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Abstract

The present study used human lung fibroblast (HELF) cells as a test model to evaluate the role of oxidative stress (OS) and
extracellular signal-regulated kinases /2 (ERK1/2) protein in HELF cell proliferation exposed to PCBI 18. Results from 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide demonstrated that PCBI18 at lower concentrations stimulated pro-
liferation of HELF cell and abrogate proliferative effect at higher dose concentrations and in a time-dependent manner. Moreover,
reactive oxygen species, malondialdehyde (MDA), and superoxide dismutase showed a significant increase at higher con-
centrations of PCBI 18 than the lower concentrations with the passage of time. Antioxidant enzymes such as glutathione per-
oxidase exhibited decreasing trends in dose- and time-dependent manner. Lipid peroxidation assay resulted in a significant
increase in MDA level in PCBI 18-treated HELF cells compared with controls, suggesting that OS plays a key role in PCBI 8-
induced toxicity. Comet assay indicated a significant increase in genotoxicity at higher concentrations of PCBI |18 exposure than
the lower concentrations. It was found that PCB | |8 showed expression of ERK /2 protein after 4 hours, while after 48 hours, the
protein expression was less, indicating PCB toxicity to MAPK protein of HELF cell. Oxidative stress, ERK1/2, and HELF cell
proliferation exhibited correlation. The results will elaborate toxicological evaluation of PCBI 18 to HELF cells and will help to
develop drug for PCB-induced diseases.
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Introduction

The lung is a highly vascularized target organ for a wide variety
of xenobiotic that may enter through inhalation and blood-
stream; hence, lungs may be more vulnerable to chemical toxic
effects.” Among the chemical toxic effects, the highly reported
are lung cancer,”” lung development process, and respiratory
and asthma.>® It has been reported that the fine particulate
matter (PM) with an aerodynamic diameter <2.5 um (PM
2.5) in polluted air and contaminated food was associated
with lung cancer and other health problems in humans and
animals.”® Within these environmental polluting agents, poly-
chlorinated biphenyls (PCBs), which are products of various
industrial processes, are more concerned due to their persistent
nature, lipophilic properties, and transfer into food chain.’ The
PCBs are classified as 209 different congeners, and the toxicity
of each PCB is structure-dependent mechanisms.

Fibroblast cells are the most common type of cells found in
connective tissue and secrete collagen proteins that maintained
a structural framework for many tissues and also help in wound
healing.lo’11 Recently, human lung fibroblast (HELF) cells
have been used as a test model to evaluate metals toxic
effects.!?!® However, to date, there is scarce information
regarding PCBs to human lung cells in general and particularly
to fibroblast cells. The studies of lung cells will help to
understand how lung cells behave after exposure to PCBs.
2,3",4,4' 5-pentachlorobiphenyl (PCB118) was selected
because international agencies consider them suitable indica-
tors of industrial pollution present in oil, fish, and so on.'

Oxidative stress (OS) characterized by the production of
reactive oxygen species (ROS) in the cells is often triggered
by exogenous substances.'>'® Normal cell signaling is acti-
vated by ROS, and deregulation (low or high) of ROS may
alter the redox mechanisms which are responsible for expres-
sion of genes such as transcriptional factors that regulate cell
differentiation, proliferation, and apoptosis. Among the conse-
quences of enhanced ROS production is DNA damage.'” There
are several antioxidant such as catalase, glutathione (GSH), and
SOD that have been reported to keep ROS level as low as
possible in organisms.'® Recently, it has been proved that OS
may be linked to the hormetic effects'*® and proposed one of
the hormesis mechanistic approach, which are still lacking for
most of the organisms in general and HELF cells particularly.

Many diverse extracellular stimuli, including chemicals,
hormones, growth factors, osmolar shock, stress, and elevated
in temperature, result in activation and phosphorylation of
mitogen-activated protein kinases (MAPKs).>' The MAPKs
(sometimes called extracellular signal-regulated kinases
[ERKSs] or JNK) comprise a family of related protein kinases
that are themselves activated by phosphorylation on threonine
and tyrosine residues. The MAPK-activating enzymes (MAPK/
ERK or JNK kinases, or MEKSs) are unusual in their ability to
catalyze phosphorylation on both threonine and tyrosine resi-
dues.”*** The ERK1/2 pathway typically transduces growth
factor signals and involves in cell differentiation or prolifera-
tion.'? Several studies reported the activation of MAPK

pathways in HELF cells exposed to Arsenic'? and human
tissues.>* The activation of MAPK pathway has been studied
for the Mytilus hemocytes exposed to coplanar and noncopla-
nar PCB congeners.””> However, studies regarding the activa-
tion of MAPK in HELF cell lines exposed to PCBs are scarce.

Previously, several studies have used HELF cells as a test
model to demonstrate the chemicals toxic effects.'®'* How-
ever, studies regarding the toxic effect of PCBs and mechanism
involved in HELF cells are still unclear.?® Hence, in the present
study, we took HELF cells as a test model to figure out the
involvement and relationship of OS and ERK1/2 protein in
HELF cell proliferation exposed to PCB118.

Materials and Methods

Chemicals and Reagents

The PCB118 was purchased from AccuStandard, Inc
(New Haven, Connecticut). The 2',7'-dichlorofluorescein
diacetate (DCFH-DA), 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT), and dimethyl sulfox-
ide (DMSO) were purchased from Sigma Chemical Corp (St
Louis, Missouri). The Dulbecco’s modified Eagle’s medium
(DMEM) and Fetal Bovine Serum (FBS) were obtained from
Gibco and Life Technologies (Grand Island, New York). The
kits for the detection of glutathione peroxidase (GSH-Px)
activity, MDA content, and SOD activity were purchased
from Nanjing Jiancheng Biological Corp (New Jersey). All
reagents used were of analytical grade. The PCB118 stock
solution (20 pg/mL) was prepared in DMSO and further
diluted to working concentrations. The concentration of
DMSO in the culture medium was lower than 0.2% (vol/vol).

Cell Culture and Differentiation

The HELF cells were obtained from Cell Bank of Chinese
Academy of Sciences (Shanghai, China) and cells were cul-
tured and maintained in DMEM enriched with 10% FBS and
100 U/mL of penicillin—streptomycin in 5% CO, humidified
at 37°C.

Cell Proliferation Assay

For the analysis of cell proliferation, cells were incubated at a
density of 5 x 10 cells per well in 96-well plates. Then
allowed the cells to adhere overnight and exposed to different
concentration of PCB118 as control (CK), 1073, 1074, 1073,
1072,107", 1, 5, 10, 20 pg/mL for 4, 12, 24, and 48 hours. After
incubation, the medium was added 20 mL of MTT at 5 mg/mL
in each well and further incubated for 4 hours at 37°C. Then
culture medium was replaced and added 150 pL DMSO to
dissolve the formazan violet crystals. The absorbance of each
well was measured at 570 nm by a microplate reader (Spec-
traMax Plus 384, Sunnyvale, California).
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Measurement of OS

Dimethyl sulfoxide was used to dissolve the probe DCFH-DA
to make 50 mM as a stock solution. After treatment with
PCB118 (control, 0.1, 0.5, 1, 5, or 10 pg/mL), HELF cells at
a density of 1 x 10° cells/mL were suspended in 1 mL PBS
with 100 pM of DCFH-DA for 1 hour at 37°C in the dark.
Samples were washed with 1 mL PBS. Then absorbance was
measured at 504 nm by SpectraMax Plus 384 microplate reader
using the protocol for fluorometric measurement.>’

Measurement of Antioxidant Enzymes

The measurement of lipid peroxidation (LPO) in the PCB118-
treated HELF cells was done by using Jiancheng Biochemical
assay kit (Nanjing, China). Briefly, an aliquot of the cell sus-
pension (0.5 mL) was mixed with 2 mM sodium azide in 4.5
mL of 0.1 M PBS, pH 7.4. Then mixture was incubated at 37°C
for 1 hour. After incubation, 2 mL of 28% wt/vol trichloroa-
cetic acid was added, and the tube was vortexed and centri-
fuged at 1000g for 5 minutes. Then 4 mL supernatant was
added to a tube that contains 1 mL of 1% wt/vol thiobarbituric
acid. The mixture was boiled for 15 minutes and then imme-
diately cooled. Absorbance was measured at 532 nm using a
SpectraMax Plus 384 microplate reader.

The GSH-Px activities of the PCB118-treated HELF cells
were measured by using the GSH-Px cellular assay (Jiancheng
Biochemical). Briefly, an aliquot of the cell suspension
(100 pL) was mixed with 700 pL reaction mixture containing
1 mM EDTA, 1 mM sodium azide, 0.2 mM NADPH, and 1 mM
GSH in PBS, pH 7.2, and 100 pL containing 10 U GSH
reductase. Then tubes were vortexed and incubated at room
temperature for 5 minutes. After incubation, the absorbance
was measured at 340 nm by using a SpectraMax Plus 384
microplate reader. The SOD activities in the PCB118-treated
HELF cells were measured by the inhibition of pyrogallol auto-
xidation by SOD, as described by Jiancheng Biochemical Co,
Ltd assay kit. Briefly, an aliquot of the cell suspension (200 pL)
was mixed in 750 pL in assay mixture that contain 50 mM
Tris—HCIl, 1 mM EDTA, and 50 mM cacodylic acid with the
addition of 250 pL of 2 mM pyrogallol. Then absorbance of the
sample mixtures was measured at 550 nm by using a Spectra-
Max plus 384 microplate reader. The SOD’s one unit activity is
defined as the amount of the enzyme required to prohibit the
rate of pyrogallol autoxidation by 50%. The SOD activity was
expressed as unit of enzyme/milligram of cell proteins.

Measurement of DNA Damage

The single-strand breaks in DNA after exposure to PCB118 for
24 hours were evaluated by alkaline single-cell gel electrophor-
esis (comet assay), as described previously.”® The HELF cells
were treated with PCB118 with low concentration dose
(control, 1072, 5 pg/mL) alone for 24 hours or pretreated
with low concentration of PCB118 for 24 hours, then treated
with 20 pg/mL PCB118 for another 24 hours. Cells treated

with 0.1% DMSO/media and 20 pg/mL PCB118 alone were
used as negative and positive control, respectively. Normal
melting agarose (NMA) and low-melting agarose (LMA) solu-
tions were prepared in PBS. Sequentially, 100 pL. 1% NMA
was coated on warm frosted glass microscope slides. Then,
cells after exposure were suspended in 0.7% LMA, and
75 uL of this solution was pipetted onto the first layer of gel.
Finally, the third layer (80 pL of 0.5% LMA) was added. The
precipitated “sandwich” gel was completely immersed into
cooled (4°C) cell lysis buffer (2.5 M NaCl, 100 mM Na,EDTA,
10 mM Tris, 1% Triton X, 10% DMSO, pH 10.0) for 1 hour.
After lysis, the slides were subjected to a horizontal gel elec-
trophoresis in cooled alkaline electrophoresis buffer (300 mM
NaOH, 1 mM Na,EDTA, pH 12.5) at 25 V and 300 mA for 20
minutes. Then the slides were soaked with neutralization buffer
(0.4 M Trizma base, pH 7.5, 4°C) for 8 minutes, twice, and air
dried. The slides were stained with PI (20 pg/mL) and evalu-
ated under a fluorescence microscope. Fifty randomly captured
cells from each sample were measured using CASP software
(University of Wroclaw, Poland) to quantify damage in DNA.
Following 5 comet parameters were assessed—tail length (TL;
distance from nuclear center to the end of the comet tail), tail
DNA percentage (TD% [expressed by the percentage of fluor-
escent intensity in tail]), head DNA percentage (HD%
[expressed by the percentage of fluorescent intensity in head]),
tail moment (TM; product of TL and TD), and comet length.
All of the experimental steps were performed under dim red
light at 4°C to avoid additional DNA damage.

Protein Assay

Human lung fibroblast cell protein was measured as described
previously.?’ The absorbance of HELF cell protein was mea-
sured at 595 nm by SpectraMax Plus 384 microplate reader.

Western Blot Analysis

Human lung fibroblast cells were seeded in 6-well plates at a
density of 1 x 10 cells per well for 24 hours. Then cells were
treated with PCB118 at the concentrations of control, 0.001,
0.01, 1, 5, and 10 pg/mL for 4 and 48 hours, respectively. After
treatment, the cells were collected, and cell homogenates were
prepared by sonication of cells in 300 pL of ice-cold 50 mM
Tris—HCI1 (pH 7.4), 150 mM NaCl, 50 mM NaF, | mM
Na3;VO,, 5 mM NaF EDTA, 50 mM NaPPi, 1 uM PMSF, 1
mM DTT, 5 pg/mL leupeptin, 2 pg/mL aprotinin, and 1% NP-
40. Homogenates were centrifuged at 12 000g for 30 minutes at
4°C. The protein levels were measured with the BCA (Bio-Rad,
Hercules, California) assay. For Western blot analysis, protein
samples were subjected to 10% SDS-PAGE with 8% spacer
gel. Then proteins were transferred to a nitrocellulose mem-
brane (Hybond ECL; Amersham Pharmacia Biotech, Buckin-
ghamshire, United Kingdom) at 330 mA for 1.5 hours, and the
membrane was blocked with 5% nonfat milk. The membrane
was incubated with antibodies (polyclonal rabbit antihuman
cyclin E, CDK2, p21 cyclin D1, and caspases-9 dilution of
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Figure I. Human lung fibroblast (HELF) cell proliferation exposed to
different concentrations of PCBI 18.

1:1000; Cell Signaling Technology, Inc, Beverly, Massachu-
setts) at 4°C at overnight. After washing, the secondary anti-
bodies (dilution 1:5000) were incubated at room temperature
for 2 hours. The protein densitometry analysis was measured
by a Quantity One software.

Statistical Analyses

The statistical analysis was performed using SPSS 18.0 (SPSS
Inc, Chicago, Illinois). One-way analysis of variance was used
to analyze the data to compare the means of different PCB118
concentrations with control. The differences were considered
statistically significant for P value less than .05. Results were
presented as mean values (standard deviations [ + SD]).

Results

Proliferation of HELF Cells Induced by PCBI 18

The effects of different concentrations of PCB118 on cell
proliferation were examined by MTT assays following treat-
ment with control, 107>, 107, 1072, 1072, 107", 1, 5, 10,
20 pg/mL for 4, 12, 24, and 48 hours, respectively. Figure 1
shows that the cell proliferation was significantly increased
in cells in dose- and time-dependent manner incubated with
107%, 1073, and 1072 PCB118 pg/mL. In contrast, there was
a marked decrease in cell proliferation in 1, 5, 10, and
20 pg/mL PCB118-exposed HELF cells (except 20 pg/mL
for 4 hours).

PCB118 showed stimulation in HELF cell proliferation at
5% to 30% and inhibition at 5% to 70%. The concentrations
1072 and 10~" pg/mL of PCB118 exhibited maximum stimu-
latory response in HELF cell, while 10 and 20 pg/mL of
PCBI118 exhibited more toxicity. Comparison among different
time revealed that after 4 hours no significant toxic effects were
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Figure 2. Reactive oxygen species (ROS) levels in human lungs fibro-
blast (HELF) cells exposed to PCBI 18.

observed exposed to PCB118. While after 12, 24, and 48 hours,
significant reduction in HELF cell proliferation was observed
exposed to PCB118.

Oxidative Stress Induced by PCBI |8

In order to understand the oxidative effects of PCB118, cells
were incubated with DCFH-DA and the results showed
increased oxidation for different time and doses after PCB118
treatments (Figure 2). Figure 2 revealed that low concentra-
tions of PCB118 slightly increased the level of ROS, while
higher concentrations exhibited significant increase in the level
of ROS in time- and dose-dependent manner. The highest ROS
level was recorded after 24 and 48 hours compared to the
control (P < .05) for 107", 1, 5, 10, and 20 pg/mL of PCB118.
The concentration 107>, 10, 1073, 1072 pug/mL (24 and 48
hours) and 107" pg/mL (except 12, 24, and 48 hours) of
PCB118 showed no significant increase in ROS production
than the other doses and time in HELF cells. However, the 1,
5, 10, and 20 pg/mL of PCB118 indicated more ROS produc-
tion after 12, 24, and 48 hours. The percentage of ROS in HELF
cells exposed to 10 and 20 pg/mL of PCB118 after 12, 24, and
48 hours was 140% to 160%, 155% to 180%, and 170% to
200%, respectively.

Antioxidant Enzymes Induced by PCBI |8

At lower concentrations of PCB118 such as 1075, 10741073 R
and 1072, MDA level increased little; however, higher concen-
trations revealed a significant (P < .05) increasing response of
MDA than the control. However, there was a little increase in
MDA level after 4 and 12 hours with an increase in PCB118
concentrations. The results showed that PCB118 induced oxi-
dative damage as evidenced by LPO at high doses. To examine
a possible relationship between production of ROS and MDA
levels by PCB118, we investigated the activities of major anti-
oxidant enzymes, SOD and GSH-Px. As shown in Figure 3, the
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Figure 3. Antioxidant and oxidant enzyme response in human lungs fibroblast (HELF) cells exposed to PCBI 18.

activities of GSH-Px were decreased, while the activities of
SOD were increased (except 24 and 48 hours for 20 pg/mL
of PCB118) in a concentration-dependent manner by PCB118.
These results imply that increased production of ROS by
PCB118 may be due to decreased cellular GSH-Px level and
enhanced activities (except 24 and 48 hours for 20 pg/mL of
PCB118) of SOD.

DNA Damage Induced by PCBI |8

Single-cell gel electrophoresis assay was conducted to deter-
mine DNA damage induced by different concentrations of
PCB118 (Figure 4). The extent of DNA strand breaks induced
by different concentrations of PCB118 after 24 hours of expo-
sure showed significant increase in DNA strand breaks as com-
pared to control in HELF cells. However, DNA damage results
indicated that there was no obvious increase in DNA breaks
observed at lower concentrations of PCB118 as compared to
the higher concentrations. In control samples, percentage of
head DNA was more ~97% and the comet length, tail DNA,
TL, and TM were lower after 24 hours. However, at 5 pg/mL,
percentage of head DNA decreased ~ 76%, while the comet
length, tail DNA, TL, and TM increased significantly com-
pared to control and 1072, respectively, suggesting that
PCB118 may act as a genotoxic compound especially at the
highest level of exposure.

Response of MAPK Proteins Exposed to PCBI |8

The effects of PCB118 were also determined on the MAPK
protein exposed for 4 and 48 hours (Figure 5). After 4 hours,
ERK1/2 exhibited decreasing trend exposure to different
concentrations of PCB118. We observed prominent bands
of ERK1/2 protein after 4 hours for different concentrations
of PCB118. While after 48 hours, exposure to different con-
centrations of PCB118 ERK1/2 expression decreased and
bands were less prominent, suggesting that with the passage
of time the different concentrations of PCB118 decreased the
ERK1/2 protein.

Discussion

In this study, we aimed at investigating the role of OS and
ERK1/2 protein in HELF cell proliferation exposed to PCB118.
Our results demonstrated that PCB118 induced HELF cell pro-
liferation at low concentration (10™* to 1 pg/mL for 4, 12, 24,
and 48 hours) but inhibited cell growth at high concentration
(5, 10, and 20 pg/mL for 12, 24, and 48 hours, respectively), as
evidenced by the B-shaped dose-response curve. The stimula-
tory and inhibitory effects of cells after PCBs have been
reported for SK-N-SH human neuronal cells,*® Vero cell,*! and
human breast cancer cells.'” Similarly, Radice et al'* described
the effects of PCB118 on MCF-7 cells and found that PCB118
exhibited significant hormetic effects to MCF-7 cell. The
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Figure 4. DNA damage in human lungs fibroblast (HELF) cell exposed
to PCBI 18.

authors observed growth stimulatory responses at low doses of
PCB118 while inhibitory responses at high doses compared to
control. Therefore, it is proposed PCB118 may induce hormetic
effects to the HELF cell proliferation.

Reactive oxygen species are well recognized for playing a
dual role as both deleterious and beneficial species.*> However,
recently Calabrese®® proposed that hormetic mechanism may
follow 2 pathways after chemicals exposure: one is receptor-
mediated and the other is cell signaling-mediated hormetic
mechanisms. Several studies have been reported that low level
of ROS stimulated the cell signaling-mediated hormetic
mechanisms, which in turn cause the cell proliferation or
apoptosis.?’** In the present study, we observed that the
PCB118 concentrations increased the ROS levels in a dose-
and time-dependent manner, suggesting that production of
ROS was triggered by PCB118, which may stimulate cell
signaling-mediated hormetic mechanisms for cell proliferation
and apoptosis. Several studies demonstrated that PCB101 and
118 treatments generate elevated intracellular ROS levels, and
to abolish the ROS effects, antioxidants like GSH or antioxi-
dant enzymes, such as SOD, produced,’”® leading to the for-
mation of DNA adducts. The ROS and antioxidant (GSH)
levels in our study were in concordance with the previous studies
for higher and lower chlorinated-like PCBs congener which

induced OS in human breast cancer cells.!”*® Overall, the present
study suggests that PCB118 produced more ROS and in turn
induced more acute depletion of intracellular GSH in HELF cells.

The quantification of LPO is a biomarker for oxidative
processes and also a well-established mechanism of cellular
injury in animals and plants cells®’; in this study, the level of
MDA was measured as an indicator of OS in HELF cells
exposed to PCB118. The present study suggests that PCB118
at higher doses produce LPO damage as compared to the
lower doses and control. Similarly, Yang et al'® found that
sodium arsenite damages LPO at higher doses exposed to
HELF cells than the lower doses. The depletion of antioxidant
GSH and induction of ROS and LPO have been implicated in
oxidative damage of cell components for chemicals.*® In this
study, there is significant correlation between ROS generation
and GSH depletion, suggesting that higher production of ROS
leads to increased membrane LPO with a concomitant
decrease in antioxidants like GSH. Additionally, GSH is a
cofactor of several detoxifying enzymes against OS. It sca-
venges free radicals to regenerate the homeostasis of intracel-
lular redox status.*” The results suggested that this appears to
be the underlying mechanism of PCB118-induced cytotoxi-
city mediated through OS in HELF cells.

Several studies assessing DNA damage as a consequence of
PCB exposure to human cell lines have been conducted using
the comet assay.>**® We found that PCB118 at higher concen-
trations (10 and 20 pg/mL) after 24 hours induced DNA dam-
age to HELF cells, while the lower concentrations exhibited
less damage. The comet assay has been used to assess DNA
damage in human MDA-MB-231 (MDA) and MCF-7 breast
cancer cells exposed to PCB52 and 77. The mean comet TM
and DNA damage were found to be significantly higher in
coplanar PCB77 exposed to human cells.'” The results sug-
gested that PCB118 at higher concentrations (5 pg/mL)
induced DNA damage in HELF cells compared to control.

The possible molecular mechanisms involved in the effects
of PCB118 on the HELF functions were investigated. Previous
data demonstrated that the immune response of mussel hemo-
cytes to bacterial challenge triggers a phosphorylative cascade
involving the activation of tyrosine kinase-mediated cell sig-
naling leading to a time-dependent increase in the phosphory-
lation of different MAPK families, the ERKs, p38, and
JNKs.2>*' The effects of PCB118 on the activation state of
different MAPK families were evaluated in HELF cell extracts
subjected to SDS-PAGE and Western blot with specific anti-
activated MAPK antibodies and the results are reported in
Figure 5. The result here presented clearly show that HELF
treatment with PCB118 results in a time-dependent decrease
in the phosphorylation state of the stress-activated ERK1/2
MAPK. In particular, acute, short-term treatment of human
neutrophils with PCB mixtures or different ortho-substituted
PCB congeners can affect cell signaling, activating compo-
nents involved in the transduction of extracellular stimuli,
such as tyrosine kinases, ERK MAPKs, PLA 2, PLC, and cal-
cium fluxes.*** In particular, we demonstrated that the phos-
phorylation state of ERK can be affected by different
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Figure 5. Effects of PCBI 18 on human lungs fibroblast (HELF) cell and extracellular signal-regulated kinase 1/2 (ERK1/2) protein expression.

PCB, confirming and extending previous data obtained on
neutrophils.*> Less prominent ERK1/2 bands were observed
for the PCB118 after 48 hours, suggesting that PCB118 were
toxic. We found a good correlation between OS, ERK1/2
protein, and cell proliferation, suggesting that OS stimulated
cell proliferation through the cell signal pathway.

Conclusions

The present study concluded that PCB118 exhibited stimula-
tory effects at low doses and inhibitory effects at high doses
on HELF cell proliferation. More cytotoxic effects were
found for the PCB118 on HELF cells. Further, it was found
that low doses of PCB118 induced ROS generation without
cytotoxicity and suggest a cellular signal pathway mechanism
for the stimulation of HELF cell proliferation. However, the
higher doses of PCB118 produced marked ROS formation,
cellular damage, as evidenced by LPO and comet assay, and
inhibitory responses on the HELF cell proliferation. Activa-
tion of the ROS at low concentrations of PCB118 seems to
play an important role in the biphasic/hormetic effect of
PCB118 on cell proliferation.

Moreover, we observed that antioxidant GSH contents
decreased with an increase in PCB118 concentrations in
HELF cells. Further, results of the present study indicated that
HELF cell proliferation exposed to PCB118 was correlated
with varying ROS levels in a biphasic manner. The present
study concluded that PCB118 significantly affected the
mitogen-activated signaling pathway. It was found that
PCB118 showed expression of ERK1/2 protein after 4 hours,
while after 48 hours, the protein expression was less, indicat-
ing PCB toxicity to MAPK protein of HELF cell. However,
the present study suggests that more detailed mechanisms in
terms of growth factors and death factors should be investi-
gated in future.
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