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Oxidative stress reflects the status of imbalance between

production of reactive oxygen species (ROS) and the ability of

the system to cope with ROS. Nuclear factor E2-related factor 2

(Nrf2) plays a critical role in ROS defense through regulation of a

battery of genes coding antioxidant proteins and detoxification

enzymes by binding the antioxidant response element (ARE) and

initiating gene transcription. We studied the Nrf2-response

pathway and determined doses of prototype chemicals

(curcumin, hydrogen peroxide; H2O2) associated with sub-

threshold, adaptive and adverse oxidative cellular responses in

two cell types: immortalized keratinocytes (HaCat) and primary

neonatal keratinocytes (HEKn). Our goal is to determine the key

biomarkers in the pathway and identify regions of safety for

oxidative stressors. In HaCaT cells, markers of ROS and

adaptive antioxidant responses — Nrf2 protein accumulation,

ARE transactivation, and expression of antioxidant genes —

were induced by H2O2 and curcumin, but no significant oxidative

damage was observed in assays for protein oxidation, protein

nitration, or DNA oxidation (8-hydroxy-2’-deoxyguanine;).

However, both compounds induced strong increases in protein

nitration (5-fold over control) and carbonylation at non-cytotoxic

concentrations in the HEKn cells, indicating that HEKn cells are

more sensitive to oxidative damage than HaCaT cells, and may

therefore be the more conservative in vitro model for oxidative

stress response. In an effort to advance the transition to in vitro

toxicity testing described in the National Academies of Sciences

report, “Toxicity Testing in the 21st Century (TT21C): A Vision

and A Strategy” , these time- and dose-response data are being

used to support development of a computational model for

oxidative stress response and, ultimately, provide proof of

concept in vitro based safety assessments.

ABSTRACT

Curcumin and H2O2 induce Nrf2-

mediated antioxidant response in 

HaCaT cells

Curcumin and H2O2 induced ROS does not lead to protein or DNA 

damage in HaCaT cells

Protein and DNA damages are induced in HEKn cells 

in response to ROS

RESULTS

Comparison of HaCaT and HEKn cells 

for biomarkers in oxidative stress 

response pathways
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Curcumin and H2O2 can 

induce more DNA damage 

in HEKn than HaCaT cells

ROS is more cytotoxic in HEKn than 

HaCaT cells
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HaCaT is an immortal human keratinocyte line used in

scientific research. HaCaT cells are utilized for study of

differentiation and proliferation of keratinocytes; and used in In

Vitro Skin Sensitisation test according to OECD guideline.

HEKn is primary human epidermal keratinocytes isolated from

neonatal foreskin.

Curcumin, one of natural pigments, has anti-oxidation, anti-

inflammatory and anti-tumor functions.

Hydrogen peroxide (H2O2) is a strong oxidizer and one of

reactive oxygen species (ROS).

 Nrf2-mediated oxidative stress response

CONCLUSIONS

 Curcumin and H2O2 induced dose-dependent

ROS and Nrf2-mediated antioxidant response in

HaCaT cells.

 DNA and protein damage were not induced by

Curcumin and H2O2 in HaCaT cells.

 Curcumin and H2O2 induced protein oxidative

damage in HEKn cells.

 Curcumin and H2O2 induced more DNA

damage in HEKn than HaCaT cells.

 HEKn cells were more sensitive to oxidative

damage than HaCaT cells, and may be the more

conservative in vitro model for the assessment of

oxidative stressors.
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Curcumin and H2O2

induce ROS production in 

HaCaT cells

ARE transactivation NQO1 transcription

HaCaT cells are insensitive to oxidative damage

HEKn cells are more 

sensitive to DNA damage

INTRODUCTION

The study is supported by and performed in

collaboration with Unilever, INC
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Curcumin H2O2 Curcumin H2O2

ROS production  ↑(23)  ↑(20)

Nrf2 protein accumulation  ↑(57%)  ↑(30%)

Nrf2 transactivation

            - ARE-luciferase acitivity  ↑(11) – (1.1)

            - Nrf2 biniding activity  ↑(1.5)  ↑(2)  ↑(3)  ↑(2)

Nrf2-dependent gene

           - NQO1  ↑(9)  ↑(3.7)  ↑(4)  ↑(3.1)

           - TXN  ↑(2.2)  ↑(4.6)  ↑(3.7)  ↑(2.0)

           - GCLM  ↑(4.6) – (1.3)  ↑(3.1)  ↑(3.1)

           - AKR1C1  ↑(22) – (1.2) – –

           - HO1  ↑(2060) – (1.2)  ↑(300)  ↑(218)

GSH/GSSG ratio  ↓ –

Protein nitration – (1.1)  ↑(2)  ↑(5)  ↑(5)

Protein carbonylation – (1.2)  ↑(1.6)  ↑(1.5)  ↑(2)

8OHdG production – (1.3) – (1.2)  ↑(2.4)  ↑(3.1)
g-H2AX  ↑(1.5)  ↑(2.5)  ↑(2.5)  ↑(35)

INITIATION

ADAPTATION

CELLULAR DAMAGE

HaCaT HEKn


