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Objective The aim of the current study was to establish an oxaliplatin-resistant hepatoma cell line
(HepG2/OXA) and investigate the potential mechanisms of its drug resistance.

Methods The hepatoma cell subline, HepG2/OXA, resistant to oxaliplatin (OXA), was established from
a parent cell line HepG2, by stepwise exposure to gradually increasing concentrations of OXA over a
half-year period. Chemosenstivity of the cytotoxic drugs, OXA, cisplatin (CDDP), adriamycin (ADM), and
5-fuorouracil (5-FU), was determined in HepG2 and HepG2/OXA cells, by the Cell counting kit-8 (CCK8)
assay. Cell cycle distribution of HepG2 and HepG2/OXA cells was analyzed by Flow cytometry (FCM).
The expression levels of several drug resistance-related proteins, such as P-glycoprotein (P-gp), multidrug
resistant protein 1 (MRP1), and excision repair-cross complementing 1 (ERCC1) protein in the two cell lines
were tested by the western blot assay.

Results The IC50 of OXAin HepG2/OXA and HepG2 were 136.84 umol/L and 23.86 pumol/L, respectively.
The resistance index (RI) was 5.34. HepG2 was also demonstrated to be cross-resistant to other anti-
tumor agents, such as 5-FU, ADM, and CDDP. The percentage of HepG2/OXA cells in the S phase was
significantly decreased compared to HepG2 cells (25.58% + 2.36% vs 14.37% + 2.54%, P < 0.05), while the
percentage of cells in the G0/G1 and G2/M phases showed no statistical difference (respectively 55.29%
+4.98% vs 56.73% + 4.56%, P > 0.05, and 24.63% + 4.81% vs 28.26% * 3.82%, P > 0.05). The ERCC1
was found to be over expressed in HepG2/OXA cells, while there was no difference in the expressions of
P-gp and MRP1 between the multiple drug resistance (MDR) phenotype cell line and its parental cell line.

Conclusion HepG2/OXA showed an MDR ability; the over expression of ERCC1 might be associated
with the platinum resistance of the cells, but P-gp and MRP1 are not.

Key words: hepatocellular carcinoma (HCC); multidrug resistance (MDR); excision repair-cross
complementing 1 (ERCC1); oxaliplatin

In China, hepatocellular carcinoma (HCC) is the
fourth most common malignancy in men and the
eighth in women, and the fourth most common cause of
cancer-related mortality in men and women . Chronic
HBV infection is thought to be the most important risk
factor for the pathogenesis of HCC, especially in China.
Unfortunately, the majority of the patients are surgically
unresectable at the time of diagnosis, and the risk of

recurrence for those postoperative cases is considerably
high. As a result, even though the diagnosis and
comprehensive treatments are improved, the prognosis of
HCC remains extremely poor .

Due to the lack of powerful research data from
evidence-based medicine, the effect of chemotherapy on
the overall survival remains to be controversial. However,
chemotherapy is still an important strategy for most
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unresectable and recurrent cases. Platinum drugs, such as
cisplatin (DDP) and oxaliplatin (OXA) have been used as
the common chemotherapeutic agents in the treatments
for HCC. The international multi-center randomized
phase III study (EACH) confirmed the therapeutic
value of FOLFOX4 (OXA, CF plus 5-FU) for advanced
HCC, and it was the first time that a combined regimen
of oxaliplatin was proved to have survival benefits for
patients with advanced HCC Bl. However, the effect of
oxaliplatin is limited due to the intrinsic or acquired drug
resistance of HCC cells “®. Additionally, the potential
mechanism of OXA resistance remains unclear.

OXA resistanceisoften accompanied by cross-resistance
to other chemotherapy agents, called multidrug resistance
(MDR), which is thought to be the critical reason for the
failure of chemotherapy treatment ®. One of the possible
mechanisms of MDR is the drug efflux pumps which
lead to the decrease of the intracellular concentration of
the chemotherapeutic agents. The drug pumps mainly
include ATP-binding cassette (ABC) transporters, such
as P-gp, MRP1, and lung resistant-related protein (LRP).
However, since the cytotoxicity of platinum is mediated
by DNA damage, nucleotide excision repair (NER) plays
a critical role in the occurrence of platinum-related
resistance -8, ERCC1 over-expression enhances the rapid
DNA damage repair ability and is an important factor for
platinum resistance ..

In the current study, we established an OXA-resistant
cell line, HepG2/OXA, from its parental cell line HepG2,
analyzed its biological characteristics, and explored its
potential molecular mechanism of MDR in vitro.

Materials and methods

Compounds

Chemotherapeutic drugs, oxaliplatin (OXA; St. Louis,
MO, USA), 5-fluorouracil (5-FU; Jiangsu Hen Rui
Medicine Co. Ltd, Lianyungang, China), cisplatin (CDDP;
Jiangsu Hen Rui Medicine Co. Ltd, Lianyungang, China),
doxorubicin (ADM; Jiangsu Hen Rui Medicine Co. Ltd,
Lianyungang, China) were used in this study. All the
agents were used according to the protocol provided by
the manufacturers.

Cell lines and culture conditions

Two human hepatoma cell lines (HepG2 and SMMC-
7721) were used in the present study. HepG2 and SMMC-
7721 cells were high-malignancy hepatocarcinoma cell
lines established from surgically excised specimens of
Chinese hepatocellular carcinoma patients, and derived
from the China Center for Type Culture Collection.
HepG2 and SMMC-7721 cells were cultured in Dulbecco’s
modified Eagle’s medium/high glucose (DMEM/H,
Invitrogen Carlsbad, CA, USA) supplemented with 10%
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(v/v) fetal bovine serum (Invitrogen Carlsbad, CA, USA),
200 IU/mL penicillin (ICN Biomedical, Costa Mesa, CA,
USA), 100 mg/mL streptomycin (ICN Biomedical), and 0.5
mmol/L sodium pyruvate (Cambrex, Walkersville, MD,
USA). The cells were cultured at 37 °C in a humidified
atmosphere, under conditions of 5% CO,.

Establishment of OXA-resistant subline in vitro

The parental cell lines HepG2 and SMMC-7721
were exposed to medium containing OXA at an initial
concentration of 25 uM for 24 h. The dead cells were
removed with 0.01 mol/L phosphate-buffered saline
(PBS), and the remaining cells were cultured in OXA-free
culture medium. Once the growth of treated cells reached
70%-80% confluence, the above protocol was repeated.
After half a year, a resistant sub-clone of HepG2/OXA was
obtained, which could grow exponentially in the medium
containing 10 pM OXA. The proliferation of the parental
cell line SMMC-7721 was poor; the OXA-resistant sub-
line could not be achieved even when the culturing time
was prolonged to one year.

Proliferation assay after co-exposure to
chemotherapeutic drugs

The proliferation rate of cells under the conditions of
exposure to the chemotherapeutic drugs was determined
by the CCK-8 assay (Dojindo Molecular Technology,
Dojindo, Japan), according to the manufacturer’s
instructions. We compared the proliferation rates at
different concentrations of the drugs to clarify the
characteristics of MDR in HepG2/OXA cells. Before the
assay, HepG2/OXA cells were maintained in OXA-free
medium and cultured for three generations. Cancer cells
were seeded into two 96-well plates at a concentration of
8000 cells/well with 100 pL of medium and cultured for
12 h. Then, experiment groups (EG) were cultured in 100
pL of fresh medium containing various concentrations of
the anticancer drugs for 24 h, while the control group
(CG) was cultured in 100 pL of medium free of anticancer
drugs. The concentrations of OXA were 3.125, 6.25, 12.5,
25, 50, and 100 pM; those of CDDP were 2.5, 5, 10, 20,
40, and 80 pM; those of 5-FU were 12.5, 25, 50, 100, 200,
and 400 pg/mL; and those of ADM were 1, 2, 4, 8, 16, and
32 pM. The medium was discarded after 24 h, and cells
were incubated for 2 h in 110 pL. of DMEM/H solution
with CCK-8 (10 pL of CCK-8 and 100 pL of DMEM/H).
Blank groups (BG) were made in wells without cells.
Optical density (OD) was measured for each well at a
wavelength of 450 nm. Inhibitory ratio (IR) in different
concentrations was calculated by the following formula: 1
— (ODgg — ODsg) / (ODgg — ODgg). According to the IRs in
different concentrations of the anticancer drugs, the 50%
inhibitory dose (IC50) was measured by SPSS 19.0 (SPSS
Inc, Chicago, IL, USA). Resistant indexes (RI = IC50uepc2/
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Table 1 Determination of IC50 and resistance index (RI) according to the inhibition ratio of different concentrations of OXA of HepG2/OXA
cells and HepG2 cells (mean + SD; n = 5)
Inhibition ratio of different concentrations of OXA (umol/L) 1C50 RI
3.125 uyM 6.25 uM 12.5 UM 25 uM 50 uM 100 uM
HepG2/0XA 10.18 + 1.81 12.49 + 2.68 13.01+£2.07 13.92+343  26.36+6.27 63.32+7.26 136.84+8.46 5.74
HepG2 12.89+1.76* 1659+2.97° 2114+229* 2813+4.15* 51.31+6.89" 96.68 +8.24* 23.86 +3.78

*P<0.05,* P<0.01

oxa / IC50mepc2) Of each tested drug were calculated. Five
replicate wells were used for each drug concentration and
the testing was carried out independently for three times.

Cell cycle analysis

The HepG2/OXA cells and the parental HepG2 cells
were harvested after digestion by trypsinogen (Invitrogen,
Carlsbad, CA, USA) without ethylene diamine tetraacetic
acid (Invitrogen, Carlsbad, CA, USA), washed two times
with ice-cold PBS (pH 7.2), and immobilized using
dehydrated alcohol (-20 °C) and PBS (3:1) at 4 °C for 12
h. The immobilized cells were then washed twice with
ice-cold PBS and incubated in the presence of 25 mg/mL
RNase (Invitrogen, Carlsbad, CA, USA) at 37 °C for 30
min, stained with 50 mg/mL PI (Invitrogen, Carlsbad,
CA, USA), and then placed on ice for 30 min in the dark.
Cell cycle phase distribution was analyzed using a flow
cytometer (Becton Dickinson, Biosciences, San Jose, CA,
USA). Data from 10 000 cells were collected and analyzed
using the Modofit software program (Becton Dickinson,
Biosciences, San Jose, CA, USA).

Expression of P-gp, MRP1, ERCC1
by western blotting

Total protein was collected from the cultured HepG2/
OXA cells and the parental HepG2 cells. The protein
concentration was measured by a BCA Protein Assay Kit
(Beyotime Institute of Biotechnology, Jiangsu, China).
Before electrophoresis, the protein was denatured in
lithium dodecyl sulfate (LDS) sample buffer (106 mmol/L
Tris-HCl, 141 mmol/L Tris base; pH 8.5, 0.51 mmol/L
EDTA, 10% glycerol, 2% LDS, 0.22 mmol/L. SERVA
blue G250, 0.175 mmol/L, phenol red, 0.1 mmol/L
2-mercaptoethanol) for 10 min at 95 °C. Total protein
(20 pg per lane) was electrophoresed on an 8% SDS-
PAGE gel and transferred onto a 0.45-pm nitrocellulose
filter membrane (NC) (Roche, Indianapolis, IN, USA).
Membranes were blocked with 5% (w/v) nonfat dry milk
in PBST (phosphate-buffered saline containing 0.05%
Tween 20) for 2 h at room temperature and incubated
overnight at 4 °C with antibodies against P-gp (1:200), or
MRP1 (1:200), or ERCC1 (1:100) (Santa Cruz, CA, USA).
The membranes were then incubated with Dylight™
800-Labeled antibodies (Gaithersburg Biotechnology,
MD, USA) for 1 h after being washed four times with
PBST for 5 min. In the end, the immunoblot signals were

Table 2 Results of IC50 and resistance index (RI) of different
anticancer drugs of HepG2/OXA cells and HepG2 cells (mean £ SD)

Drugs ICS0(n = 9) Rls
HepG2 (umol/L)  HepG2/0OXA (umol/L)

OXA 2386 +3.78 136.84 + 8.46** 5.74

DDP 7.56 £1.71 12.33 £2.29* 1.63

5-FU 109.84 +6.84 154.01 + 8.93* 1.40

ADM 445+1.12 8.67 £1.97* 1.94

*P<0.05*P<0.01

scanned and analyzed by the Odyssey Infrared Imaging
System (Li-Cor Biosciences Nebraska USA).

Statistical analysis

All digital results were displayed as mean + SD. The
quantitative ratios of different groups were compared
by Student’s t-test with SPSS 13.0. Probability values
of P < 0.05 were regarded as statistically significant. All
statistical tests were two-sided. All the experiments were
repeated at least three times.

Results

Establishment of the OXA-resistant cell line
HepG2/0XA and determination of its MDR

The HepG2/OXA cell line was established by
pulsed exposure to a high concentration of OXA. The
cytotoxicity assay (CCK8) showed that HepG2/OXA
cells were resistant not only to OXA, but also to other
anticancer drugs. The IC50 of HepG2/OXA for OXA was
(136.84 + 8.46) pmol/L, which was 5.74 times that of the
parental cells HepG2 [(23.86 + 3.78) pmol/L]. In addition,
the RIs of HepG2/OXA cells were 1.63, 1.40, and 1.93 for
DDP, 5-FU, and ADM, respectively (Tables 1 and 2).

Cell cycle distribution of HepG2/0OXA and
HepG2

The cell cycle distribution in the HepG2/OXA cell line
exhibited a significantly decreased percentage of cells
in the S phase (25.58% = 2.36% vs 14.37% =+ 2.54%, P
< 0.05) in comparison with the HepG2 cells, while the
percentage of cells in the GO/G1 phase (55.29% + 4.98%
vs 56.73% = 4.56%, P > 0.05) and G2/M phase (24.63% =
4.81% vs 28.26% + 3.82%, P > 0.05) showed no statistical
differences (Fig. 1).
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Fig. 1
and HepG2/0OXA

The distribution of HepG2/OXA cells in the S phase
exhibited a significant decrease, in comparison with
HepG2 cells, while the percentages of the cells in the GO/
G1 and G2/M phases showed no statistical differences.

ERCC1, P-gp, and MRP1 protein expression in
HepG2/0XA and HepG2 cells

P-glycoprotein (P-gp), multidrug-resistant protein
1 (MRP1), and ERCC1 protein expression in HepG2/
OXA cells compared with that in the parental cells was
determined by western blotting. ERCC1 wasoverexpressed
in HepG2/OXA cells in comparison with HepG2 cells.
The ratio of ERCC1 and B-actin grey intensity was 0.099
+ 0.014 and 0.396 + 0.040, respectively, in the HepG2
and HepG2/OXA cells; the difference was statistically
significant (P < 0.0001). However, the protein expression
levels of P-gp (0.788 + 0.085 vs 0.740 + 0.063, P = 0.367)
and MRP1 (0.374 + 0.060 vs 0.350 + 0.073, P = 0.468)
between the MDR phenotype cells and the parental cells
showed no significant difference. Data is shown in Table
3 and Fig. 2.

ERCCI was over-expressed in the HepG2/OXA cells.
The ratio difference of ERCC1 and B-actin grey intensity
in HepG2/OXA and HepG2 was significant (P < 0.0001).
However, there was no significant difference between
the P-gp and MRP1 protein expression levels in the MDR
phenotype cells and the parental cells.

Discussion

The effect of chemotherapy on the overall survival
of most HCC patients has been constantly controversial.
However, a randomized phase III trial (EACH) presented
in the 2010 ASCO meeting indicated that FOLFOX4
significantly improved the median progression-free
survival from 1.77 to 2.93 months (P=0.0002), and overall
survival from 4.90 to 6.47 months (P=0.00425). Response
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Fig. 2 ERCC1, P-gp, and MRP1 protein expression levels in HepG2/
OXA and HepG2 cells were assayed by western blot

Table 3 ERCC1, P-gp, and MRP1 protein expression levels in
HepG2/0OXA and HepG2 cells (mean + SD, n = 5)

Cell lines ERCC1 P-gp MRP1
HepG2 0.099 £ 0.013 0.740+£0.063  0.350 £ 0.073
HepG2/0XA 0.396 + 0.040**  0.788+0.085  0.374 £ 0.060
*P<0.01

rates (complete and partial responses), as calculated by
RECIST (Response Evaluation Criteria in Solid Tumors)
were 8.7% for FOLFOX4 and 2.7% for doxorubicin (P
= 0.0142). Disease control rates (complete and partial
responses and stable disease) were 53% for FOLFOX4 vs
32% for doxorubicin (P < 0.0001). It is the first survival
advantage report for HCC for any chemoregimen M.
Drug resistance is the main reason for the failure of
chemotherapy in the treatment of malignant tumors ™',
Undoubtedly, reducing or reversing the drug resistance
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may improve the benefits of chemotherapy and overall
survival. As OXA is one of the most useful drugs for the
treatment of malignant tumors including HCC, which
has a different mechanism of drug resistance than
CDDP 2], it is necessary to elucidate the mechanism of
OXA resistance.

Once malignant tumor cells gain resistance against one
drug, they may be resistant to other chemotherapy drugs
as well 3. In this study, an OXA-resistant hepatoma cell
line (HepG2/OXA) was established by discontinuously
exposing the cell line to high concentrations of OXA
for half a year. The results of the CCK8 assay showed
that the IC50 of the HepG2/OXA cells was 5.34 times
more than that of the HepG2 cells. The OXA-resistant
cells also developed cross-resistance to other anti-
tumor agents like 5-FU, ADM, and CDDP. The growth
rate of HepG2/OXA cells was lower than that of the
parental cells. This result is similar to that of a study on
a CDDP-resistant hepatoma cell line SK-Hep-1/CDDP,
which was established by Zhou er all!. As far as the
cell cycle distribution of the HepG2/OXA cell line was
concerned, there was a difference between HepG2/OXA
and SK-Hep-1/CDDP cell lines. There was a significantly
decreased percentage of HepG2/OXA cells in the S phase,
when compared to the case for HepG2 cells. Conversely,
the proportion of SK-Hep-1/CDDP cells in both the G2/M
and S phases increased significantly, when compared
with the parental cells. The reason for this dissimilarity
might be the difference between the drugs and cell lines.

The relative mechanism of the phenomenon of
multidrug resistance is considered to be related with
drug efflux pumps mediated by ATP-binding cassette
(ABC) transporters such as P-gp, MRPI1, and lung
resistant-related protein (LRP) . Inhibiting MDR
transporter function can reverse the MDR phenotype
and improve the sensitivity of chemotherapy 67 In
case of HCC, some MDR cell lines like HepG2/ADM 8
and SMMC7721/ADM ™ overexpressed the ABC protein,
compared to their parental cell lines. Nevertheless, in
our experiment, neither P-gp nor MRP1 expression
was significantly increased in HepG2/OXA cells, when
compared to the case for HepG2 cells. However, ERCCI,
one of the rate-limiting enzymes in NER, was observed
to be overexpressed in the MDR phenotype cells. This
demonstrated that there was another mechanism
for OXA resistance in HepG2/OXA cells, besides the
decrease of drug concentration in the cytoplasm due to
the overexpression of ABC .. It is well-known that more
than 85% of HCC cases are accompanied with cirrhosis
21, Increased DNA repair activity in cirrhosis with
inflammatory activity may reflect increased DNA damage
as a consequence of chronic liver injury ?2. Meanwhile,
ERCC1, which is involved in the early steps of the NER
process, is associated with liver fibrogenesis and cancer,
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and it could be related to the well-recognized resistance
of HCC to chemotherapeutics . In addition, increased
ERCC1 expression is associated with CDDP resistance
in HCC specimens and cell lines. Immunohistochemical
analysis for resected HCC tissues may be a useful predictor
for the effectiveness of adjuvant chemotherapy using
CDDP #%1, Therefore, ERCC1 overexpression plays an
extremely important role in HCC chemotherapeutic
drug resistance, especially for platinum resistance.

In summary, although a chemotherapeutic regimen
including OXA was proved to have survival benefits
for HCC, the need to establish drug resistance models,
especially for platinum resistance, is urgent, so as to
elucidate its mechanism and surmount drug resistance.
An OXA-resistant human hepatoma cell line, HepG2/
OXA, which was established by discontinuously exposing
the parental cell line, HepG2, to a high dose of OXA,
provided a stable cell model for the further study of
platinum resistant mechanisms and the reversal of clinical
HCC drug resistance.
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