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Abstract : The aim of this study was to investigate the role of electroporation in the
treatment of carcinoma expressing multidrug resistance gene 1 (MDR1). The cells stably
expressing MDR1 gene (BNL/MDR1-Bulk) and the clone expressing the MDR1 gene at
the highest level (BNL/MDR1-Clone) were established by transducing human MDRI1
gene into the mouse hepatocellular carcinoma (HCC) cell line, BNLIME.7R.1. The
expressions of P-glycoprotein on the cell surface of the established HCC cells,
BNL/MDR1-Bulk and BNL/MDR1-Clone, were determined by fluorescence-activated cell
sorter (FACS) with the monoclonal antibody MRKI16, specific against human
P-glycoprotein. BNL/MDR1-Bulk expressed P—glycoprotein on the cell surface at various
levels, and BNL/MDR1-Clone expressed it at the highest level. In vitro, BNL/MDR1-Bulk
and BNL/MDRI1-Clone exhibited approximately 8-fold and 10-fold higher resistance
against adriamycin, respectively, 4-fold and 10-fold higher resistance against vinblastin,
respectively, and 2-fold and 5-fold higher resistance against mitomycin C, respectively.
When these cells were exposed to adriamycin  with electroporation in vitro, the
chemosensitivities against adriamycin were increased, reaching the level of the parental
cells (BNL/Wild). In the mouse models of subcutaneous tumors produced by inoculation
of these cells, electroporation alone or injection of adriamycin at 1/10 of the 50% lethal
dosage could not inhibit the growth of the tumor. However, electrochemotherapy
consisting of adriamycin injection with electroporation did inhibit tumor growth not
only in mice inoculated with the parental HCC cells or BNL/Wild cells, but also in
P—glycoprotein presenting mice inoculated with BNL/MDR1-Bulk or BNL/MDRI1-Clone.
These results indicated that electrochemotherapy has the potential to overcome the tumor
resistance related to MDR function in hepatoma cells.
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Fig. 1. Linear representation of retroviral vector pHIRMDR1. LTR : long terminal repeats of retrovirus. MDR1 :
multidrug resistance gene 1. IRES : internal ribosome entry site. neo : neomycin resistance gene.
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Fig. 2. Expression patterns of P—glycoprotein on the sell surface of HCC cells, parental HCC cells (BNL/Wild) (A),

bulk of HCC cells transduced with human MDR1 gene (BNL/MDR1-Bulk)®B) and clone of HCC cells express-
ing P-glycoprotein at the highest level (BNL/MDR1-Clone)(C). The expression levels were analyzed by
fluorescence—activated cell sorter (FACS) detected by indirect immunostaining using anti-human
P-glycoprotein monoclonal antibody.
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Fig. 3. Resistance of HCC cells by transducing MDR1 gene against anticancer agents, adriamycin (ADM) (A), vin-
blastin (VLB) B), and mitomycin C (MMC)(C). Parental HCC cells (BNL/Wild)( @ ), bulk of HCC cells tarns-
duced with human MDR1 gene (BNL/MDR1-Bulk)( A ) and clone of HCC cells expressing P-glycoprotein at
the highest level (BNL/MDR1-Clone)( Bl ) were cultured with various concentrations of ADM, VLB or
MMC. After a 4-days incubation, cell survival ratios were determined by MTT assay, Statistical analysis
was performed by two-way ANOVA followed by Fisher’s PLSD. Each data point represents the mean =+
SD for duplicate experiments.

*.p < 0.0001, *; 0.0001 = p < 0.001.
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Fig. 4. Chemosensitivity of HCC cells against adriamycin with or without electroporation. Parental HCC cells
(BNL/Wild)(A), bulk of HCC cells tarnsduced with human MDR1 gene (BNL/MDR1-Bulk)®) and clone of
HCC cells expressing P—glycoprotein at the highest level (BNL/MDR1-Clone)(C) were cultured with vari-
ous concentrations of adriamycin with (closed shape : @ , A and l) or without(open shape : O, A and [])
electroporation. After a 4-days incubation, cell survival ratios were determined by MTT assay, Sensitiv-
ity against adriamycin of each group of cells accompanied by electroporation were summarized (D). Statis-
tical analysis was performed by two-way ANOVA followed by Fisher’s PLSD. Each data point represents

the mean =+ SD for duplicate experiments.
*;p <0.0001, **; 0.0001 = p < 0.001.
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Fig. 5. Intracellular amounts of adriamycin in HCC cells with or without electroporation. Parental HCC cells
(BNL/Wild)(A), bulk of HCC cells transduced with human MDR1 gene (BNL/MDR1-Bulk) and clone of
HCC cells expressing P-glycoprotein at the highest level (BNL/MDR1-Clone) were exposed to adriamy-
cin (1g/ml) for 30 minutes and treated with or without electroporation. Intracellular amounts of adriamy-
cin were determined with high performance liquid chromatography (HPLC). The closed bars represent the
amount in cells treated with electroporation and the open bars represent the amount in cells without elec-
troportion. Statistical analysis was performed by Student’s— test. Each data point represents the mean =+

SD for duplicate experiments.
*.p < 0.0001, **; 0.0001 = p < 0.001.
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Fig. 6. Antitumor effects of electrochemotherapy with adriamycin followed by electroporation on subcutaneous
tumor of HCC expressing P-glycoprotein in mice. Parental HCC cells (BNL/Wild) and bulk of HCC cells
transduced with human MDR1 gene (BNL/MDR1-Bulk) were inoculated subcutaneously into the flank re-
gions of syngeneic BALB/c mice. When subcutaneous tumors reached approximately 8 mm in diameter,
animals received injection of PBS alone (4 and <), electroporation alone (Il and []), injection of adriamy-
cin alone ( A and A ), or injection of adriamycin followed by electroporation (@ and O ) on Day 0. Each
group consisted of 8 mice. Closed shapes represent BNL/Wild (A) and the open shapes represent
BNL/MDRI1-Bulk (B). Statistical analysis was performed by two-way ANOVA followed by Fisher’s
PLSD. Each data point represents the mean *+ SD for duplicate experiments. (Data were not shown after
any animals died in the comparative group.) *; p < 0.0001, **; 0.0001 < p < 0.001.
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HEnY, —HFTREYTAD LD, 1/10 BIZHYT 5
ADM O¥ 5D A CHARLTEEDEFZEON Lo
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9 % electrochemotherapy # B 2o 72k ZAHFEIE
BEREFILEL L7z, o & FH#RIC electroporation &
W2 & Y EELRIE - Lz BEb s,
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Bholel b, E-5EREFITEMBEAD
ADM EDHENTH o7 EZ D,

Z 1F TIZ electrochemotherapy 2SERGH ST &
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D A WRBERE R EEEANOEND» S DT 70— F 55
MENTBY, ZOFEICL)SEOERE FFICSE
BEFAOEEINE~FATAZ LIRS THLILH
5, electrochemotherapy D FHGERD —D D&
P 2T REES D 5.
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&
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2) ADM F7E T IZ electroporation % &9 5 in vitro
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