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Introduction

 Oxaliplatin is  a third generation platinum 
chemotherapeutic which binds to DNA to form platinum-
DNA adducts that inhibit DNA synthesis and repair to 
confer cytotoxicity and anti-tumor activity. Compared 
to cisplatin, carboplatin, and other platinum compounds, 
oxaliplatin has broad anti-tumor activity and low toxicity; 

time, colorectal cancer cells may become resistant to 

tumor cell oxaliplatin resistance may offer data to reverse 

new clinical trials.

a cap’n’collar basic leucine zipper transcription factor, was 

response via regulation of a wide array of cytoprotective 
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However, dysfunction of this pathway leads to constitutive 
activation of Nrf2 and chemoresistance in many cancer 

of Nrf2 may contribute to the development of cancer 
cell resistance to chemotherapeutic drugs. Doxorubicin 

was accompanied by an elevation in Nrf2 activity, which 
restored sensitivity to doxorubicin after stable transfection 

Nrf2 also confers resistance to chemotherapeutic drug 

Nrf2 is a potential target for reversing tumor resistance 

with antioxidant, anti-inflammatory, cardiovascular 
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and enhancing the sensitivity of A549 cells to anti-cancer 

 Here, we established stable colorectal cancer 
oxaliplatin-resistant cell lines via long-term oxaliplatin 

lines developed multidrug resistance and that this was 
accompanied by an activation of the Nrf2 pathway. 
Luteolin inhibited the Nrf2 pathway in oxaliplatin-

oxaliplatin-resistant cell lines are appropriate models for 
investigating multidrug resistance and the underlying 
mechanism behind that resistance in colorectal cancer. 
Using this model, we could sensitize colorectal cancer 
cells to chemotherapeutic drugs via luteolin-modulated 
Nrf2 pathway inhibition.
 

Chemicals and reagents

 Luteolin, doxorubicin, and cisplatin were obtained 

antibody goat anti-rabbit polyclonal antibody was 

oxaliplatin-resistant cell lines 

2

Cytometry  
5

Cell viability assay

recovery, the cells were incubation in fresh culture medium 
containing oxaliplatin, cisplatin and doxorubicin alone or 

Animals

free conditions in Animal Center of Zhejiang University 

free access to water. All experimental procedures strictly 
complied with the approval of the Laboratory Animals 

the animals was monitored by measuring body weight. At 

the intestine were removed and cleaned with pro-cooled 

Western blot analysis 
 Preparation of cancer cells and intestinal cytosol were 

and the band density were analyzed by its imaging system 

and normalized to actin.

Statistical analysis

p

resistant cell line. 
 Our previously study indicated that pretreatment of 
colorectal cancer cells with oxaliplatin lead to multidrug 

study, we established the stable colorectal oxaliplatin 
resistant cell lines via long term exposed to oxaliplatin. 

s of oxaliplatin, cisplatin and 
doxorubicin were increased by 2 folds approximately 

that oxaliplatin-resistant cell lines were less sensitive to 
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 Oxaliplatin Cisplatin Doxorubicin

of oxaliplatin, cisplatin and doxorubicin were increased in the colorectal oxaliplatin 

p 

various chemotherapeutic agents and therefore developed 
a multidrug resistance.

Nrf2 activation in oxaliplatin-resistant colorectal cell lines

resistant cell lines, we measured proliferation via 
cytometry and observed that cell proliferation of 
oxaliplatin-resistant cell lines were lower than the parent 

other chemoresistant cell lines. We hypothesized that cell 
cycle modulation in oxaliplatin-resistant cell lines after 
long-term treatment with oxaliplatin may be affected 
and caused diminished cell proliferation as well as less 

Nrf2 pathway in oxaliplatin resistant cell lines increased 
obviously. Compare to the control, the level of Nrf2 were 

demonstrated that the Nrf2 pathway has been activated 
in the the oxaliplatin resistant cell lines.

oxaliplatin-resistant cell lines

 Previous we reported that luteolin inhibits the Nrf2 

attempt to investigate whether inhibition occurs in 

 of oxaliplatin, cisplatin and 
doxorubicin were increased in the colorectal oxaliplatin resistant 

p

A)
rate of the oxaliplatin resistant cell lines were lower than 
their parent cell lines. Cells were seeded in 6-well plates at 

4

pathway was activated in colorectal oxaliplatin resistant cell 
lines. Cell proteins were prepared as whole cell lysate protocol, 

of three replicates. Compare to the control, the level of Nrf2 

p 
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the same concentration gradient, Luteolin treatment also 

in oxaliplatin-resistant colorectal cells in a dose-dependent 
manner.

in vivo

in oxaliplatin-resistant colorectal cell lines and we 
investigated whether this inhibitory effect on the Nrf2 

days continuously. the small intestine were harvested 
and analyzed by Western blotting. luteolin could inhibits 
the expression of Nrf2 target genes in the small intestine 

oxaliplatin-resistant colorectal cancer cell lines

 Adaptive activation of Nrf2 has been reported to 

of oxaliplatin-resistant colorectal cell lines to therapeutic 
drugs via Nrf2 inhibition. We also measured luteolin 

s 
of luteolin were largely raised in oxaliplatin-resistant cell 
lines, which demonstrated that the colorectal oxaliplatin 
resistant cell lines also developed resistance to luteolin 

pathway and had low cytotoxicity in oxaliplatin-resistant 
cell lines, we investigated luteolin-induced sensitization 
to chemotherapeutics using luteolin in combination with 

s in 
the oxaliplatin, cisplatin and doxorubicin were decreased 

s of 
oxaliplatin, cisplatin and doxorubicin were decreased by 

and that luteolin could sensitize oxaliplatin-resistant 
colorectal cancer cell lines to therapeutic drugs.

Colorectal  cancer is  a common malignant 

in vivo  A). Luteolin inhibited the 
in vivo

immunoblots are typical of at least three replicates. . Luteolin 
reduced the level of glutathione in vivo. Cytosol from the small 

p

A)
cytotoxicity of luteolin to the colorectal oxaliplatin resistant 

 of 
luteolin were increased in the colorectal oxaliplatin-resistant 

 Luteolin 
sensitized the colorectal oxaliplatin-resistant cell lines to the 

were below 1,which indicated that there were synergistic effect. 

p 



2915

DOI:http://dx.doi.org/10.7314/APJCP.2014.15.6.2911

Luteolin Sensitizes Oxaliplatin-Resistant Colorectal Cancer Cells Via Inhibition of the Nrf2 Pathway

gastrointestinal tract cancer, and although oxaliplatin is 

colorectal cancer cells become resistant to oxaliplatin. 

resistance will enable us to better apply chemotherapy 

drug resistance in a strain of colorectal cancer cells with 

various chemotherapeutics and we observed multidrug 
resistance. 

Oxaliplatin resistance may occur through several 
mechanisms. For example, mutations in tumor cells during 
proliferation may confer resistance. Oxaliplatin can induce 
mutations that confer resistance to future treatment. Also, 

may occur such that cancer drugs are transported out of 
tumor cells, decreasing therapeutic concentrations and 

contribute to drug-resistance in digestive tract cancers. 

Nrf2 signaling pathway in vitro and in vivo

tumor treatment via inhibition of the Nrf2 pathway using 
small molecules to sensitize drug-resistant cancer cells 

APG and adriamycin can synergistically inhibit the growth 

We also demonstrated that luteolin was a potential 
Nrf2 inhibitor and enhanced sensitivity of A549 cells to 
chemotherapeutics by promoting degradation of Nrf2 

effects on the Nrf2 signaling pathway in different cell 
types if activated Nrf2 expression in PC12 and C6 neural 
cells and protected them from oxidative stress mediated 

can induce HO-1 expression in myocardial H9c2 cells and 

resistant cells and inhibited expression of Nrf2-targeted 
genes in small intestinal cells of wild type mice, but had 

with other chemotherapeutics had greater anti-cancer 

resistance by inhibiting Nrf2 expression and recovered 
its sensitivity to chemotherapeutics. Oxaliplatin-resistant 
cells used here are ideal for investigating mechanisms for 
drug-resistance in colorectal cancer, and future studies are 
warranted to investigate mechanisms of drug resistance in 
colorectal cancer and ideally its reversal in vivo.
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