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The effects of multidrug resistance on cell proliferation, apoptosis and invasion activity and the
expression of mitogen-activated protein kinase in human hepatocellular cancer cells
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[ABSTRACT]O Obijective: To establish multiple human hepatocellular carcinoma (HCC) multidrug-resistant
cell lines induced by chemotherapeutic drugs, and to investigate the effects of multidrug-resistance on
cell proliferation, apoptosis and invasion activity and the relationship between the multidrug-resistance
and the expression of mitogen-activated protein kinase (MAPK) pathway. Methods: Three different human
HCC cell strains HepG2, SMMC-7721 and BEL-7402 were established by using pulse treatment with high
concentration of adriamycin (ADM) or treatment with ADM of low concentration gradually increased.
The difference between the resistant cells and the parental cells was evaluated. The drug sensitivity
was tested by ATP bioluminescence to calculate the resistance index (RI). The expressions of multidrug
resistance-related genes including P-glycoprotein (P-gp), multidrug resistance-associated protein 1
(MRP1), lung cancer resistance protein 1 (LRP1), breast cancer resistance protein (BCRP), glutathione-S-
transferase-1r (GST-Tr), topoisomerase B (ToPo ) and protein kinase C (PKC) and their proteins were
detected by RT-PCR and immunohistochemistry (IHC), respectively. The expressions of cell proliferative
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activity-related Ki-67 and proliferating cell nuclear antigen (PCNA) were detected by IHC. The cell cycle
and apoptosis rate were detected by flow cytometry (FCM), and the change of cell invasion ability was
detected by Transwell assay. The expressions of ERK1, ERK2, ERK5, JNK1, JNK2 and p38a genes and their
proteins in MAPK pathway were detected by RT-PCR and Western boltting, respectively. Results: Six ADM-
resistant cell strains were established. Compared to parental cells, the RIs of all resistant cells were over
5 with increased resistance to multiple chemotherapeutic drugs. The expressions of MDR genes and
their proteins were increased 2-10 times, especially for the cells induced by pulse treatment with high
concentration of ADM. The expressions of Ki-67 and PCNA proteins were increased over 20 times in the
resistant cells. The cell cycles were arrested at phase S, and the invasive activities in vitro were increased
1.3-2.5 times. The apoptosis rates were decreased by over 60% after ADM intervention. The expressions
of MAPK pathway-related genes and proteins were increased in varying degrees, especially for ERK1 and
ERK2. Conclusion: ADM can induce the multidrug-resistance in multiple HCC cell strains and increase
the cell proliferation activity, alter the cell cycle distribution, strengthen the anti-apoptosis effect and
enhance the invasive ability of the HCC cells. The multidrug-resistance maybe associated with the up-
regulation of MAPK pathway.
[KEY WORDS]O Liver neoplasms; Multidrug resistance-associated proteins; Mitogen-activated protein kinases
[TUMOR, 2012, 32 (07): 507-515]

Hyclone
multidrug resistance MDR 1.2 Cell Invasion Assay Kit
Chemicon TRIzol Reagent
Invitrogen RevertAid™ First Strand
cDNA Synthesis Kit Fermentas
ECMatrix 550 Millipore
ApoSENSOR Cell Viability Assay Kit
Biovision Roche
mitogen-activated protein kinase BCA Pierce
MAPK Millipore
Ki-67 proliferating
MAPK cell nuclear antigen PCNA
1 multidrug resistance-associated protein 1
MRP1 P- P-glycoprotein  P-gp
adriamycin ADM lung cancer resistance protein LRP
-S- -1 glutathione-S-transferase-n[J

GST-n topoisomerase

MAPK ToPo

MAPK breast cancer resistance
protein BCRP C
protein kinase C PKC
ADM
1 epirubicin
EPI vincristine VCR
1.1 HepG2 mitomycin MMC
SMMC-7721  BEL-7402 cyclophosphamide CTX
HepG2 etoposide VP-16 methotrexate
DMEM/ SMMC-7721 MTX
BEL-7402 RPMI 1640 cisplatin cDDP
DMEM/ RPMI 1640 paclitaxel PTX 5-
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5-fluorouracil 5-FU 2
PCR Primer
Express 3.0 1 ApoSensor Cell
Viability Assay Kit
PCR 7500 ABI half
Prism Beckman Coulter inhibition concentration 1C,,
Quantity One 4.6.7 resistance index RI ATP
1.3 GloMax Multi
1.3.1 Promega D
HepG2 SMMC-7721  BEL-7402 420 nm 350 650 nm
250 mL 70%  80%
ADM 5 pg/mL ADM peak
2h concentration
70%  80% 5 ADM
ADM ATP 1C,,
0.4 0.5 pg/mL RI 1C,, / 1C,,
5% HepG2/
ADM-H SMMC-7721/ADM-H BEL-7402/ 1.5 MDR
ADM-H 1.5.1 RT-PCR MDR
1.3.2 HepG2 SMMC-7721
HepG2 SMMC-7721 BEL-7402 BEL-7402
250 mL 70%  80% 250 mL 70%  80%
ADM 0.01 pg /mL
12 h ADM 2 TRIzol
0.64 pg/mL ADMO0.2 0.3 RNA cDNA 20
ug/mL 5% uL 1 uL RNA 1 uL
HepG2/ADM-L RevertAid ™ M-MuLV Reverse Transcriptase 200
SMMC-7721/ADM-L. BEL-7402/ADM-L U/u.  PCR 25 uL
1.4 3 uL cDNA 0.4 uLL
1 PCR
Table1 Primer sequences for PCR
Gene Primer sequence Product length/bp
p-actin  NM_001101.3 5’-TGTCCACCTTCCAGCAGATGT-3" 5’-AAGTCATAGTCCGCCTAGAAGCA-3’ 97
P-gp AF016535.1 5’-AGCAGAGGATCGCCATTGC-3" 5’-CTGAACCACTGCTTCGCTTTC-3’ 105
MRP1 AB208970.1 5’-CATTGGTGTGGTGAGTCAGGAA-3" 5’ -TCTCAATCTCATCCATGGTGACA-3’ 98
LRP1 NM_017458.2 5’-ACTGGCACTTTGAGGTGAATGAC-3" 5’ -GATGGCTTTGCAGGCATCA-3 95
BCRP AF098951.2 5’-AAGCAGGGACGAACAATCATCT-3" 5’-CCAATAAGGTGAGGCTATCAAACA-3’ 82
PKC NM_002737.2 5’-CCCAAACATTGACAAATCCTAACC-3* 5’-CAACCAAGGAGGGTACCAGATG-3’ 111
GST-n NM_000852.3 5’-CAGGGAGGCAAGACCTTCATT-3" 5’ -GGGCTAGGACCTCATGGATCA-3’ 91
Topo B NM_001068.2 5’-GAAACGGAATCCTTGGTCAGAT-3" 5 -TTTCGGCTGCTGCTCTCCTA-3" 110
p38a NM_139012.2 5’-AGATGAGTGGAAAAGCCTGACCTA-3" 5 -AGGACTCCATCTCTTCTTGGTCAA-3’ 80
JNK1 1L26318.1 5’-GCAGGAACGAGTTTTATGATGAC-3" 5’ -GTAGCCCATGCCAAGGATGA-3’ 81
JNK2 NM_139068.2 5’-CTCTGCGTCACCCATACATCA-3" 5 -CCAACTGGGCATCATAAATTTG-3’ 94
ERK1 NM_002746.2 5’-GCTGGACCGGATGTTAACCTT-3> 5’ -TCATCCGTCGGGTCATAGTACTG-3’ 99
ERK2 NM_002745.4 5’-TATTTGTTCCTGCCACTGTGTACT-3" 5’-AGGCAAATTTCTCACCACAGA-3’ 105
ERK5 NM_139033.2 5’-CTGGCTACGGTGTTGGCTTT-3" 5’ -AATCTGCCTGGCCATCCT-3" 93

P-gp: P-glycoprotein; MRP1: Multidrug resistance-associated protein 1; LRP1: Lung cancer resistance protein 1; BCRP: Breast

cancer resistance protein; PKC: Protein kinase C; GST-xn: Glutathione-S-transferase-n; ToPo B: Topoisomerase ; JNK: C-Jun

N-terminal kinase; ERK: Extracellular signal-regulated kinase.
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P 0.05
2
2.1 RI
ADM RI

HepG2/ADM-H  19.21 HepG2/ADM-L

15.32 SMMC-7721/ADM-H 21.46
SMMC-7721/ADM-L 9.51 BEL-7402/
ADM-H 26.12 BEL-7402/ADM-L  11.95
6 RI 5 .

RI 15
2 2
2 RI
2 VCR CTX EPI
2.2 MDR mRNA RT-PCR
MDR Pgp

MRP1 LRP1 BCRP GST-n Topo B
PKC

t 2447 P 0.05
MRP1 BCRP PKC 1 3
2.3 MDR

P-gp

MDR



511

2
Table2 Comparison of sensitivities to different chemotherapeutic drugs between human hepatocellular carcinoma (HCC)
parental cells and the resistant cells
[1=6, X = 5, pa/(ng-L "]

ICso ICso ICso
P9 epc2 HepGor, R smmc-7721 stme- 7721 R geL-7402 BEL n402/ R
EPl 121.0+12.0 1430.0+63.0 11.82 79.4+6.8  1020.0+98.0 12.85 103.0+9.5 1140.0+98.0 11.07
VCR 52402  122.0+9.4 2342  0.220.0 40203 2010  2.020.1 35.6+3.1  17.98
CTX  383.0+11.0 4 620.0422.0 12.06 221.0+22.0  3120.0+310.0 14.12 179.014.0 3 210.02310.0 17.93
VP-16  21.9+0.4  82.5+12.0 3.77  6.00.4 86.446.6  14.33 19.71.5 91.5+7.9  4.64
MMC  70.4+8.1  383.0+39.0 5.44 50.224.8 313.042.8 624 58.6+53  236.0+21.0 4.03
cDDP  2.840.3  27.8+2.9 9.82  1.0%0.1 12111 1163 2.020.1 28.6+2.5 14.52
PTX 3.220.3 6.1+0.8 1.90  2.0%0.1 51404 252 3.920.3 10.740.9  2.75
S-FU  60.1£6.5  448.0+39.0 7.45 39.7%3.8 338.0+3.1 851 53.7+50 815063 15.18
MTX  312.0£20.0 944.0+32.0 3.03 258.0221.0 647.045.6  2.51 248.0.21.0 535.0+4.7  2.16

ICso: Half inhibition concentration; RI: Resistance index; EPI: Epirubicin; VCR: Vincristine; CTX: Cyclophosphamide; VP-16:
Etoposide; MMC: Mitomycin; cDDP: Cisplatin; PTX: Paclitaxel: 5-FU: 5-Fluorouracil; MTX: Methotrexate.

3 ADM mRNA
Table 3 Comparison of mRNA expressions of resistance-related genes between human HCC parental cells and the resistant
cells
(n=6,x=x59)
Cell strain P-gp MRP1 LRP1 BCRP GST-n Topo B PKC
HepG2 0.12740.007 0.2320.014 0.26220.010 0.10520.010 0.31720.008 0.2530.010 0.265+0.018
HepG2/ADM-H 0.952+0.061 0.552+0.035 0.443=+0.029 0.477=+0.021 0.368+0.011 0.836+0.024 0.282+0.014
HepG2/ADM-L 0.864+0.047 0.473%0.026 0.368=%0.015 0.461=20.018 0.354=%0.010 0.769=+0.020 0.278=+0.022
SMMC-7721 0.102%+0.007 0.130=%0.011 0.259=%0.006 0.197=%0.008 0.154=+0.013 0.158+0.006 0.240+0.014
SMMC-7721/ADM-H 0.70820.016 0.38320.034 0.29520.014 0.34620.007 0.20120.012 0.67720.021 0.284:0.007
SMMC-7721/ADM-L 0.599+0.014 0.209+0.016 0.296=%0.012 0.435+0.019 0.197%0.011 0.584=%0.014 0.266+0.013
BEL-7402 0.10820.008 0.15720.013 0.2862:0.009 0.2062:0.016 0.1732:0.005 0.20520.007 0.22320.017
BEL-7402/ADM-H 0.821%0.020 0.417=%0.027 0.425=%0.016 0.386=%0.013 0.234+0.010 0.773+0.018 0.258+0.014
BEL-7402/ADM-L 0.665+0.012 0.289=+0.020 0.416=+0.018 0.365=%0.011 0.236=%0.011 0.681+0.022 0.244+0.022
P-gp 1A MRP1 BCRP 2.6 Annexin  -FITC/
LRP1 PI
GST-n Topo B HepG2 SMMC-7721  BEL-7402
PKC ADM
15% 40%
t 2447 P 0.05 80%
1 4 40%
2.4
HepG2 PCNA  Ki-67
1A 3 3
PCNA  Ki-67 t 2447 P 0.05 2 HepG2
10
t 2447 P 0.05 1B 2.7 Transwell
2.5 FCM
1.4 2.6 HepG2/
S G/G, G/M ADM-H
PI t 2447 P 0.05
t 2447 P 0.05 5 r 0.98 6
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Fig.1 The expressions of P-gp protein, Ki-67 and proliferating cell nuclear antigen (PCNA) proteins in HCC parental
HepG2 cells and the resistant cells (HepG2/ADM-H and HepG2/ADM-H cells) were detected by immunohistochemistry
(Fig. 1A: DAB staining). Fig. 1B showed the corresponding histograms of the results of immunohistochemistry.
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Table 4 Comparison of the expression levels of resistance-related proteins between human HCC parental cells and the

resistant cells

[Absorbance (D) value, n=6, X * s]

Cell strain P-gp MRP1 LRP1 BCRP GST-n Topo B PKC

HepG2 1.23+0.06 1.46+0.07 1.89+0.12 1.34+0.11 1.14%x0.13 1.45=+0.18 1.25+0.19
HepG2/ADM-H 13.26+0.61 12.07+0.31 2.34+0.21 3.85+0.14 2.82+0.18 4.04+0.43 13.45=+0.34
HepG2/ADM-L 12.37+0.42 9.82+0.24 2.11=x0.19 3.22+0.13 2.55+0.16 3.86+0.38 11.85+0.28
SMMC-7721 1.16+0.12 1.394+0.09 1.76=+0.15 1.12+0.08 1.88+0.14 1.62=+0.17 1.38+0.17
SMMC-7721/ADM-H 10.62=+=0.24 8.93+0.32 2.45+0.23 2.98+0.09 2.67%0.19 4.26=%+0.32 14.72+0.53
SMMC-7721/ADM-L 9.83+0.31 8.77x0.34 2.27x0.18 3.01x=0.14 2.45%0.18 3.96+0.28 14.35+0.49
BEL-7402 1.08+0.07 1.27+0.09 1.52=+0.21 1.26+0.13 1.76=%+0.12 1.83=%0.21 1.59+0.09
BEL-7402/ADM-H 12.36+0.32 12.88+0.23 2.03+0.19 3.56+=0.11 2.96+0.21 4.56+0.41 14.23+0.54
BEL-7402/ADM-L 10.76+=0.24 8.572+0.19 1.95=+0.22 3.29+0.17 2.85+0.19 3.79+0.38 13.82=+0.46

5 ADM

Table 5 Comparison of cell cycle distribution induced by ADM between human HCC parental cells and the resistant cells

(n=6, X = s, %)

Cell strain ac Cellgycle m Proliferation index
HepG2 64.95+2.87 14.5140.47 20.54+0.96 35.05
HepG2/ADM-H 55.314+2.94 23.77+1.63 21.92+2.14 45.69
HepG2/ADM-L 59.14+3.06 26.36+1.82 14.50+1.58 40.86
SMMC-7721 55.73+2.53 27.04+1.37 18.23+1.95 45.27
SMMC-7721/ADM-H 36.37%+2.37 41.58+1.52 22.05+1.27 63.63
SMMC-7721/ADM-L 40.51+2.78 39.21+2.19 20.28=+1.46 59.49
BEL-7402 59.26+2.64 22.47%1.26 18.27%+1.63 40.74
BEL-7402/ADM-H 48.12+2.36 31.63%1.41 20.2542.25 51.88
BEL-7402/ADM-L 52.83+2.49 29.58+2.01 17.61%1.16 47.17
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Fig.2 The apoptosis and surviving rates of human HCC parental cells and the resistant cells were detected by flow

cytometry (FCM). P<0.05, vs the parental cells.
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Table 6 Comparison of the invasion index (number of
the cells infiltrating the basement membrane) between
human HCC parental cells and the resistant cells

(n=6, X £ 5)

Cell strain Direct method Indirect method
HepG2/ADM-H 2.50=%0.16 2.61=x0.31
HepG2/ADM-L 1.88+0.13 1.98+0.26
SMMC-7721/ADM-H 1.82+0.12 2.01+0.28
SMMC-7721/ADM-L 1.36+0.11 1.55+0.23
BEL-7402/ADM-H 1.93+0.15 1.85+0.24
BEL-7402/ADM-L 1.57+0.12 1.54+0.21

7 ADM MAPK

2.8 MAPK RFQ-PCR
3 ADM
MAPK p38a JNK1 JNK2 ERK1
ERK2 ERKS5
t 3.182
P 0.05 7
3 ADM
ERK1 ERK2
t 3.182 P 0.05
3
mRNA

Table 7 Comparison of the relative expression levels of mitogen-activated protein kinase (MAPK) pathway-related genes
between human HCC parental cell lines and the resistant cell lines

(n=3,Xx £ 5)

Cell strain

ERK1 ERK2 ERKS JNK1 JNK?2 p38a
HepG2/ADM-H 3.13+0.04 35.03+0.38 4.29+0.05 1.37+0.01 128.10+1.56 32.67+0.36
HepG2/ADM-L 40.03+0.16 71.47+0.52 48.20+0.42 8.31+0.09 604.31x6.14 138.57+1.52
SMMC-7721/ADM-H 1.36+0.01 8.29+0.04 25.47+0.23 1.29+0.02 103.21%1.21 4.95+0.05
SMMC-7721/ADM-L 2.64+0.02 17.28+0.10 5.73+0.06 15.61+0.16 419.46+4.65 46.56+0.53
BEL-7402/ADM-H 4.28+0.04 34.91+0.18 38.31x0.16 11.43+0.13 190.20+2.03 37.16%x0.39
BEL-7402/ADM-L 1.90=+0.00 18.60+0.11 36.23+0.14 2.34+0.03 258.60+2.67 17.21+0.21
HepG2/  HepG2/ SMMC- SMMC-7721/ SMMC-7721/  BEL- BEL-7402/ BEL-7402/
HepG2 ADM-H ADM-L 7721 ADM-H ADM-L 7402 ADM-H ADM-L 410 (x10%)

ERKT e ol S T S e

ERK2 —

Fig.3 The expressions of ERK1 and ERK2 proteins in HCC parental HepG2, SMCC7721 and BEL-7402 cells and their
resistant cells (HepG2/ADM-H, HepG2/ADM-L, SMCC7721/ADM-H, SMCC7721/ADM-L, BEL-7402/ADM-H and

BEL-7402/ADM-L cells) were detected by Western blotting.

3 ADM

ERK1 ERK2

RI
RI 15
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