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Abstract. Kanglaite (KLT) was shown to alleviate the 
development of multidrug resistance (MDR) clinically. The 
purpose of this study is to examine the mechanism of KLT for 
chemotherapy resistance in gastric cancer cells involving the 
regulation of MDR‑related proteins. The cisplatin‑resistant 
BGC823/DPP and SGC7901/DDP cells were treated with 1, 
2.5 and 5 µl/ml of KLT for 24, 36 and 48 h. Cell Counting 
Kit‑8 (CCK‑8) assay and flow cytometry were performed to 
detect the cell viability and cell apoptosis, respectively. The 
expression of MDR1 and multidrug resistance associated 
protein 1 (MRP1) were examined by quantitative PCR and 
western blotting in BGC823/DPP cells and SGC7901/DDP 
cells treated with KLT. The effect of KLT on the expression 
of PVT1 was investigated. PVT1‑overexpression vector was 
constructed and transfected into BGC823/DPP cells and 
SGC7901/DDP cells which were treated with KLT. KLT 
inhibited the cell viability and promoted the cell apoptosis 
of BGC823/DPP cells and SGC7901/DDP cells in a concen-
tration‑dependent manner. KLT suppressed the expression 
of MDR1 and MRP1 and the level of PVT1. PVT1 overex-
pression reversed the increased percentage of apoptotic cells 
induced by KLT. Finally, we found that PVT1 overexpres-
sion also abrogated the effect of KLT on the mRNA level 
and protein level of MDR1 and MRP1 in BGC823/DPP and 
SGC7901/DDP cells. KLT inhibited the expression of MDR1 
and MRP1 via suppressing the expression of PVT1, which 
suggested the potential mechanism of KLT involving in 
MDR in gastric cancer.

Introduction

Gastric cancer is one of the most common malignant carci-
noma in the world. Currently, the approaches for gastric 
cancer therapy mainly included surgical therapies, radio-
therapies and chemotherapies. However, the development of 
multidrug resistance (MDR) greatly decreased the efficacy of 
chemotherapies. Several studies suggested that attenuating the 
development of MDR could restore the sensibility of cancer 
cells to chemotherapies  (1,2). Specially, the expression of 
MDR‑related proteins (MDR1, MRP1) played crucial roles in 
the development of MDR (3). MDR1 and MRP1 belong to the 
ATP‑binding cassette (ABC) superfamily, which mediated the 
efflux of drugs out of cells, reducing drug efficacy.

Kanglaite (KLT) is one of Chinese herb injection reported 
to show antitumor activity (4). KLT is a coix seed oily substance 
extracted from Coix lacryma‑jobi (family Cramineae). The 
main active ingredient of coix seed is a compound of triglyc-
erides containing four types of fatty acid (5). The coix seed 
oil is well known for its antitumor and immunomodulatory 
effects among traditional Chinese medicine (6). In 1997, KLT 
injection was officially approved by the Ministry of Public 
Health in China for the treatment of liver cancer, lung cancer 
and gastric cancer  (6,7). Moreover, KLT has showed good 
efficacy in the USA and its clinical trial smoothly completed 
in Russia, where it has been registered as a new drug and can 
be marketed legally (8). In later research, KLT was found to 
ameliorate MDR of cancers when combined with radiotherapy 
and chemotherapy in clinical use (9). For example, Zhan et al 
reported that patients with gastric cancer treated with KLT 
injection combined with chemotherapy showed lower gastro-
intestinal reactions and bone marrow suppression than that in 
the patients with chemotherapy alone, which indicated that 
KLT injection enhanced efficacy and reduced the side effects 
of chemotherapy  (10). However, the mechanism of KLT 
working against chemotherapy resistance in gastric cancer 
cells involving the regulation of MDR‑related proteins was 
poorly understood.

PVT1 is a long non‑coding RNA located in human chro-
mosome 8q24 (11). To date, overexpression of PVT1 has been 
frequently observed in several malignant diseases, such as 
breast cancer, colorectal cancer, ovarian cancer and gastric 
cancer, and is associated with increasing cell proliferation 
and inhibiting cell apoptosis  (12‑14). Recently, mounting 
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evidence indicated that PVT1 participated in the drug resis-
tance of cancer cells by regulating different pathways (15,16). 
In our previous study, we also found that overexpression of 
PVT1 promoted the development of MDR in gastric cancer 
cells (16). Based on these data, in the present study, we further 
investigated the role of PVT1 in the effect of KLT on drug 
resistance in gastric cancer cells, which might shed light on 
elucidating the potential mechanism of KLT in ameliorating 
MDR of cancer cells.

Materials and methods

Cell lines and culture. The cisplatin‑resistant BGC823/DDP 
cells and SGC7901/DDP cells were obtained as the previous 
study (16). Briefly, human gastric cancer cell lines BGC823 
and SGC7901 obtaining from the Type Culture Collection 
of the Chinese Academy of Sciences (Shanghai, China) 
were exposed to cisplatin with gradually increasing concen-
tration for about 12  months. The cisplatin concentration 
was from 0.05 mg/ml until the cells acquired resistance to 
1 mg/ml. Finally, the cisplatin‑resistant BGC823/DDP cells 
and SGC7901/DDP cells were developed. Cells were cultured 
in RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% of fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml of 
penicillin and 100 mg/ml of streptomycin (Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C in a humidified incubator with 
5% CO2.

Plasmids and cell transfection. PVT1‑overexpression vector 
(Ad‑PVT1) was constructed and synthetized by Ribobio Co., 
Ltd. (Guangzhou, China). BGC823/DDP and SGC7901/DDP 
cells were transfected Ad‑PVT1 by using Lipofectamine 2000 
transfection reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) according to the manufacturer's instructions.

Cell Counting Kit‑8 (CCK‑8) assay. CCK‑8 assay was 
performed to detect the effect of KLT on the cell viability of 
BGC823/DDP cells and SGC7901/DDP cells. KLT® (Coix Seed 
Oil) injection (10 g/100 ml) and blank emulsion (as vehicle) 
were obtained from the Zhejiang Kanglaite Pharmaceutical 
Co., Ltd. (Hangzhou, China). The cells (5x103 cells/ml) were 
cultured on a 96‑well plate in a RPMI‑1640 medium supple-
mented with different concentrations of KLT (1, 2.5 and 
5 µl/ml) for 24, 36 and 48 h. After the incubation, CCK‑8 was 
added into each well, followed by incubation for 1 h in humid 
atmosphere containing 5% CO2. Absorbance was determined 
at 450 nm by microplate reader.

Apoptosis analysis by flow cytometry. An Annexin V‑FITC 
Apoptosis Detection kit I (BD Pharmingen, San Diego, CA, 
USA) was used to examine the cell apoptosis according to the 
manufacturer's instructions. Cells were cultured on a 96‑well 
plate in a RPMI‑1640 medium supplemented with different 
concentrations of KLT (1, 2.5, 5 µl/ml) for 48 h. Then cells were 
washed with PBS and resuspended in 1X binding buffer at a 
concentration of 1x106 cells/ml. Cell suspension (100 µl) was 
incubated with 5 ml of FITC Annexin‑V and 5 µl of propidium 
iodide (PI) for 15 min in the dark. Following the incubation, 
400 µl 1X binding buffer was added. Flow cytometry was 

used to analyze the cell apoptosis with the EPICS XL‑MCL 
FACScan (BD Biosciences, Mountain View, CA, USA). 
Annexin V‑FITC‑positive and PI‑negative cells indicated the 
cells undergoing apoptosis.

Western blot analysis. RIPA buffer was used to extract the 
total protein from cell lysates and the protein concentration 
was measured by BCA Protein Assay Kit (Pierce Chemical 
Co., Ltd., Rockford, IL, USA). Then proteins (20 µg) were 
separated by 12% SDS‑polyacrylamide gel electrophoresis 
and transferred onto PVDF membranes (Millipore Corp., 
Bedford, MA, USA). After blocking with 10% dry milk in 
TBST for 1 h at room temperature, membranes were incubated 
with antibodies against MDR1 (1:3,000) and MRP1 (1:1,500), 
or anti‑GAPDH (1:5,000) as a control overnight at 4°C. Blots 
were incubated with a peroxidase‑linked secondary antibody 
(1:1,000) for 1 h. The enhanced chemiluminescence (ECL) 
detection system (Amersham Biosciences, Uppsala, Sweden) 
was used to detect the antibody binding.

Quantitative PCR. Quantitative PCR was performed to detect 
the level of PVT1 and the mRNA level of MDR1 and MRP1. 
Briefly, total RNA from cultured cells was extracted by using 
TRIzol reagent (Invitrogen Life Technologies) according to the 
manufacturer's instructions. Then the total RNA was used as 
the templet to convert into cDNA using the RevertAidHMinus 
First Strand cDNA synthesis kit (Fermentas; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). A SYBR‑Green PCR 
Mastermix was used to perform the quantitative PCR on 
an Mx3000P Real‑Time PCR system (Stratagene; Agilent 
Technologies, Inc., Santa Clara, CA, USA). PCRs were 
performed with the following primer sets: PVT1 forward, 
5'‑CAGCACTCTGGACGGAC‑3' and reverse primers, 
5'‑CAACAGGAGAAGCAAACA‑3'; MDR1 forward, 5'‑ACC 
AAGCGGCTCCGATACA‑3' and reverse primers, 5'‑TCA 
TTGGCGAGCCTGGTAGTC‑3'; MRP1 forward, 5'‑GGA 
CCTGGACTTCGTTCTCA‑3' and reverse primers, 5'‑CGT 
CCAGACTTCATCCG‑3'; GAPDH forward, 5'‑ACCACA 
GTCCATGCCATCAC‑3' and reverse primers, 5'‑TCACCA 
CCCTGTTGCTGTA‑3'. RNA levels were corrected with the 
GAPDH signal. All mRNA levels were calculated using the 
2‑ΔΔCq method.

Statistical analysis. The values were expressed as the 
mean ±  standard deviation (SD). SPSS  17.0 software was 
used to analyze the data. The Student's t‑test was performed 
to detect differences between the KLT and vehicle groups. 
P<0.05 was considered significant.

Results

KLT inhibited the cell viability and promoted the cell 
apoptosis of drug‑resistant gastric cancer cells. 
BGC823/DPP cells and SGC7901/DDP cells were treated with 
1, 2.5 and 5 µl/ml of KLT for 24, 36 and 48 h. The results of 
CCK8 assay showed that the cell viability of BGC823/DPP 
cells and SGC7901/DDP cells was significantly decreased by 
KLT in a concentration‑dependent manner (Fig. 1A and B). 
To detect the effect of KLT on cell apoptosis of drug‑resistant 
gastric cancer cells, BGC823/DPP cells and SGC7901/DDP 
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cells were treated with 1, 2.5 and 5 µl/ml of KLT for 48 h and 
detected by Annexin V‑PI assay. As shown in Fig. 1C, KLT 
highly promoted the cell apoptosis of BGC823/DPP cells 
and SGC7901/DDP cells which was also dose‑dependent. 
Particularly, BGC823/DPP cells or SGC7901/DDP cells 
treated with 5  µl/ml of KLT showed 3.5‑fold increase or 
4.2‑fold increase of apoptotic percentage compared to cells 
treated with vehicle. These results indicated that KLT inhib-
ited the cell viability and promoted the cell apoptosis of 
drug‑resistant gastric cancer cells.

KLT suppressed the expression of drug resistance‑related 
proteins. As drug resistance‑related proteins might contribute 
to MDR, we detected the mRNA levels of MDR1 and 
MRP1 by means of Real Time‑PCR in BGC823/DPP and 
SGC7901/DDP cells treated with different concentration (1, 
2.5, 5 µl/ml) of KLT for 24 h. As shown in Fig. 2A and B, the 
expression of MDR1 and MRP1 were both reduced by the 
pretreatment of KLT in a concentration‑dependent manner 
in BGC823/DPP and SGC7901/DDP cells. Compared to the 
control (vehicle) the expression of MDR1 and MRP1 was 51 
and 49% in BGC823/DPP cells treated with 5 µl/ml of KLT, 
respectively. Then western blot was performed to examine 
the protein level of MDR1 and MRP1 in BGC823/DPP and 
SGC7901/DDP cells treated with 2.5 µl/ml of KLT for 48 h. 
KLT also greatly decreased the protein level of MDR1 and 
MRP1 (Fig. 2C). These data indicated that KLT suppressed 
the expression of drug resistance‑related proteins.

KLT inhibited the expression of PVT1 in drug‑resistant 
gastric cancer cells. To investigate the effect of KLT on the 

expression of PVT1 in gastric cancer cells, the level of PVT1 
was detected in BGC823/DPP and SGC7901/DDP cells 
treated with 1, 2.5 and 5 µl/ml of KLT for 24 h. As shown 
in Fig. 3A, significant downregulation of PVT1 was observed 
in all Kanglaite‑treated groups vs. the vehicle groups. Then 
BGC823/DPP and SGC7901/DDP cells were transfected 
Ad‑PVT1 followed by the treatment of 2.5 µl/ml of KLT for 
48 h. The result of cell apoptosis showed that compared to 
BGC823/DPP and SGC7901/DDP cells treated with KLT 
alone, the apoptotic percentage was 46  and  50% in cells 
treated with KLT and Ad‑PVT1, which indicated that PVT1 
overexpression reversed the increased percentage of apoptotic 
cells induced by KLT (Fig. 3B).

KLT inhibited the expression of drug resistance‑related 
proteins via suppressing the expression of PVT1. 
BGC823/DPP and SGC7901/DDP cells were transfected 
Ad‑PVT1 and then treated with 2.5 µl/ml of KLT for 24 h. 
The mRNA level of MDR1 and MRP1 were detected by 
Real Time‑PCR and the results showed that PVT1 overex-
pression increased the mRNA level of MDR1 and MRP1 
which was inhibited by KLT (Fig. 4A and B). For example, 
BGC823/DPP cells treated with KLT and Ad‑PVT1 showed 
1.66‑fold increase of MDR1 expression and 1.57‑fold 
increase of MRP1 expression compared to cells treated with 
KLT alone. In addition, PVT1 overexpression also abrogated 
the effect of KLT on the protein level of MDR1 and MRP1 
in BGC823/DPP and SGC7901/DDP cells (Fig. 4C). These 
data suggested that KLT inhibited the expression of drug 
resistance‑related proteins via suppressing the expression of 
PVT1.

Figure 1. KLT inhibited the cell viability and promoted the cell apoptosis of drug‑resistant gastric cancer cells. Different concentration (1, 2.5 and 5 µl/ml) of 
KLT were used to treat BGC823/DPP cells and SGC7901/DDP cells for 24, 36 and 48 h. CCK8 assay was performed to detect the cell viability of BGC823/DPP 
cells (A) and SGC7901/DDP cells (B). BGC823/DPP cells and SGC7901/DDP cells were treated with different concentration (1, 2.5 and 5 µl/ml) of KLT for 
48 h, and the cell apoptosis was detected by Annexin V‑PI assay (C). All values are mean ± SD. *P<0.05 vs. vehicle group; **P<0.01. vs. vehicle group.
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Discussion

Traditional Chinese medicine has been known to show signifi-
cant advantages in improving the clinical symptom and the 
therapeutic efficacy of chemotherapy, as well as in alleviating 
the side effects of chemotherapy (17). KLT is an antitumor 
drug widely used clinically in China. It has been found to 
improve quality of life of cancer patients, strengthen immune 
function and reduce cancer cachexia. Several researches have 
aimed to clarify the antitumor mechanism of KLT and demon-
strated that KLT primarily blocked the G2/M phase of the cell 
cycle, inducing cell apoptosis through activating proapoptotic 
factors, such as p53, Fas and caspase‑3 (4).

Nowadays, MDR has been the major obstacle for the 
treatment of cancers, including the gastric cancer therapy, 
which mainly leads to the failure of chemotherapies. KLT 
also ameliorated the MDR of cancers in clinical use. KLT 
was reported to be effective in reversing MDR of human 
lung adenocarcinoma cells and increasing the sensitivity 
of cancer cells to chemotherapeutic agents (18). A network 
meta‑analysis showed that compared with FOLFOX alone, 
combinations with KLT injection could reduce nausea and 
vomiting and the incidence of leukopenia (9). Although the 
efficacy of KLT on MDR has been recognized, the molecular 
mechanism was not fully understood. In this study, we showed 
that KLT inhibited the cell viability and promoted the cell 

Figure 3. KLT inhibited the expression of PVT1. (A) The level of PVT1 was detected in BGC823/DPP and SGC7901/DDP cells treated with different concen-
tration (1, 2.5 and 5 µl/ml) of KLT for 24 h. (B) Cell apoptosis was detected in BGC823/DPP and SGC7901/DDP cells pretreated with Ad‑PVT1 followed by 
the treatment of 2.5 µl/ml of KLT for 48 h. All values are mean ± SD. **P<0.01 vs. vehicle group. 

Figure 2. KLT suppressed the expression of drug resistance‑related proteins. The mRNA levels of MDR1 (A) and MRP1 (B) were detected by quantitative 
PCR in BGC823/DPP and SGC7901/DDP cells treated with different concentration (1, 2.5, 5 µl/ml) of KLT for 24 h. (C) The protein levels of MDR1 and 
MRP1 were examined by western blot in BGC823/DPP and SGC7901/DDP cells treated with 2.5 µl/ml of KLT for 48 h. All values are mean ± SD. *P<0.05  
vs. vehicle group; **P<0.01 vs. vehicle group.
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apoptosis of drug‑resistant gastric cancer cells. Furthermore, 
KLT suppressed the expression of MDR1 and MRP1 in 
BGC823/DPP and SGC7901/DDP cells, which suggested that 
KLT might attenuate MDR1‑ and MRP1‑regulated MDR in 
gastric cancer cells.

The MDR1 gene encoded P‑glycoprotein (P‑gp) which 
was an efflux pump belonging to the ATP binding cassette 
transporter superfamily. P‑gp efflux pump was able to trans-
port the chemotherapeutic agents out of the cells causing the 
decreased drug accumulation, then leading to the MDR (19). 
The mechanism of action of MRP1 for MDR was similar 
to MDR1 which also belonged to the ATP binding cassette 
transporter superfamily (20). These data indicated that KLT 
inhibited anticancer drug resistance by targeting ATP binding 
cassette transporter family members in gastric cancer.

To further investigate the mechanism through which KLT 
regulated the expression of MDR1 and MRP1, we explored the 
effect of KLT on the expression of PVT1, which was observed 
to promote MDR in gastric cancer cells in our previous study. 
In several cancers, PVT1 is found to be upregulated in cancer 
tissues than in adjacent normal tissues, and acts to induce 
cell proliferation and suppress apoptosis (21‑23). In addition, 
overexpression of PVT1 is involved in cancer resistance to 
chemotherapy. Similar to the results of our previous study, 
PVT1 was overexpressed in SGC7901 paclitaxel‑resistant cells 
than in untreated SGC7901 cells (14). In the malignant pleural 
mesothelioma cell, PVT1 knockdown reduced cell prolifera-
tion and increased sensitivity to cisplatin (24). PVT1 was also 
shown to regulate gemcitabine sensitivity in human pancreatic 
cancer cells ASPC‑1 (25). We showed that KLT inhibited the 
expression of PVT1 in drug‑resistant gastric cancer cells in 
a time‑dependent manner. In addition, PVT1 overexpression 

reversed the increased percentage of apoptotic cells and the 
inhibition of the expression of MDR1 and MRP1 induced by 
KLT. These data indicated that KLT inhibited the expression 
of MDR1 and MRP1 via suppressing the expression of PVT1.

In conclusion, the results in the present study indicated 
that KLT inhibited the cell viability and promoted the cell 
apoptosis of drug‑resistant gastric cancer cells. In addition, 
KLT might attenuate the MDR of gastric cancer cells asso-
ciating with inhibiting MDR1 and MRP1. Furthermore, KLT 
inhibited the expression of MDR1 and MRP1 via suppressing 
the expression of PVT1. The present findings reveal a novel 
mechanism of KLT function on the MDR of gastric cancer 
cells, which can potentially be exploited to prevent the MDR 
of gastric cancer.
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