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Oxidative Stress Mediates Chemical Hypoxia-
Induced Injury and Inflammation by Activating
NF-«b-COX-2 Pathway in HaCaT Cells

Chuntao Yang, Hongzhong Ling', Meifen Zhang?, Zhanli Yang, Xiuyu Wang, Fanqin Zeng®,

Chuhuai Wang®*, and Jiangiang Feng*

Hypoxia of skin is an important physiopathological proc-
ess in many diseases, such as pressure ulcer, diabetic
ulcer, and varicose ulcer. Although cellular injury and in-
flammation have been involved in hypoxia-induced der-
matic injury, the underlying mechanisms remain largely
unknown. This study was conducted to investigate the
effects of cobalt chloride (CoCl,), a hypoxia-mimicking
agent, on human skin keratinocytes (HaCaT cells) and to
explore the possible molecular mechanisms. Exposure of
HaCaT cells to CoCl, reduced cell viability and caused
overproduction of reactive oxygen species (ROS) and
oversecretion of interleukin-6 (IL-6) and interleukin-8 (IL-8).
Importantly, CoCl, exposure elicited overexpression of
cyclooxygenase-2 (COX-2) and phosphorylation of nuclear
factor-kappa B (NF-xB) p65 subunit. Inhibition of COX-2 by
NS-398, a selective inhibitor of COX-2, significantly re-
pressed the cytotoxicity, as well as secretion of IL-6 and
IL-8 induced by CoCl. Inhibition of NF-xB by PDTC (a se-
lective inhibitor of NF-xB) or genetic silencing of p65 by
RNAi (Si-p65), attenuated not only the cytotoxicity and
secretion of IL-6 and IL-8, but also overexpression of COX-
2 in CoCl-treated HaCaT cells. Neutralizing anti-IL-6 or
anti-IL-8 antibody statistically alleviated CoCl-induced
cytotoxicity in HaCaT cells. N-acetyl-L-cysteine (NAC), a
well characterized ROS scavenger, obviously suppressed
CoCly-induced cytotoxicity in HaCaT cells, as well as se-
cretion of IL-6 and IL-8. Additionally, NAC also repressed
overexpression of COX-2 and phosphorylation of NF-kB
p65 subunit induced by CoCl, in HaCaT cells. In conclu-
sion, our results demonstrated that oxidative stress medi-
ates chemical hypoxia-induced injury and inflammatory
response through activation of NF-kB—-COX-2 pathway in
HaCaT cells.

INTRODUCTION

Hypoxic injury of skin is one of common clinical events, such as
pressure ulcer, diabetic ulcer, and varicose ulcer (Barcelos et
al., 2009; Lazarides and Giannoukas, 2007; Mustoe et al.,
2006). Previous studies showed that hypoxic injury of skin was
intimately associated with oxidative stress and inflammatory
responses (Houwing et al., 2000; Peirce et al., 2001). Mounting
evidence suggested that cyclooxygenase-2 (COX-2) and its
product prostaglandin E, (PGE;) played a pivotal role in in-
flammatory response (Birnbaum et al., 2005; Chi and Kim,
2005). The roles of COX-2 overexpression are complicated and
ambivalent in different models, mediating either cytotoxicity or
cytoprotection (Booth et al., 2008; Carnieto et al., 2009; Ito et
al., 2003; Kwak et al., 2010; Oh et al., 2010; Tu et al., 2009;
Yun et al., 2009). Some studies indicated that inhibition of
COX-2 activation attenuated ischemic neuronal injury, charac-
terized by a decrease in cerebral infarction and CA1 hippo-
campal neuron death (Dore et al., 2003; Nakayama et al.,
1998), while other reports showed that during cardiotoxicity
induced by ischemia-reperfusion (I/R), up-regulation of COX-2
expression obviously possessed protective effects (Booth et al.,
2008; Kwak et al., 2010). However, the role of COX-2 in hy-
poxic injury of skin remains unknown.

COX-2 induction is mainly due to activation of a transcrip-
tional factor, nuclear factor-kappa B (NF-kB). NF-kB family is
composed of five proteins: Rel A (p65), Rel B, c-Rel, NF-xB1
(p50), and NF-kB2 (p52), each of which may form homo- or
heterodimers. NF-xB signaling pathway plays potent roles in
general inflammatory response and cell death. In quiescent
cells, NF-xB in cytosol is bound to its inhibitory molecule, IkBo
protein. Upon stimulation, IkBa is phosphorylated by the up-
stream kinase, IxB kinase (IKK), which induces the polyubiquit-
ination and degradation of kB by proteases, subsequently
leading to the phosphorylation and translocation of NF-kB
complex into the nucleus (Chen et al., 1999). Activated NF-xB
binds to specific DNA sequences and regulates the expression
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of its target genes. Reactive oxygen species (ROS) are impor-
tant triggers to induce NF-xB activation in many in vivo and in
vitro experiments, and antioxidants are consequently used to
suppress NF-kB activation effectively (Huang et al., 2001;
Pieper et al., 2001; Shrivastava and Aggarwal, 1999).

Numerous studies have demonstrated that cobalt chloride
(CoCly), as a chemical hypoxia agent, can mimic the hypoxic/
ischemic condition and induce the generation of ROS and cyto-
toxicity (Chen et al., 2010; Jung and Kim, 2004; Jung et al.,
2007; Zou et al., 2001). Accumulating evidence showed that
CoCl, exposure induced inflammatory response, characterized
by enhanced secretion of interleukin-6 (IL-6) and interleukin-8
(IL-8) in endotheliocyte and astrocytes (Kim et al., 2006; Monto-
poli et al., 2007; Schmalz et al., 2000). Keratinocytes, which
represent the major component of skin, function as a protective
barrier against exogenous insults. Upon activated by stimuli,
keratinocytes produce a variety of cytokines that can affect the
immune response and cell growth. Hence, keratinocytes are
widely used to establish models of skin injury (Eidsmo et al.,
2007).

To date, although oxidative stress and inflammatory re-
sponse have been implicated in hypoxia-stimulated insults, the
roles of both and the underlying mechanisms in chemical hy-
poxia-induced dermatic injury remain largely unknown. We
therefore tested the hypothesis that NF-xB-COX-2 pathway
mediated CoCl-induced injury and inflammation and roles of
the NF-kB-COX-2 pathway in CoCl,-induced injuries was ROS-
dependent.

MATERIALS AND METHODS

Materials

CoCl,, N-acetyl-L-cysteine (NAC), NS-398 (a selective inhibitor
of COX-2), PDTC (a selective inhibitor of NF-xB) and 2',7'-
dichlorfluorescein-diacetate (DCFH-DA) were purchased from
Sigma-Aldrich Corporation (USA). Cell Counter Kit-8 (CCK-8)
was bought from Dojindo Laboratory (Japan). Dulbecco’s modi-
fied Eagle’s medium F12 (DMEM-F12 medium) and fetal bo-
vine serum (FBS) were supplied by Gibco BRL (USA).

Cell culture

HaCaT cell, an immortalized keratinocyte, is derived from spon-
taneous transformation of human adult keratinocyte. It was
generously provided by Professor Zeng (Department of Derma-
tology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University,
People’s Republic of China) and maintained in DMEM-F12
medium supplemented with 10% FBS at 37°C under an at-
mosphere of 5% CO, and 95% air.

Gene knockdown
Small interfering RNA (Si-RNA) against human NF-xB p65
subunit MRNA (GenBank accession no. L19067.1) was syn-

thesized by GenePharma Co., Ltd (People’s Republic of China).

The Si-RNA of p65 (Si-p65) and random non-coding RNA (Si-
NC) were transfected into HaCaT cells using Lipofectamine
2000, according to the manufacturer's instruction (Invitrogen,
USA). Si-p65 and Si-NC (20 nmol/L) were incubated with the
cells for 6 h in order to transfect into the cells. Efficiency of ge-

netic silencing by Si-RNA was evaluated by Western blot assay.

Cell viability assay

Cell viability assay was performed according to the manufac-
turer’s instruction of CCK-8 kit. HaCaT cells were plated in 96-
well plates at a density of 5,000 cells/well. When cells were
grown to approximately 70-80% confluence, indicated condi-

tioned mediums were added into 4 wells of each group and co-
cultured with HaCaT cells for 24 h. CCK-8 solution at a dilution
of 1/10 with FBS-free DMEM/F12 was added to each well and
the cells were incubated for 3 h at 37°C. Absorbance at 450 nm
was measured with a microplate reader (Molecular Devices,
USA). The mean optical density (OD) of four wells in each
group was used to calculate percentage of cell viability as fol-
lows:

Cell viability (%) = (ODyeatment group~ ODgank) /
(ODcontroI group™ OI:)Blank) x 100

Experiments were performed in triplicate.

Cytokine ELISA

HaCaT cells were plated in 96-well plates. After the indicated
treatments, levels of both IL-6 and IL-8 in the culture media
were determined by enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s instruction (Boster bio-
tech, LTD, People’s Republic of China). The amount of IL-6
and IL-8 in the culture medium was normalized with cell viability.
The experiment was performed at least three times with similar
outcomes.

Western blot assay

At the end of treatments, HaCaT cells were harvested and
resuspended in ice-cold cell lysis solution and the homogenate
was centrifuged at 10,000 g for 15 min at 4°C. After quantitated
with BCA protein assay kit (Kangchen bio-tech, People’s Re-
public of China), proteins were separated by 12% SDS-PAGE.
The proteins in the gel were transferred into polyvinylidene
difluoride (PVDF) membranes. Blocked with 5% fat-free dry
milk in TBS-T for 1 h at room temperature, the membranes
were incubated with the primary antibodies specific to COX-2
(1:1,000 dilution; Bioworld Technology, USA), p65 (1: 1,000
dilution; Cell Signaling Technology, USA), phosphorylated (p)-
p65 (1:500 dilution; Cell Signaling Technology, USA) or horse-
radish peroxidase (HRP)-conjugated B-actin (1:8,000 dilution;
Kangchen Biotech, People’s Republic of China) with gentle
agitation at 4°C ovemnight followed by further incubation with
HRP-conjugated secondary antibodies (1:4,000 dilution; Boster
bio-tech, LTD, People’s Republic of China) for 1.5 h at room
temperature. The immunoreactive signals were visualized us-
ing an enhanced chemiluminescence (ECL) detection system
(Applygen Technologies, People’s Republic of China). For
quantifying the protein expression, the X-ray films were scanned
and analyzed with IMAGEJ 1.410 software [National Institutes
of Health (NIH), USA].

Measurement of intracellular ROS generation

Intracellular ROS level was determined by fluorescent DCF
derived from cell-permeable DCFH-DA. After treatment with
indicated conditioned mediums, HaCaT cells were incubated
with 10 pmol/L DCFH-DA solution at 37°C for 30 min in the
dark. DCF fluorescence was measured over the entire field of
vision with a fluorescent microscope connected to an imaging
system (BX50-FLA; Olympus, Japan). Mean fluorescence in-
tensity of DCF from three random fields was analyzed with
IMAGEJ 1.410 software.

Data analysis

Data are representatives of triplicate experiments and are ex-
pressed as the mean + standard error (SE). Differences be-
tween groups were analyzed by one-way analysis of variance
(ANOVA) and least significant difference (LSD)-t test with
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SPSS 13.0 (SPSS, USA). A P value of less than 0.05 was con-
sidered statistically significant.

RESULTS

Roles of oxidative stress in CoCl.-induced cytotoxicity

in HaCaT cells

HaCaT cells were treated with chemical hypoxia-mimicking
agent CoCl, to set up an in vitro model of skin hypoxia. At the
concentrations from 400 to 600 umol/L, exposure of HaCaT
cells to CoCl, for 24 h significantly deceased cell viability in a
dose-dependent manner (Fig. 1A). Notably, CoCl,-induced
cytotoxicity was accompanied with overproduction of intracellu-
lar ROS. As shown in Fig. 1B, low amount of ROS was ob-
served in quiescent cells (Fig. 1B control group). Exposure of
HaCaT cells to CoCl, from 400 to 600 umol/L for 2 h concentra-
tion-dependently enhanced intracellular ROS content (Figs. 1B
and 1C). Additionally, to examine the sensitivity of HaCaT cells
to direct oxidative stress, HaCaT cells were treated with H2O..
Data of Fig. 1D showed that treatment with H.O. (200-400
umol/L) for 24 h also obviously reduced cell viability in HaCaT
cells. In order to confirm whether intracellular ROS accumula-
tion was involved in CoClyx-induced cytotoxicity, HaCaT cells
were exposed to NAC (a ROS scavenger) prior to CoCl, chal-
lenge. As shown in Fig. 1E, pretreatment with NAC (500-2000
umol/L) for 1 h before exposure of HaCaT cells to 500 umol/L
CoCl, concentration-dependently inhibited CoCl.-induced de-
crease in cell viability. These results suggest that CoCl.-induced
cytotoxicity is associated with ROS overproduction in HaCaT
cells.

Roles of oxidative stress in inflammation induced by CoCl,
in HaCaT cells

As shown in Fig. 2, treatment of HaCaT cells with CoCl, (400-
600 umol/L) for 24 h dose-dependently enhanced secretion of
both IL-6 and IL-8 (Fig. 2A), revealing that CoCl, elicited in-

Fig. 1. Effect of oxidative stress on cytotoxic-
ity induced by CoCl, in HaCaT cells. (A) Ha-
CaT cells were treated with increasing con-
centrations of CoCl, (400-600 umol/L) for 24
h. Cell viability was measured by CCK-8 as-
say. (B) After treatment of HaCaT cells with
indicated concentrations of CoCl,, intracellu-
lar ROS content was observed by DCFH-DA
staining followed by photofluorography. (Con-
trol) quiescent HaCaT cells, (400, 500, and
600 umol/L) HaCaT cells treated with CoCl,
at 400, 500, and 600 umol/L for 2 h, respec-
tively. (C) Quantitative analysis of the mean
fluorescence intensity in B by IMAGEJ 1.410
software. (D) HaCaT cells were treated with
increasing concentrations of H,O. (200-400
umol/L) for 24 h. (E) Pretreatment of HaCaT
Tt cells with NAC (500-2000 pmol/L) for 1 h
t before exposure to 500 pmol/L CoCl, for 24 h
or treatment with 2000 umol/L NAC for 1 h
followed by 24 h culture. Cell viability was
measured by CCK-8 assay. Data are the
mean + SE (n = 3). *P < 0.05, **P < 0.01
compared with control group. *P < 0.05, "P <
0.01 compared with CoCl, treatment group.
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flammatory response in HaCaT cells. Additionally, treatment of
HaCaT cells with H,O. (200-400 pumol/L) for 24 h also dose-
dependently enhanced secretion of both IL-6 and IL-8 (Fig. 2B).
To further assess the role of oxidative stress in CoCly-induced
inflammatory response, HaCaT cells were preconditioned with
2000 pmol/L NAC for 1 h prior to exposure of cells to 500
pumol/L CoCl,. The results showed that the preconditioning with
NAC obviously inhibited CoCly-induced increase in both IL-6
and IL-8 secretion (Fig. 2C). These findings indicate that oxida-
tive stress is involved in CoCl-induced inflammatory response
in HaCaT cells.

Roles of COX-2 in CoCl>-induced cytotoxicity and
inflammation in HaCaT cells

COX-2 is an inducible gene in process of oxidative stress and
inflammatory response. As shown in Figs. 3A and 3B, treat-
ment of HaCaT cells with 500 umol/L CoCl, for 1 to 3 h up-
regulated expression of COX-2 protein in a time-dependent
manner. Pretreatment for 30 min with NS-398 (10 pmol/L), a
selective inhibitor of COX-2, which alone did not affect on cell
viability, reduced CoCl,-induced cytotoxicity in HaCaT cells (Fig.
3C). Furthermore, pretreatment with 10 umol/L NS-398 for 30
min also attenuated both IL-6 and IL-8 secretion induced by
500 pumol/L CoCl, (Fig. 3D).

Roles of NF-kB p65 phosphorylation in COX-2-mediated
cytotoxicity and inflammation

The transcription factor NF-xB plays an important role in regu-
lating genes that govern the onset of oxidative stress and in-
flammatory response. To investigate whether phosphorylation
of NF-xB p65 subunit (an essential step of NF-xB activation)
participated in COX-2-mediated cytotoxicity and inflammation
induced by CoCl,, the effect of CoCl, on NF-kB p65 phosphory-
lation was observed. As shown in Figs. 4A and 4B, exposure of
HaCaT cells to 500 pumol/L CoCl, for 0.5 to 2 h time-depen-
dently augmented expression of p-p65.
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Fig. 2. Effect of oxidative stress on inflammation induced by CoCl,
in HaCaT cells. (A) HaCaT cells were treated with CoCl, at 400
umol/L to 600 umol/L for 24 h. (B) HaCaT cells were treated with
H,O, at 200 umol/L to 400 pmol/L for 24 h. (C) HaCaT cells were
pretreated with 2000 pmol/L NAC for 1 h before challenge of 500
umol/L CoCl; for 24 h. The levels of IL-6 and IL-8 in cell medium
were measured by ELISA. Data are the mean + SE (n = 3). *P <
0.05, **P < 0.01 compared with control group. *P < 0.05, **P < 0.01
compared with CoCl, treatment group.

Importantly, pretreatment of HaCaT cells with 10 umol/L
PDTC (a selective inhibitor of NF-kB) for 30 min before CoCl,
treatment, significantly repressed CoCl,-induced COX-2 over-
expression, which alone had no obvious effect on COX-2 ex-
pression (Figs. 4E and 4F). Additionally, after p65 expression
was suppressed by small interfering RNA si-p65 (Figs. 4C and
4D), CoCly-induced increase in COX-2 expression was mark-
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Fig. 3. Roles of COX-2 in cytotoxicity and inflammation induced by
CoCly in HaCaT cells. (A) HaCaT cells were treated with 500
umol/L CoCl, for the indicated time (1-3 h). COX-2 expression was
detected by Western blot assay. (B) Densitometric analysis results
from A. (C, D) HaCaT cells were treated with 500 pmol/L CoCl, for
24 h in the presence or absence of pretreatment with 10 umol/L
NS-398 for 30 min. CCK-8 assay was applied to measure cell viabil-
ity (C). ELISA was used to detect the levels of IL-6 and IL-8 in cell
culture medium (D). Data are the mean + SE (n = 3). *P < 0.05, **P
< 0.01 compared with control group. “P < 0.05 compared with CoCl,
treatment group.

edly inhibited (Figs. 4E and 4F). The above findings of present
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study suggest that the activation of NF-xB at least partly medi-
ates CoCly-induced overexpression of COX-2.

Interestingly, pretreatment with 10 pmol/L PDTC for 30 min
or si-p65 considerably protected HaCaT cells against CoCl,-
induced injury, specifically enhancing cell viability (Fig. 4G),
reducing both IL-6 and IL-8 secretion (Fig. 4H).

Roles of NF-xB-COX-2 pathway-mediated cytokine
secretion in CoCl-induced cytotoxicity in HaCaT cells

To clarify the role of CoCly-induced inflammation in survival of
cells, neutralizing anti-IL-6 or anti-IL-8 antibody was used to be
co-incubated with CoCl.-treated HaCaT cells. Results (Fig. 5) of
cell viability showed that co-incubation of neutralizing anti-IL-6
or anti-IL-8 antibody at 100 ng/ml for 24 h significantly protected
HaCaT cells against CoCl.-induced cytotoxicity, increasing cell
viability by 16.7 percent or 14.7 percent, respectively.

Roles of oxidative stress in CoCl.-induced activation of
NF-xkB-COX-2 pathway

To explore whether CoCl-induced activation of NF-kB-COX-2
pathway was ROS-dependent, the effects of NAC on expres-
sions of both NF-kB p-p65 and COX-2 were detected. As
shown in Figs. 6A and 6B, pretreatment with NAC (2000

Si-p65 Si-NC

Fig. 4. NF-xB activation mediated CoCl>-
induced COX-2 overexpression and injury
in HaCaT cells. The expression of p-p65,
p65 or COX-2 was tested by Western blot
assay. (A) HaCaT cells were treated with
500 umol/L CoCl, for indicated time (0.5-2
h). (C) HaCat cells were co-cultured with
small interfering RNA (Si-p65) or random
non-coding RNA (Si-NC) for 6 h. (E) Ha-
CaT cells were treated with 500 pmol/L
CoCl, for 2 h in the presence or absence
of pretreatment with 10 umol/L PDTC for
30 min or co-incubation with Si-p65 for 6 h.
(B, D, and F) Densitometric analysis of the
results from A, C, and E, respectively. (G,
H) HaCaT cells were treated with 500
umol/L CoCl, for 24 h in the presence or
t absence of pretreatment with 10 pmol/L
PDTC for 30 min or co-incubation with Si-
p65 for 6 h. CCK-8 assay was used to
measure cell viability (G). ELISA was em-
ployed to detect the levels of IL-6 and IL-8
in cell culture medium (H). Data are the
mean + SE (n = 3). *P < 0.05, **P < 0.01
| compared with control group. *P < 0.05
compared with CoCl, treatment group.
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Fig. 5. Effect of neutralizing antibody to IL-6 or IL-8 on CoClx-
induced cytotoxicity in HaCaT cells. HaCaT cells were treated with
500 umol/L CoCl, for 24 h in the presence or absence of co-
incubation with neutralizing antibody (100 ng/ml) to IL-6 or IL-8. Cell
viability was measured by CCK-8 assay. Data are the mean + SE (n
= 3). **P < 0.01 compared with control group. P < 0.05 compared
with CoCl, treatment group.
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umol/L) for 1 h significantly blocked overexpression of NF-kB p-
p65 induced by 500 umol/L CoCl, treatment for 1.5 h. Similarly,
exposure of HaCaT cells to 2000 umol/L NAC for 1 h before
CoCl, treatment antagonized CoCl-induced COX-2 overex-
pression (Figs. 6C and 6D). These results suggest that CoCl.-
induced ROS trigger the overexpression of NF-«xB p-p65 and
COX-2.

DISCUSSION

At present, in order to mimic hypoxia, two methods are mainly
used to produce experiment hypoxia as cellular hypoxia model.
The effects of hypoxia are induced by either physical hypoxia,
such as 1% O,, 5% CO,, and 94% N, using the modular incu-
bator chamber method, or a chemical hypoxia, hypoxia-mimi-
cking agent CoCly. In this study, we used CoCly-treated HaCaT
cells as a model of chemical hypoxia to explore the potential
mechanisms underlying hypoxia-induced dermatic injury and
inflammatory response.

In agreement with the previous study (Ermolli et al., 2001),
exposure of HaCaT cells to CoCl, dose-dependently attenuated
cell viability. Interestingly, we found that treatment of HaCaT
cells with CoCl, enhanced generation of ROS and oversecre-
tion of both IL-6 and IL-8, which was not reported by Ermolli
and his coworkers (Ermolli et al., 2001). Similarly, CoCl, in-
duced overproduction of ROS in PC12 cells (Jung and Kim,
2004; Zou et al., 2001) and H9c2 cells (Chen et al., 2010). In
human umbilical vein endothelial cells (HUVECs), CoCl, also
induced inflammatory response by increasing expression of
vascular cell adhesion molecule-1 (VCAM-1) and decreasing
expression of platelet endothelial cell adhesion molecule-1
(PECAM-1) (Montopoli et al., 2007). Furthermore, Wagner and
his colleagues demonstrated that treatment with CoCl, pro-
moted IL-6 and IL-8 transcriptions in HUVECs (Wagner et al.,
1998). These studies (Chen et al., 2010; Jung and Kim, 2004;
Montopoli et al., 2007; Wagner et al., 1998; Zou et al., 2001)
provide support for our research. Since both oxidative stress
and inflammatory response are main pathological processes in
the dermatic injury under ischemia or hypoxia condition, our
results mentioned above suggest that CoCly-treated HaCaT
cells may serve as a simple and useful in vitro model for explor-
ing the mechanisms underlying the hypoxia-linked damages of
skin.

Accumulating evidence verified that COX-2 is responsible for
the development of skin necrosis and inflammatory responses.
Some reports showed that pressure or I/R treatment increased
expression of COX-2 (Gomez-Pinilla et al., 2010; Tsutakawa et

cox-2 e WD SN

B-Actin M A A—

Fig. 6. Roles of oxidative stress in CoCly>-
inudced overexpression of NF-xB p-p65 and
COX-2 in HaCaT cells. HaCaT cells were pre-
treated with 2000 umol/L NAC for 1 h before
exposure to 500 umol/L CoCl, for 1.5 h (A) or 2
h (C). Western blot assay was used to detect
the expression of p-p65 or COX-2, respectively.
(B, D) Densitometric analysis of the results from
A and C, respectively. Data are the mean + SE
(n=3). **P < 0.01 compared with control group.
*P < 0.05 compared with CoCl, treatment group.
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al., 2009). Additionally, in ultraviolet light B (UVB)-irradiated
HaCaT cells COX-2 expression was obviously enhanced (Fernau
et al,, 2010). In accordance with previous data (Chi and Kim,
2005; Fernau et al., 2010; Tsutakawa et al., 2009), we obser-
ved that exposure of HaCaT cells to CoCl, upregulated COX-2
expression. Furthermore, inhibition of COX-2 by NS-398, a
selective inhibitor of COX-2, significantly attenuated CoCl,-
induced cytotoxicity and secretion of both IL-6 and IL-8, indicat-
ing involvement of COX-2 in CoCly-induced cytotoxicity and
inflammation in HaCaT cells. Consistent with our results, it was
reported that wogonin derived from traditional Chinese medi-
cine, Huang-Qin, attenuated I/R-induced dermatic injury partly
by inhibition of COX-2 (Chi and Kim, 2005). Inhibition of COX-2
by NS-398 ameliorated cytokine immunologic imbalances and
decreased liver injury in septic rats (Li et al., 2009). However, a
study showed that activation of COX-2/PG signaling pathway
was involved in atorvastatin-induced cardioprotection (Birnbaum
et al., 2005). The reasons underlying the detrimental versus
cytoprotective effects of COX-2 may be complicated. One ex-
planation for the different roles of COX-2 may be associated
with tissue-specific regulatory mechanisms.

NF-xB is an inducible transcription factor and a positive regu-
lator of COX-2 expression in response to various cytokines and
growth factors (Huang et al., 2001; Kang et al., 2006; Liu et al.,
2003). NF-xB exists in a homo- or heterodimeric form of mem-
bers of Rel protein family. The most abundant form is com-
posed of p50 and p65. It has been shown that CoCl, activated
the translocation of NF-kB into the cell nucleus and enhanced
its binding to a NF-kB consensus sequence in endothelial cells
(Wagner et al., 1997). In agreement with the previous studies
(Huang et al., 2001; Kang et al., 2006; Liu et al., 2003; Wagner
et al., 1997), we found that exposure of HaCaT cells to CoCl,
elevated phosphorylation of p65 subunit, which is a key step of
NF-kB activation. Notably, inhibition of NF-xB by PDTC (a se-
lective inhibitor of NF-kB) or genetic silencing of p65 by RNAI
(Si-p65) significantly blocked CoCl.-induced cytotoxicity and
oversecretion of both IL-6 and IL-8, revealing that NF-kB activa-
tion plays an important role in CoCly-induced cytotoxicity and
inflammatory response. Further study demonstrated that NF-xB
had a positive effect on COX-2 expression in response to ex-
posure of HaCaT cells to CoCl,. Our findings showed that both
PDTC and Si-p65 markedly inhibited overexpression of COX-2
induced by CoCl, treatment. Based on the above results of
present study, we provide novel evidence that NF-kB-COX-2
pathway plays a critical role in CoCly-induced injury and in-
flammatory response in HaCaT cells.

In addition, we observed that neutralizing anti-IL-6 or anti-IL-8
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antibody obviously alleviated CoCly-induced cytotoxicity, lead-
ing to an increase in cell viability, revealing involvement of both
IL-6 and IL-8 in cytotoxicity induced by CoCl, in HaCaT cells.
Similarly, a more recent study showed that sulforaphane (4-
methylsulfinylbutyl isothiocyanate, SF), which is found in cruci-
ferous vegetables and has anti-inflammatory effects (Talalay et
al., 2007), can suppress UVB-induced reduction of cell viability
and production of IL-6 in HaCaT cells (Shibata et al., 2010).

Recently, it was reported that ROS generated by physical
hypoxia or CoCl, enhanced expression of vasoactive intestinal
contractor (VIC) / endothelin-2 (ET-2), one of hypoxia-induced
gene (Grimshaw et al., 2002; Kotake-Nara and Saida, 2007;
Kotake-Nara et al., 2005). To explore the roles of ROS in NF-
kB-COX-2 pathway-mediated inflammatory response and cyto-
toxicity induced by CoCl, in HaCaT cells, we observed the ef-
fects of NAC, a well characterized ROS scavenger. The find-
ings of present study showed that pretreatment with NAC pro-
tected HaCaT cells against CoCl-induced cytotoxicity and
inflammation, evidenced by increased cell viability and reduced
secretion of IL-6 and IL-8. Additionally, exposure of HaCaT cells
to H>O, also induced cytotoxicity and oversecretion of IL-6 and
IL-8. Taken together, these findings suggest that oxidative
stress plays pivotal roles in cellular injuries and inflammatory
response induced by CoCl,. Importantly, NAC pretreatment
significantly inhibited phosphorylation of NF-kB p65 subunit and
overexpression of COX-2, indicating that ROS mediate CoCl,-
induced injury and inflammatory response at least partly
through activation of NF-kB-COX-2 pathway in HaCaT cells.

In summary, the present study provided novel evidence that
NF-kB-COX-2 pathway mediates CoCl.-induced injury and
inflammatory response and that activation of NF-kB-COX-2
pathway is ROS-dependent in HaCaT cells. Knowledge of the
signal mechanism of NF-kB-COX-2 pathway might provide clue
for the development of new therapeutic strategy for hypoxia-
induced dermatic insults.
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