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Sensitization to Doxorubicin by Inhibition of the Nrf2-Antioxidant System

Jeong-Min Cho, Hyun-Min Park and Mi-Kyoung Kwak”
College of Pharmacy, Yeungnam University, 214-1 Dae-dong, Gyeongsan-si, Gyeongsangbuk-do 712-749, Korea

Abstract — The use of doxorubicin, which is one of the most effective anticancer agents, is often limited by occurrence
of acquired resistance in tumor cells. GSH has been shown to be involved in the development of this drug resistance. Tran-
scription factor Nrf2 governs the expression of GSH synthesizing glutamylcysteine ligase (GCL), as well as multiple phase
2 detoxifying enzymes. Here we show that Nrf2 is one of factors determining doxorubicin sensitivity. N7f2-deficient fibro-
blasts (murine embryonic fibroblasts, MEF) were more susceptible to doxorubicin-mediated cell death than wild-type cells.
Doxorubicin treatment elevated levels of Nrf2-regulated genes including NAD(P)H: quinone oxidoreductase (Ngol) and
GCL in wild-type fibroblasts, while no induction was observed in 77f2-deficient cells. Doxorubicin resistance in human ova-
rian SK-OV cells was reversed by treatment with L-buthionine-sulfoxamine (BSO), which is depleting intracellular GSH.
Finally, transfection of SK-OV cells with Nrf2 siRNA resulted in exacerbated cytotoxicity following doxorubicin treatment
compared to scrambled RNA control. These results indicate that the Nrf2 pathway, which plays a protective role in normal
cells, can be a potential target to control cancer cell resistance to anticancer agents.
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cDNAE ©]| &3t PCREAS T3t PCRE 30s-95°C,
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o 2% 72+ primerSS Integrated DNA TechnologyAt
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5-ATGATGCCAACGAGTCTGAC-3', 5-CGCCTTTGCAGAT-
GTCTTTC-3; modifier subunit of mouse GCL(GCLM), 5-
AGGAGCTTCGGGACTGTATT-3, 5-TGGGCTTCAATGT-
CAGGGAT-3'; mouse glutathione reductase(GR), 5-GGCAT-
GATAAGGTACTGAGA-3', 5-TTCGTCTACTAGGATGTGGC-
3, mouse Ngol, 5-ATCCTTCCGAGTCATCTCTA-3, 5-
CAACGAATCTTGAATGGAGG-3; mouse beta-actin, 5-GCA-
GAAGGAGATTACTGCTC-3, 5-CTAGAAGCACTTGCGGT-
GCA-3; human Nqol, 5-GATATTGTGGCTGAACAA-3, 5'-
TGCTATATGTCAGTTGAG-3"; human GCLC, 5-AGACAT-
TGATTGTCGCTG-3, 5-TGGTCAGACTCATTAGCA-3. Visi
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Fig. 1 - Cell survival measured in wild-type and nrf2-disrupted cells following treatment with BSO and doxorubicin. (A) MEF cells from wild-
type (WT) and nzf2-disrupted (NO) mice were maintained in medium containing 10% FBS for 24 h. and followed by incubation with
doxorubicin (0.5, 1, 2, and 4 pM) for 24 h. Cell survival was monitored by MTT analysis. Values are mean=+SD from 8 measurements.
(B) Wild-type (WT) and nyf2-disrupted cells (NO) were pretreated with 0.5 mM of BSO for 12 h and followed by incubation with
doxorubicin. (Doxo, 1.0 uM) for 24 h. Surviving cell numbers were measured by MTT analysis. Values are mean=SD from 8
measurements. *, P<0.05 compared with doxorubicin only group.
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Fig. 2 — Doxorubicin treatment elevated the expression of Nrf2-
regulated genes.in wild-type cells. (A) MEF cells from
wild-type (WT) and m#f2-disrupted (NO) mice were
incubated with vehicle or doxorubicin (Doxo. 0.5 and
1.0uM) for 24h. Transcript levels for Ngol, GCLC,
GCLM, and beta-actin were monitored by RT-PCR
analysis.
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Fig. 3 — Resistance of human ovarian cancer SK-OV cells to
doxorubicin is associated with cellular levels of GSH. SK-
OV cancer cells were pretreated with vehicle or BSO
(0.5 mM) for 16 h and then incubated with doxorubicin (20
and 40 uM) for 24 h. Surviving cell numbers were
determined by MTT assay. Values are mean=SD from 8
measurements. *, P<0.05 compared with doxorubicin only

group.
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Fig. 4 - SK-OV cells can be sensitized to doxorubicin by trans-
fection of Nrf2 siRNA. (A) SK-OV cells were transfected
with scrambled siRNA (sSRNA) or Nrf2 siRNA(siNri2) for
72 or 96 h and total RNAs were extracted. Transcript levels
for Naol, GCLC, and beta-actin were measured by using
RT-PCR analysis. (B) SK-OV cells were transfected with
scrambled siRNA (sRNA) or Nrf2 siRNA(sINrf2) for 96 h
and stabilized for 12 h. Cells were incubated with vehicle or
doxorubicin (2.5, 5.0, 20, 40, and 80 pM) for 24 h. The
number of surviving cells was measured by MTT assay.
Values are mean+SD from 8 measurements.
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NAD(P)H:quinine oxidoreductase 1, Nqgol; GCL, glutamate
cysteine ligase catalytic subunit; GCLC; glutamate cysteine
ligase modifier subunit, GCLM; L-buthionine-sulfoxamine, BSO;
5',5-dithiobis(2-nitrobenzoic acid), DTNB; 3-(4,5-Dimethylthiazol-
2-yD)-2,5-diphenyltetrazolium bromide, MTT; Antioxidant
Response Element, ARE; Multi-drug Resistance Proteins,
MRP
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