

Discussion
According to statistics, there are about 679000

new cases of gastric cancer in China each year, and
about 498000 gastric cancer-associated deaths. Gas-
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Figure 3. Immunohistochemical
analysis of the expression of GCS
protein in patients treated with
VER+TACE therapy. A, Represen-
tative image from the CD group
(magnification, x200); B, Repre-
sentative image from the PD group
(magnification, x200). C, Mean ex-
pression level of protein. *p<0.05
vs. PD group.CR, effective; PD, in-
effective.

tric cancer has the second highest morbidity and
mortality rates, and it is the second most common
type of cancer'. Due to the low rate of early gastric
cancer screening, about 40% of new cases are diag-
nosed as advanced gastric cancer®. In clinic, the ma-
jority of advanced gastric cancer cases are adminis-
tered chemotherapy. However, multidrug resistance
of gastric cancer cells limits the curative effect of
chemotherapy and leads to the failure of gastric can-
cer treatment. It not only affects patient survival, but
also causes a lot of waste of medical resources'.
VER is a calcium channel inhibitor. P-gp, also
known as multidrug resistance protein 1 (MDR1),
is an important protein for the reversal of drug re-
sistance®'?. P-gp can transfer the drug from inside
to outside of the cell and induce tumor cells drug
resistance. However, it can effectively reverse the
drug resistance concentration at 6.0-10.0 mmol/L,
which is higher than the safe vein concentration
(1.0-2.0 umol/L)"*. The MDR phenotype is associ-
ated with the overexpression of P-gp. MDR drugs
can inhibit cell growth inhibitory drugs, which is
unrelated structurally and functionally from the
intracellular to the extracellular environment. It
can also reduce the cell concentration, leading to
a failure of chemotherapy'. P-gp is expressed in
most of human tumor cells, in particular, tumor
cells with chemotherapy drug resistance have a
higher expression level'”. However, the expression
of MDR is lower in paclitaxel-resistant ovarian
cancer cells and ADM-resistant gastric carcino-
ma cells'™". It has been observed that the reversal
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of multidrug resistance in lung carcinoma cells is
not associated with the expression of P-gp.

Our early studies’ demonstrated that the drug
concentration in local tissue was 3-10 times high-
er compared with that in venous blood, and 4-20
times higher than that needed to reverse drug re-
sistance. Following informed consent from the
patients, target artery perfusion combined with
chemotherapy drugs was used to improve the
clinical efficacy of chemotherapy in patients with
primary liver carcinoma, colorectal carcinoma,
lung carcinoma, gastric carcinoma and malignant
ascites?!*?’. In addition, we demonstrated that' tar-
get artery infusion chemotherapy combined with
VER can improve the curative effect of advanced
gastric cancer. The total effective rate could reach
75%; however, there were still some poor cases of
curative effects. Previous researches on VER-in-
duced reversal of drug resistance of gastric can-
cer cells may focus on P-gp. However, according
to previously published clinical data, VER may
improve the sensitivity of gastric cancer cells to
chemotherapy drugs via genes other than P-gp
protein. This is rarely referred in the literature.

The present study identified that VER can
promote ADM-induced apoptosis of gastric can-
cer cells. To find a new target that might mediate
VER-induced reversal of drug resistance in gas-
tric carcinoma cells, the current work investigated
the VER-induced reversal of resistances to DDP,
ADM, and 5-Fu in four gastric carcinoma cell lines
(SGC-7901, SGC-7910/5-Fu, BGC-823, and AGS).
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Figure 4. Changes in VER-induced reversal of chemotherapy resistance following loss of expression or overexpression of
GCS. A, Verification of GCS gene expression knockdown in SGC-7901 and SGC-7910/5-Fu cells. B, Verification of GCS
gene overexpression in SGC-7901 and SGC-7910/5-Fu cells. C, The effect of VER+ADM on apoptosis was detected by flow

cytometry.

The results demonstrated that in SGC-7901 cells,
VER exhibited strongest ability to reverse ADM
chemotherapy resistance (Relative IC, =6.77), and
it was significantly stronger in these cells com-
pared with that of the other gastric carcinoma cells.

According to RT-qPCR and Western blot assays,
upregulating the expression of GCS can improve
the VER-induced reversal of ADM chemotherapy
resistance. The expression of GCS protein in cases
of VER effective/ineffective treatment was detect-
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ed by immunohistochemistry. It was identified that
the protein expression level of GCS in VER-sensi-
tive group was significantly higher compared with
that in the insensitive group.

Glycosylceramide synthase (GCS) is a com-
mon tumor multi-resistance gene. Of note, GCS is
closely associated with tumor MDR, and ceramide
is the second messenger in the process of cell apop-
tosis, which can lead to cell differentiation, growth
retardation and apoptosis®®. Intracellular GCS is a
key enzyme of ceramide metabolism pathway. It
can catalyze the combination of the glucose group
and ceramide on UDP-glucose®. GCS converts ce-
ramics via glycosylation into glucosylceramide, so
as to reduce the content of intracellular ceramide,
and helps cells escape the apoptosis effect of cera-
mide, playing an important role in the occurrence
of multidrug resistance®®. To further confirm the
association between GCS and the reversal of drug
resistance in gastric carcinoma, we overexpressed
and silenced GCS, and a CCK-8 assay was per-
formed to detect the change in IC,; values in the
ADM and ADM+VER groups before and after
GCS expression was altered. The results demon-
strated that when GCS expression was silenced, the
effect of VER on ADM chemotherapy resistance
was significantly reduced. When GCS was overex-
pressed, the effect of VER on ADM chemotherapy
resistance was significantly enhanced. This suggests
that GCS is involved in the mechanism of VER-in-
duced reversal of chemoresistance in gastric carci-
noma. The present study identified that by altering
the expression level of GCS, the ability of VER to
promote ADM cell apoptosis could be significantly
changed, and the expression level of the gene can be
increased. The ability of VER to promote ADM-in-
duced cell apoptosis can be significantly enhanced,
otherwise, the expression level of the gene can be
decreased. This indicated that VER combined with
ADM could promote the apoptosis of gastric carci-
noma cells. GCS participates in the ability of VER
to promote tumor cell apoptosis.

Conclusions

The aforementioned data demonstrated that
the ability of VER to promote ADM cell apop-
tosis can be significantly enhanced, otherwise,
the expression level of the gene can be decreased.
This indicated that VER combined ADM could
promote the apoptosis of gastric carcinoma cells,
and GCS gene participates in the ability of VER
to promote tumor cell apoptosis.
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