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Abstract
Objective: To investigate the effect on silencing MRP7 gene by siRNA reversed multidrug resistance in 

hepatocellular carcinoma resistant cell line SMMC7721/ADM and HepG2/ADM. 

Methods: SMMC7721 and HepG2 cells were transfected with different gradient concentrations of doxorubicin 
(ADM) to produce HepG2/ADM and SMMC7721/ADM. MRP7-siRNA was transfected into HepG2/ADM and 
SMMC7721/ADM cells by lipofectamine 2000 liposomes. Real-time fluorescent quantitative RT-PCR was used to 
detect MRP7 mRNA expression in each group. Western blot was used to detect the expression of MRP7 protein. 
Transwell Invasion Assay and Flow Cytometry were used to detect the influence on the invasion ability and apoptosis 
of hepatoma cells after silencing MRP7 Gene. 

Results: MTT assay revealed that the IC50 values and RI of SMMC7721/ADM and HepG2/ADM cells were 
decreased after treatment with siRNA. The mRNA expression of MRP7 was significantly decreased in SMMC7721/
ADM and HepG2/ADM cells after siRNA transfection. Compared with the expression of parental cells, MRP7 protein 
expressions were apparently decreased in SMMC7721/ADM and HepG2/ADM cells. Flow cytometry showed that 
silencing MRP7 gene may result in a significantly higher rate of apoptosis of HepG2/ADM and SMMC7721/ADM cells. 
Transwell assays showed that silencing MRP7 gene significantly reduced the invasive potential of SMMC7721/ADM 
and HepG2/ADM cells. 

Conclusion: After silencing MRP7 gene in SMMC7721/ADM and HepG2/ADM cells by siRNA, the sensitivity 
of the cells to chemotherapeutic drugs was significantly increased and can partially reverse the drug resistance of the 
cells to chemotherapeutic drugs. 
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Introduction
With the continuous changes of people’s lifestyle and diet, the new 

incidence and the mortality of liver cancer also increased year by year. 
Primary liver cancer is one of the world’s highest fatality, the highest 
mortality in all the malignant tumors [1,2].
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are controlled by a complex network of molecules. In conclusion, in the 
gene expression level, there was profound significance in finding the 
molecular mechanism or molecules network change of drug resistance 
in tumor cells for us to thoroughly grasp the resistance mechanism, 
thereby reversing multi-drug resistance of tumor cells [11]. Currently, 
ABC-binding membrane transporters are considered as the most 
important and most studied resistance mechanisms. Among them, 
Multidrug Resistance-Related Protein (MRP) has gradually become 
a hot spot in recent research and its role in drug resistance is also 
increasingly recognized by people [12-14].

In previous studies, we established the SMMC-7721/ADM drug 
resistance liver cancer cell lines induced by continuous concentration 
gradient ADM and then down-regulated the MRP3 gene of SMMC-
7721/ADM by using siRNA technology which increased the sensitivity 
to chemotherapeutic drugs and it proved that MRP3 gene was 
associated with multidrug resistance of liver cancer and it can be a 
therapeutic target for reversing the multidrug resistance of liver cancer.
MRP7 is an ATP-dependent membrane transporter and is a member of 
the multidrug resistance protein family that is largely homologous in 
amino acid sequence to MRP3 and is also highly expressed in the liver, 
pancreas, biliary tract, adrenal, duodenum and colon. WetherMRP7 
gene is also involved in multidrug resistance of liver cancer cells? This 
project intends to use liposome transfection technique to introduce 
specific siRNA gene fragment into HepG2/ADM and SMMC7721/ADM 
model and to down-regulate or close the MRP7 gene of drug-resistant 
cell line of hepatocellular carcinoma to increase the intracellular drug 
concentration and to promote the sensitivity of hepatoma cells to 
chemotherapy and improve the chemotherapy effect of liver cancer.

Materials and Methods
Material

Human hepatoma cell line HepG2, SMMC7721 was purchased 
from Shanghai Institute of Biological Sciences, Chinese Academy 
of Sciences. The mouse anti-human MRP7 McAb was purchased 
from Taiwan Abnova Company. Lipofectamine 2000 liposomes were 
purchased from the United States Invitrogen Corporation. Trizol was 
purchased from the United States GIBCO company. Thiazolyl blue 
(MTT) kit was purchased from Shanghai Pfeiffer Biotechnology Co. 
ABI Prism 7300 real-time fluorescence quantitative PCR instrument 
was purchased from the United States ABI PRISM company.

Methods

Establish multidrug resistance hepatoma cell line HepG2/
ADM and SMMC7721/ADM: Human hepatocellular carcinoma cells 
SMMC7721 and HepG2 were cultured in DMEM containing 10% fetal 
calf serum and cultured in a 37ºC incubator with 5% CO2 and saturated 
humidity. Different concentrations of doxorubicin (ADM) from 0.1 μg/
ml to 2.0 μg/ml were added gradually to DMEM medium with 0.1 μg/
ml of each gradient. We designated the cultured cells as HepG2/ADM 
and SMMC7721/ADM cells when ADM concentration was stable at 2.0 
μg/ml.

MRP7-siRNA transfection: Take MRP7 gene as the interference 
target and use Thermo online design software to design MRP7-siRNA 
sequence. siRNA sequence: GGAAAGAAGUCGGGGCAUA. HepG2/
ADM and SMMC7721/ADM cells were seeded in a 6-well plate at a 
concentration of 6 × 10 4 cells/well. After being cultured for 48 h, the 
cells were transfected with Lipofectamine 2000 liposomes. After being 
transfected with 5% CO2 at 37ºC for 4 h, the DMEM medium was 
replaced and cultured for 24 h.

Experimental grouping: The experiment was divided into HepG2 
cell group (control group), HepG2/ADM cell group (drug-resistant 
group), HepG2/ADM cell group transfected with MRP7-siRNA 
(interference group) and andSMMC7721 cell group (control group), 
SMMC7721/ADM cell group (drug-resistant group), SMMC7721/
ADM cell group transfected with MRP7-siRNA (interference group).

Detect mRNA expression levels of MRP7 gene by Real-time 
fluorescent quantitative RT-PCR: Six groups of cells were inoculated 
with 6-well plates respectively and then collected cells after continue to 
culture for 24 h. Trizol was used to extract the total RNA of the six groups 
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an incurable disease to a partially curable disease. However, the 
development of the treatment of liver cancer is now facing a bottleneck 
stage. At present, the therapeutic effect of liver cancer is mainly 
attributed to the physical damage to the tumor, including surgical 
resection, freezing, radiofrequency and microwaves. The biggest 

Figure 4: Statistics of HepG2ADM cell apoptosis. The apoptosis of 
HepG2ADM cells was analyzed by flow cytometry. (A) After silencing MRP7 
gene, the proportion of late apoptotic cells was significantly increased, 
(B) After silencing MRP7 gene, the proportion of early apoptotic cells 
decreased slightly and (C) After silencing MRP7 gene, the total apoptosis 
of cells increased significantly.

Table 2: Data analysis of cell apoptosis.

Sample (%) UL UR LL LR UR+LR
HepG2-ADM 1.14 0.98 97.17 0.71 1.69

HepG2-ADM NC siRNA 1.44 1.02 97.02 0.52 1.54
HepG2-ADM 
MRP7siRNA 0.53 1.60 97.34 0.53 2.13

Figure 5: Results of SMMC7721/ADM cell apoptosis. The apoptosis of 
SMMC7721/ADM cells was analyzed by flow cytometry. (A) SMMC7721/
ADM-Control, (B) SMMC7721/ADM, (C) SMMC7721/ ADM NC siRNA and 
(D) SMMC7721/ADM MRP7 siRNA.

Discussion
Primary hepatocellular carcinoma is one of the most common 

malignancies in the world today. In recent years, with the deepening 
understanding of liver cancer and related advances in science and 
technology, the treatment of liver cancer has made considerable 
development. In general, primary liver cancer has changed from 

Figure 3: Results of HepG2ADM cell apoptosis. The apoptosis of 
HepG2ADM cells was analyzed by flow cytometry. (A) HepG2 ADM- Control, 
(B) HepG2 ADM, (C) HepG2 ADM NCsiRNA and (D) HepG2 ADM 
MRP7 siRNA.

Figure 6: Statistics of SMMC7721/ADM cell late apoptosis. The apoptosis 
of SMMC7721/ADM cells was analyzed by flow cytometry. (A) After 
silencing MRP7 gene, the proportion of late apoptotic cells was significantly 
increased, (B) After silencing MRP7 gene, the proportion of early apoptotic 
cells decreased slightly and (C) After silencing MRP7 gene, the total 
apoptosis of cells increased significantly.

Table 3: Data analysis of cell apoptosis.
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drawback of these treatments is that it is very difficult to completely kill 
the tumor, especially the tiny tumor lesions that are difficult to detect 
by the existing technical means [8,10]. Some other adjuvant treatments, 
including chemotherapy, immunotherapy and traditional Chinese 
medicine, have limited therapeutic effect on liver cancer.

Therefore, in order to achieve a breakthrough in the treatment of liver 
cancer, we must find ways to improve the efficacy of current adjuvant 
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reduced the invasive potential of HepG2/ADM and SMMC7721/ADM 
cells (Figures 7 and 8). 

Conclusion
In conclusion, the silencing of MRP7 gene by siRNA silencing 

drug-resistant HepG2/ADM and SMMC-7721/ADM cells significantly 
increased the sensitivity of chemotherapeutic drugs and even 
reversed the drug resistance of chemotherapeutic drugs. MRP7 plays 
an important role in the occurrence and development of multidrug 
resistance in hepatocellular carcinoma and causes primary or 
secondary drug resistance of hepatoma cells to chemotherapeutic 
drugs. Therefore, it is necessary in clinical practice to detect MRP7 in 
chemo resistant patients with hepatocellular carcinoma to evaluate the 
efficacy of chemotherapy.
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