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Abstract: Estuarine grey mullet is very sensitive to several environmental factors. Apoptosis signal regulating kinase-1 (ASK1) activity
is regulated at multiple levels, one of which is through inhibition by heat shock protein (HSP70). In this study, we investigated the
inhibitory effect of pifithrin-p in the hepatocytes of Mugil cephalus inhabiting Kovalam and Ennore estuaries. The level of total
antioxidant capacity (TAC) and the expression of 4-hydroxy-2-nonenal (HNE), HSP70, HO-1, phospho-ERK and ASK1 were measured
in hepatocytes of M. cephalus inhabiting Kovalam and Ennore estuaries with and without pifithrin-p incubation. A significant increase
in oxidative stress along with decrease in antioxidant status in hepatocytes of M. cephalus inhabiting Ennore estuary was observed,
whereas pifithrin-p incubation moderately alters the stress and antioxidant status. The level of HSP70 was inhibited by 39% at 10 pM of
pifithrin-p for 60 minutes. Pifithrin-p enhances the generation of ROS, possibly by inhibiting the anti-oxidant actions of HSP70. An
alteration in the expression of HSP70 by pifithrin-p inhibitor causes downregulation of phospho-ERK and upregulation of ASK1
expression. These proapoptotic changes in the stressed fish hepatocytes indicate that HSP70 threshold is a key factor in fish survival

under polluted environmental stress.
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1. Introduction

Growth, proliferation and differentiation of cells are
processes continuously regulated by a strict control of the
intracellular protein homeostasis, and deregulation of such
processes can have severe consequences on cell survival.
The problems of protein folding continuously challenge the
cells, and these problems become more critical when cells
are subjected to extended levels of stress. However, if the
level of stress is sufficiently low cells may attempt to
survive by producing a set of highly conserved protecting
proteins, namely heat shock proteins (HSPs), which assist
folding of damaged proteins, preserve them from
degradation, and impede toxic intracellular aggregates from
threatening cell survival (1).

Heat shock proteins are molecular chaperone that assist
protein folding and are potential biomarkers for
environmental stress in fish (2). Constitutive heat shock
protein isoforms are synthesized under normal cellular
conditions, whereas inducible isoforms can be synthesized in
response to both biotic and abiotic stressors (3). HSP70 are
constitutively expressed in cells under normal (non stressful)
conditions and function as molecular chaperones, to keep
other proteins from inappropriate aggregations. Its
expression is markedly induced in response to
environmental stresses, such as heat shock, UV and y-
irradiation, and chemical exposure (4,5). Apart from the
induction of high molecular weight HSPs, stress also
induces low molecular weight HSPs like HO-1. HO-1 is a
32-kDa protein also known as heat shock and stress response
protein HSP32. HO-1 is highly inducible by hemin and other

non-heme agents such as ultraviolet (UV), hydrogen
peroxides, heavy metals, hypoxia, and nitric oxide (6).

ERK1/2 is a serine/threonine kinase of the MAPK
superfamily that mediates intracellular signal transduction in
response to a variety of stimuli (7). The ERK module is

activated by MAPK/ERK kinase (MEK) 1/2, which
phosphorylate at the Thr-Glu-Tyr motif (8). The
Ras/Raf/MEK  (mitogen-activated protein kinase/ERK

kinase)/ERK (extracellular-signal-regulated kinase) pathway
is at the heart of signalling networks that govern
proliferation, differentiation and cell survival (9).

Apoptosis, molecularly regulated cell death, can be induced
by a range of environmental, physical or chemical stresses,
and is characterized by a sequence of precisely regulated
events that culminate in the self-destruction of a cell. Many
studies in recent years have shown that the heat shock
proteins play critical roles in modulating the apoptotic
cascades (10,11). Apoptosis signal regulating kinase 1
(ASK1) is a 155-kDa ubiquitously expressed protein
belonging to the member of MAPKKK, a serine-threonine
protein kinase. It is activated in response to reactive oxygen
species (ROS), hydrogen peroxide, tumor necrosis factor
(TNF) and other stress stimuli (12) playing a key role in the
regulation of oxidative stress response (13).

HSP70 is an ATP-dependent chaperone that is induced by
cellular stress and protects cells against various apoptotic
stimuli. HSP70 mainly acts as stabilizer of multiprotein
complexes and prevents the intracellular accumulation of
misfolded or damaged proteins (14). In stress condition,
HSP70 has an important role in cell cycle control, survival
and inhibition of caspase-dependent and -independent
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apoptosis. Recently, the small molecule pifithrin-p was
identified as a specific inhibitor of inducible HSP70 (15).
Pifithrin-p interferes with the carboxyterminal substrate-
binding domain of inducible HSP70 and disrupts its
association with client proteins (16).

Fish are an excellent vertebrate model to investigate the
physiology, function and regulation of HSPs, because they
are exposed to thermal and other stressors in their natural
environment. The relationship between HSP synthesis and
the development of thermotolerance has been studied by
some investigators (17,18). The effects of daily and seasonal
temperature fluctuations as well as acclimation temperature
have also been examined, especially in fish species (19,20).

The grey mullet (Mugil cephalus) have several
characteristics required in a sentinel species, such as wide
geographic distribution; great abundance, salinity and
temperature tolerance; they are common in coastal waters
and enter lagoons, estuaries and rivers that are frequently
subjected to pollution. This species were selected due to
their different characteristics in terms of ecology, biology,
trophic position in the food chain and feeding behaviour.
Fish liver plays a major role in the uptake, biotransformation
and excretion of pollutants (21). However, some metabolites
produced are highly reactive and ultimately more toxic,
affecting the structural integrity of DNA (22). Earlier we
have demonstrated that there is a significant increase in the
expression of HSP70 during pollution stress in mullet (2).
We also hypothesised that enhancement of HSP70 may be
the reason for increased viability and decreased ASKI1
expression in hepatocytes under polluted condition. In this
context, the present study aims to identifying the pro-
apoptotic changes in terms of p-ERK and ASK1 expression
when HSP70 is downregulated by the inhibitior pifithrin-p.

2. Materials and Methods
2.1. Study Site

Kovalam and Ennore estuaries were chosen as the two study
sites for the current research work. Kovalam estuary
(12°47'16 N, 80°14'58 E) is situated on the east coast of
India and is about 35 km south of Chennai. It runs parallel to
the sea coast and extends to a distance of 20 km. It was
chosen as the unpolluted site for the present investigation as
it is surrounded by high vegetation and it is free from
industrial or urban pollution. Ennore estuary (13°14'51 N,
80°19'31 E) also situated on the east coast of India, is about
15 km north of Chennai. It runs parallel to the sea coast and
extends over a distance of 36 km. This estuary was chosen
as the polluted site as in its immediate coastal
neighbourhood are situated, a number of industries which
include petrochemicals, fertilizers, pesticides, oil refineries,
rubber factory and thermal power stations that discharge
their effluents directly into this estuary. Contamination of
this estuary by heavy metals like lead, cadmium, mercury,
zinc and iron to a significant extent compared to unpolluted
estuary has also been confirmed by previous studies (23,24).
It has also been reported that Ennore estuary significantly
differs from Kovalam estuary in its physical, chemical and
biological factors (25), thus it has been chosen as the
polluted site.

2.2 Study animal and sampling

M. cephalus, a natural inhabitant of the estuaries, identified
by the use of Food and Agriculture Organization (FAO)
species identification sheets (26). M. cephalus with an
average length of 30-32 cm were collected from unpolluted
and polluted estuaries using baited minnow traps. Collected
fish was placed immediately into insulated containers filled
with aerated estuarine water at ambient temperature (25-
30°C) and salinity (24-29 ppt). Fish were maintained in the
above specified conditions until the start of the experimental
procedures. Fish were killed by severing the spinal cord, and
the liver was removed immediately.

2.3 Isolation of hepatocytes

The isolation of hepatocytes was carried out according to
established protocols (27,28) with slight modification as
described by Padmini and Usha Rani (20). In brief, after the
fish was anesthetized with a solution of ethyl m-
aminobenzoate (MS-222; 0.5g/1 of water), a midventral
incision was made to expose the liver and the portal vein
was cannulated in the direction of the liver. The liver was
perfused with a perfusion buffer containing 290 mmol 1"
NaCl, 2 mmol [I' KCL 10 mmol I' N-2-
hydroxyethylpiperazine-N-2-ethanesulphonic acid (HEPES),
0.5 mmol 1" ethylene glycol-bis (2-aminoethyl)-tetraacetic
acid (EGTA), 25 mmol I"" tricine, (pH 7.8), to remove red
blood cells. Liver was then removed, perfused initially and
then incubated in a cell suspension buffer (SB) (292.5 mmol
I NaCl, 5 mmol I'" KCI, 2.5 mmol 1" MgCl,, 3 mmol”
CaCl,, 2 mmol 1" NaHCO;, 2 mmol 1" NaHPO,, 5 mmol I
glucose and 50 mmol I'" HEPES, pH 7.8) that contained 5
units ml™” type IV collagenase (Sigma, USA) for 1 hour, to
separate cells. Cells were sieved through 60 and 200 mm
mesh screens and were then pelleted via centrifugation at
100 g for 10 minutes. The cells were then suspended in SB
and allowed to recover for 1 hour. The cells were stored at -
20°C prior to assay.

2.4 Cell viability assay

The cell viability of hepatocyte preparations was assessed
using trypan blue staining (29). This dye exclusion polluted
is used to determine the number of viable cells present in a
cell suspension and is based on the principle that live cells
possess intact cell membrane that exclude dyes such as
trypan blue, whereas dead cells do not. In brief, suspension
cells were harvested by centrifugation. An equal volume of
0.4% (w/v) trypan blue was added to a cell suspension at a
concentration of approximately 1x10° per ml. The cells were
then incubated for 3 minutes and loaded onto a
hemocytometer. Nonviable, deep blue cells as well as viable,
clear cells were counted in three separate fields using bright
field optics and the viability percentage was calculated by
dividing the number of viable cells by the number of total
cells and multiplying it by 100.

2.5 Protein preparation
Hepatocytes were harvested in cell suspension buffer,

centrifuged, and resuspended in cell lysis buffer (20 mM
Tris pH 7.5, 1% Triton X-100, 1 mM ethylenediamine

Volume 4 Issue 10, October 2015
WWW.ijsr.net

Paper ID: SUB158881

Licensed Under Creative Commons Attribution CC BY

1144




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611

tetraacetic acid (EDTA), 1 mM ethylene glycol-bis (2-
aminoethyl)-tetraacetic acid (EGTA), 1 mM phenylmethyl
sulphonylfluoride (PMSF), 5 mM sodium pyrophosphate, 2
mM sodium orthovanadate and protease inhibitor). The cell
suspension was incubated for 30 minutes at 4°C, with
occasional shaking or it was sonicated and centrifuged at
16,000xg for 10 minutes in a 4°C refrigerated microfuge to
remove the cellular debris. The supernatant was the cell
lysate, whose protein concentration was determined by the
classical method of Bradford (30) with coomassie brilliant
blue G-250, using bovine serum albumin as a standard.

2.6 Estimation of total antioxidant capacity (TAC)

Total antioxidant capacity of hepatocytes of M. cephalus
inhabiting Kovalam and Ennore estuaries was evaluated by
the method described by Prieto et al. (31). 200ul of fish
hepatocytes sample was treated with 3 ml of reagent mixture
(0.6oM H,SO,4, 28mM NaH,PO, and 4mM ammonium
molybdate) and incubated at 95°C for 90 minutes and then
cooled. Absorbance was measured at 695 nm against blank.
Methanol was used as blank. The total antioxidant activity
was expressed as Trolox equivalent in mmol /L.

2.7 Quantification of HNE, HSP70, HO-1 and ASK1
using ELISA

The inducible form of 4-hydroxy-2-nonenal (HNE), HSP70,
HO-1 and ASKI in hepatocytes of M. cephalus inhabiting
Kovalam and Ennore estuaries were quantified using HNE
(MBS161454 96T, My Biosource, USA), HSP70
(MBS706016 96T, My Biosource, USA), HO-1 ELISA kit
(ADI-EKS-800, Enzo Life Sciences, New York, USA) and
ASK1 (E91358Hu 96T, Uscn Life Science, Inc, USA)
according to the manufacturer’s instructions.

2.8 Immunoblot analysis of phospho-ERK

Hepatocytes protein aliquots containing 50 pug proteins were
ran on 10% SDS-polyacrylamide gels simultaneously. The
gels were then blotted on to PVDF membranes (BioTrace
PVDF 0.4 Im, Pall Corporation, Germany) according to the
method of Towbin et al. (32). The antibodies used were anti-
ERK1/2 (KAP-MAOQO1) and anti B-actin (CSA-400), and
followed by goat antimouse IgG secondary antibody
treatment and color development was done using BCIP-NBT
substrate system. The band intensities were scanned with the
Hp Scan Imager and quantified using the TotalLab software,
gels, USA. The results were confirmed by individually
performing the blotting studies of these proteins.

2.9 Pifithrin-p incubation study

Pifithrin-p solution was prepared by dissolving pifithrin-p
(Sigma- Aldrich) in water. Then 200 pL of pifithrin-p
solution (10uM, 20uM and 30puM) was added to the
respective sample tubes (containing 100pg of protein /
200pL of fish hepatocytes) and the tubes were incubated for
60 minutes, 90 minutes and 120 minutes at 18°C with 5%
CO, in the incubator. Following the incubation, cell viability
was assessed in all the tubes and the effective concentration
at the time having effective efficiency was utilized for the
quantification of HSP70. Along with the analysis of HSP70

after inhibition with pifithrin-p, cell viability, HNE, TAC,
HO-1, phospho-ERK and ASK1 were assessed to study the
cytoprotective function of HSP70.

2.10 Statistical analysis

Data were analyzed using statistical software package
version (SPSS) 7.0. Student’s t-test was used to ascertain the
significance of variations between Kovalam and Ennore
estuary fish hepatocytes. All data were presented as mean +
SD of 20 fish per estuary. Differences were considered
significant at p<0.05, p<0.01 and p<0.001.

3. Results
3.1. Cell viability

The liver cells of M. cephalus collected from Ennore estuary
showed decrease in their viability (75%) compared with
hepatocytes isolated from Kovalam estuary (87%) (Figure
1).
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Figure 1: Cell viability of hepatocytes prepared from the
livers of M. cephalus inhabiting Kovalam and Ennore
estuaries. Values are expressed as mean + SD (n=20 fish per
estuary)

*p<0.05 When compared with hepatocytes of M. cephalus

inhabiting Kovalam estuary
3.2.  4-Hydroxynonenal (HNE)

The level of oxidative stress was assessed by the
measurement of HNE in hepatocytes. The expression of
HNE (40%) was significantly increased in hepatocytes of M.
cephalus inhabiting Ennore estuary compared to hepatocytes
of M. cephalus inhabiting Kovalam estuary (Figure 2a).
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Figure 2a: 4-hydroxy-2-nonenal (HNE) level of hepatocytes
prepared from the livers of M. cephalus inhabiting Kovalam
and Ennore estuaries. Values are expressed as mean + SD
(n=20 fish per estuary).

#p<0.001 When compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary

3.3. Total antioxidant capacity (TAC)

Total antioxidant capacity was presented in fish hepatocytes
inhabiting Kovalam and Ennore estuaries (Figure 2b). A
significant decrease in the level of TAC (p<0.001) was
observed in hepatocytes of M. cephalus inhabiting Ennore
estuary (36%) compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary.
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Figure 2b: Total antioxidant capacity in hepatocytes of M.
cephalus inhabiting Kovalam and Ennore estuaries. Values
are expressed as mean + SD (n=20 fish per estuary)
#p<0.001 When compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary

3.4. Heat shock protein 70 (HSP70)
The expression of HSP70 (55%) was significantly enhanced

in hepatocytes of M. cephalus inhabiting Ennore estuary
compared to Kovalam estuary (Figure 3a).
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Figure 3a: Level of HSP70 in hepatocytes of M. cephalus
inhabiting Kovalam and Ennore estuaries. Values are
expressed as mean + SD (n=20 fish per estuary)
#p<0.001 When compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary

3.5.  Heme oxygenase-1 (HO-1)
The expression of HO-1 (98%) was significantly increased

in hepatocytes of M. cephalus inhabiting Ennore estuary
compared to Kovalam estuary (Figure 3b).
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Figure 3b: Level of HO-1 in hepatocytes of M. cephalus
inhabiting Kovalam and Ennore estuaries. Values are
expressed as mean + SD (n=20 fish per estuary)
#*p<0.001 When compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary

3.6. Immunoblot analysis of phospho-ERK

Blotting analysis showed significant increase in the
expression of p-ERK (p<0.01) in hepatocytes of M. cephalus
inhabiting Ennore estuary compared with hepatocytes of M.
cephalus inhabiting Kovalam estuary. The representative
blots for proteins are given in Figure 3c.
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Figure 3c: Immunoblot analysis of phospho-ERK in
hepatocytes of M. cephalus inhabiting Kovalam and Ennore
estuaries. B-actin has been used as the loading control
A- Hepatocytes of M. cephalus inhabiting Kovalam estuary
B- Hepatocytes of M. cephalus inhabiting Ennore estuary
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3.7.  Apoptosis signal regulating kinase 1 (ASK1)

The expression of ASKI1 (15%) was increased to a small
extent in hepatocytes of M. cephalus inhabiting Ennore
estuary compared to Kovalam estuary (Figure 3d).
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Figure 3d: Level of ASK1 in hepatocytes of M. cephalus
inhabiting Kovalam and Ennore estuaries. Values are
expressed as mean + SD (n=20 fish per estuary)
*p<0.05 When compared with hepatocytes of M. cephalus
inhabiting Kovalam estuary

3.8.  HSP70 inhibition studies by pifithrin-p

Treatment with pifithrin-p decreased cell viability through
induction of apoptosis in the hepatocytes of M. cephalus.
The dose-effect curves showed a near demise of viable cells
at concentrations between 10, 20 and 30 uM for 60 minutes,
90 minutes and 120 minutes (Figure 4). Of the varying

concentration at different time 10uM for 60mts was found to
be effective by cell viability differences. Hence the effect of
pifithrin-p was further elucidated with the analysis of cell
viability, HNE, TAC, HO-1, phospho-ERK and ASK1 after
HSP70 inhibition. Level of HSP70 after inhibition with
pifithrin-u  (HSP70 inhibitor) was decreased in the fish
hepatocytes inhabiting Kovalam estuary by 16% (*p<0.05)
and fish hepatocytes inhabiting Ennore estuary by 37%
("p<0.001). Inhibition of HSP70 with pifithrin-p decreased
the viability of fish hepatocytes inhabiting Kovalam estuary
by 14% (*p<0.05) and fish hepatocytes inhabiting Ennore
estuary by 21% (“p<0.01). HSP70 inhibition mediated stress
was assessed by increased HNE level in the fish hepatocytes
inhabiting Kovalam estuary by 16% (*p<0.05) and fish
hepatocytes inhabiting Ennore estuary by 53% (*p<0.001)
with decreased TAC in the fish hepatocytes inhabiting
Kovalam estuary by 18% (*p<0.05) and fish hepatocytes
inhabiting Ennore estuary by 48% (“p<0.001). After HSP70
inhibition, the expression of HO-1 was decreased in the fish
hepatocytes inhabiting Kovalam estuary by 18% (*p<0.05)
and fish hepatocytes inhabiting Ennore estuary by 41%
(#p<0.001). After HSP70 inhibition, the level of ASK1 was
increased in the fish hepatocytes inhabiting Kovalam estuary
by 16% (*p<0.05) and fish hepatocytes inhabiting Ennore
estuary by 48% (“p<0.001). The present results demonstrate
that the level of HSP70 was inhibited by 39% and this
inhibition further decreases the cell viability by 7%, TAC by
23%, HO-1 by 56%, phospho-ERK and increases the level
of HNE by 45% and ASK1 by 32% (Figure 5a & 5b).
These results indicate that the inhibition of HSP70 (39%)
leads to cell death by increased expression of ASK1 (32%).
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Figure 4: Effect of pifithrin-u on cell viability at different time with varying concentrations in the hepatocytes of M. cephalus
inhabiting Kovalam and Ennore estuaries. Values are expressed as % difference (n=20 fish per estuary)
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Figure 5a: HSP70 inhibition studies with pifithrin-p and its effect on the level of cell viability, HNE, TAC, HSP70, HO-1
and ASK1 in the hepatocytes of M. cephalus inhabiting Kovalam and Ennore estuaries. Values are expressed as % difference
(n=20 fish per estuary)

K- Hepatocytes of Mugil cephalus inhabiting Kovalam estuary

E- Hepatocytes of Mugil cephalus inhabiting Ennore estuary
Ki- Hepatocytes of Mugil cephalus inhabiting Kovalam estuary with pifithrin-p
Ei- Hepatocytes of Mugil cephalus inhabiting Ennore estuary with pifithrin-p
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Figure 5b: Immunoblot analysis of phospho-ERK in
hepatocytes of M. cephalus inhabiting Kovalam and Ennore
estuaries with pifithrin-p inhibitor. pf-actin has been used as
the loading control
A- Hepatocytes of M. cephalus inhabiting Kovalam
estuary with pifithrin-p inhibitor
B- Hepatocytes of M. cephalus inhabiting Ennore
estuary with pifithrin-p inhibitor

4. Discussion

Cells respond to stress in a variety of ways ranging from
activation of pathways that promote survival to eliciting
programmed cell death that eliminates damaged cells. The
cell’s initial response to a stressful stimulus is geared
towards helping the cell to defend against and recover from
the insult. The cell’s survival critically depends on the
ability to mount an appropriate response towards
environmental or intracellular stress stimuli. Antioxidant
defence mechanisms and stress proteins such as heat shock
proteins play a vital role against such stress stimuli. There
are many different types of stress and the response a cell
deals with these conditions will depend on the type and level
of the stress. Pollution and other stress response mediate an
increase in chaperone protein activity, thus counteracting the
stress and promoting cell survival.

The HSP70s are an important part of the cell's machinery for
protein folding and help to protect cells from thermal or
oxidative stress. HSP70 may act as survival protein under
stress condition (20,33). It seems to act as an anti-apoptotic
molecule at multiple points. HSP70 prevents apoptosis by

inhibiting the JNK-signaling cascade (34,35,36). HSP70 has
been established as a negative regulator of ASK1 (37).
HSP70 inhibits apoptosis through either its chaperoning
function or its binding activities to specific target molecules.
Our previous study also demonstrated that the enhanced
levels of HSP70 downregulates the expression of ASK1 in
stressed fish hepatocytes (38).

MAPKs are typical signaling mediators that transmit
intracellular signals initiated by extracellular stimuli to the
nucleus. MAPK signaling regulates a variety of cellular
activities, including cell growth, differentiation, survival,
and cell death (39). The phosphorylation status of MAPK
profoundly affects both cell fate and cellular function. ERK
can be activated in response to oxidative stress and can play
an important role in promoting cell survival (40). We have
reported earlier the expression of ERK was increased in
polluted site fish. It may protect cells against environmental
pollutant related stress (41).

Cells that are constantly exposed to any stress results in the
generation of reactive oxygen species (ROS) leading to
oxidative stress (OS) which can compromise antioxidant
defense, cellular function and survival. In case of moderate
stress the inner balance is usually restored but under severe
or prolonged stress conditions, the compensatory abilities of
the organism may be exhausted which results in
physiological disturbance or even death. The present result
demonstrates that environmental pollutants have cytotoxic
effects on aquatic organisms, significantly increasing stress,
thereby decreasing cell viability by 14% in hepatocytes of
fish from Ennore estuary (75%) compared to Kovalam
estuary (87%).

Pifithrin-p at the high concentration did not affect the
intrinsic ATP hydrolysis rate of the chaperone. Leu et al.
(15) demonstrated that pifithrin-p interacts with HSP70
through the substrate binding domain. Schlecht et al. (42)
showed that pifithrin-p neither directly affects the affinity of
HSP70 for peptide substrates, nor the kinetics of binding and
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release, making an inhibitory mechanism mediated by the
substrate binding domain. HSP70 is a critical co-chaperon
for HSP90 and is involved in the delivery of client proteins
to HSP90 (43) and HSP70 inhibition can induce tumor-
specific apoptosis via HSP90 function (44). Recently,
Pifithrin-p, originally described as an inhibitor of p53-
mediated apoptosis (45), was reported to promote cancer cell
death by specifically inhibiting the heat-inducible HSP70
and its interactions with co-chaperones without affecting the
constitutively expressed HSC70 (15). In our work, the
expression of HSP70 was decreased significantly by 39%
after pifithrin-p incubation.

The enhanced cell survival is curtailed following HSP70
inhibition (46). Pifithrin-p  inhibits HSP70-induced
stabilization of lysosomal membrane permeabilization,
resulting in increased cell death (47). In our work, the cell
viability was decreased after pifithrin-p incubation.
Decreased cell viability could be due to loss of membrane
permeabilization as reprted by Sekihara et al. (47). Pifithrin-
p induces apoptosis through the direct inhibition of the
stress-inducible HSP70 (48) and enhances the generation of
ROS, possibly by inhibiting the anti-oxidant actions (49). In
our study, ROS production peaked in one hour after the
addition of pifithrin-p, results indicates that pifithrin-p leads
to oxidative damage. The cellular stress in turn initiates the
unfolded protein response, but this fails to restore cell
homeostasis so proteins aggregate and cells die (49).

Cells respond to stressful stimuli inducing a set of heat
shock (stress) proteins (HSPs) that play an important role in
repair and protective mechanisms. HSP70 and HO-1 are
well known markers of cell injury and oxidative stress. HO-

Kovalam estuary

Mugil cephalus

A
e

1 is increased in response to a variety of cellular stresses and
stimuli including ischemia, hypoxia, oxidative stress and
inflammatory cytokines (50). Previous data suggested that
the HO-1 mediated protective role might depend on the
cellular milieu in terms of whether an increase of HO is
beneficial or detrimental to the cell (51). Mautes and Noble
(52) demonstrate that HSP70 is induced in microglia
/macrophages that also express HO-1. In our study, the
expression of HSP70 was inhibited by pifithrin-p incubation
and also the expression of HO-1 was decreased significantly
by 56% due to the inhibition of HSP70 expression.

Pifithrin-p causes caspase-dependent and -independent cell
death of human pancreatic cancer cells (53). Pifithrin-p
mediated inhibition of HSP70 family proteins in tumor cells
results in impairment of the autophagy-lysosome system.
Pifithrin-p impaired the mitochondrial localization of p53
(15). Ma et al. (54) reported that pifithrin-u markedly
suppressed the survival protein activities. Pifithrin-p led to a
remarkable loss of viability and decrease of intracellular
AKT and ERK1/2 levels within a very narrow concentration
range in leukemia cells (16). In our work, the expression of
ASK1 was significantly increased along with the expression
of prosurvival kinase p-ERK was significantly decreased in
the fish hepatocytes after pifithrin-p incubation. The data
suggests that pifithrin-p leads to apoptosis by the inhibitory
effect of HSP70. Pifithrin-u can be useful for studies a
cellular survival pathway mediated by HSP70 in fish.
Results observed on HSP70 inhibition by pifithrin-p
emphasize that HSP70 is crucial for cell survival during
environmental contaminants induced stress condition
(Figure 6).

Ennore estuary

Pifithrin-p

*+)

Figure 6: Schematic diagram illustrates the role of HSP70 in the mechanisms of cellular survival. HSP70 induction in
response to environmental pollutant-mediated oxidative stress promotes the activation of p-ERK. p-ERK activation under
similar conditions promotes cellular survival. HSP70 downregulates ASK1 expression allows cell survival under stress
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condition. HSP70 downregulation by pifithrin-pu enhance the ASK1 expression allows cell death. Thus HSP70 plays important
antiapoptotic role against ASK1 mediated apoptotic signaling.

5. Conclusion

In this study we investigated how hepatocytes respond to
pollutants induced stress condition in terms of HSP70
expression and associated signaling molecules. HSP70
exhibits crucial functions in the maintenance of cell
homeostasis. HSP70 is generally considered to be an anti-
apoptotic molecule and modulation in its activity offers a
great possibility to influence protein homeostasis and cell
survival. In addition, we report for the first time that the
inhibitory effect of pifithrin-p in stressed fish hepatocytes.
An alteration in the expression of HSP70 by pifithrin-p
causes downregulation of ERK and upregulation of ASK1
expression. These proapoptotic changes are the significant
contributors to apoptosis. Therefore, the current results
suggest that HSP70 threshold may exert anti-apoptotic
effects in fish survival under pollutants induced stress
condition.

6. Acknowledgements

The project funded by University Grants Commission, New
Delhi, India. Project referral number-UGC: 41-1281/2012
(SR) is acknowledged.

7. Conflict of Interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

References

[1T Zorzi E, Bonvini P. Inducible Hsp70 in the Regulation
of Cancer Cell Survival: Analysis of Chaperone
Induction, Expression and Activity: Review. Cancers
2011, 3(4), 3921-3956.

[2] Padmini E, Usha Rani M, Vijaya Geetha B. Studies on
antioxidant status in Mugil cephalus in response to
heavy metal pollution at Ennore estuary. Environ.
Monit. Assess. 2009, 155: 215-225.

[3] Hochachka PW, Somero GN. Biochemical adaptation:
mechanism and process in physiological evolution,
Oxford University Press, New York, 2002.

[4] Georgopoulos C, Welch WJ. Role of the major heat
shock proteins as molecular chaperones. Annu. Rev.
Cell. Biol. 1993, 9, 601-634.

[5] Wu C. Heat shock transcription factors: structure and
regulation. Annu. Rev. Cell. Dev. Biol. 1995, 11, 441-
469.

[6] Motterlini R, Foresti R, Bassi R, Calabrese V, Clark JE,
Green CJ. Endothelial heme oxygenase-1 induction by
hypoxia. Modulation by inducible nitric-oxide synthase
and S-nitrosothiols. J. Biol. Chem. 2000, 275, 13613-
13620.

[71 Dou F, Yuan LD, Zhu JJ. Heat shock protein 90
indirectly regulates ERK activity by affecting Raf
protein metabolism. Acta. Biochimica. et. Biophysica.
Sinica. 2005, 37, 501-505.

[8] Cobb M, Goldsmith EJ. How MAP kinases are
regulated. J. Biol. Chem. 1995, 270, 14843-14846.

[9] Kolch W. Meaningful relationships: the regulation of
the Ras/Raf/MEK/ERK pathway by protein interactions.
Biochem. J. 2000, 351(2), 289-305.

[10]Kim HP, Morse D, Choi AM. Heat-shock proteins: new
keys to the development of cytoprotective therapies.
Expert. Opin. Ther. Targets. 2006, 10, 759-769.

[11]Didelot C, Schmitt E, Brunet M, Maingret L, Parcellier
A, Garrido C. Heat shock proteins: endogenous
modulators of apoptotic cell death. Handb. Exp.
Pharmacol. 2006, 172, 171-198.

[12]Morita K, Saitoh M, Tobiume K, Matsuura H, Enomoto
S, Nishitoh H, Ichijo H. Negative feedback regulation of
ASK1 by protein phosphatase 5 (PP5) in response to
oxidative stress. EMBO. J. 2001, 20, 6028-6036.

[13]Goldman EH, Chen L, Fu H. Activation of apoptosis
signal-regulating kinase 1 by reactive oxygen species
through dephosphorylation at Ser967 and 14-3-3
dissociation. J. Biol. Chem. 2003, 279, 10442-10449.

[14]Mosser DD, Morimoto RI. Molecular chaperones and
the stress of oncogenesis. Oncogene 2004, 23, 2907-
2918.

[15]Leu JI, Pimkina J, Frank A, Murphy ME, George DL. A
small molecule inhibitor of inducible heat shock protein
70. Mol. Cell. 2009, 36, 15-27.

[16]Kaiser M, Kuhnl A, Reins J, Fischer S, Ortiz-Tanchez J,
Schlee C, Mochmann LH, Heesch S, Benlasfer O,
Hofmann WK, Thiel E, Baldus CD. Antileukemic
activity of the HSP70 inhibitor pifithrin-p in acute
leukemia. Blood. Cancer. J. 2011, 1(7), €28.

[17]Mosser DD, Van Oostrom J, Bols NC. Induction and
decay of thermotolerance in rainbow trout fibro-blasts.
J. Cell. Physiol. 1987, 132, 155-160.

[18]Chen JD, Yew FH, Li GC. Thermal adaptation and heat
shock response of tilapia ovary cells. J. Cell. Physiol.
1988, 134, 189-199.

[19] White CN, Hightower LE, Schultz RJ. Variation in heat
shock proteins among species of desert fishes
(Poeciliidai; Poeciliopsis). Mol. Biol. Evol. 1994, 11,
106-119.

[20] Padmini E, Usha Rani M. Impact of seasonal variation
on HSP70 expression quantitated in stressed fish
hepatocytes. Comp. Biochem. Physiol. B. 2008, 151,
278-285.

[21]Gernhofer M, Pawet M, Schramm M, Muller E,
Triebskorn R. Ultrastructural biomarkers as tools to
characterize the health status of fish in contaminated
streams. J. Aqua. Ecosyst. Stress. Recov. 2001, 8, 241-
260.

[22] Shugart LR. DNA damage as a biomarker of exposure.
Ecotoxicol. 2000, 9, 329-340.

[23]Raghunathan MB, Srinivasan M. Zooplankton dynamics
and hydrographic features of Ennore estuary, Madras.
Rec. Zool. Sur. India 1983, 40, 1-30.

[24]Padmini E, Vijaya Geetha B. A comparative seasonal
pollution assessment study on estuary with respect to
metal accumulation in Mugil cephalus. Oceanol.
Hydrobiol. Stud. 2007a, 35, 1-13.

[25]Padmini E, Vijaya Geetha B. Seasonal influences on
water quality parameters and pollution status of the

Volume 4 Issue 10, October 2015
WWW.ijsr.net

Paper ID: SUB158881

Licensed Under Creative Commons Attribution CC BY

1150




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611

Ennore estuary, Tamilnadu, India. J. Environ. Hydrol.
2007b, 15, 1-9.

[26] Fischer W, Bianchi G. FAO species identification sheets
for fishery purposes, Western Indian Ocean (fishing
area 51), FAO, Rome, 1984, Vol. 1-6.

[27]Krumschnabel G, Schwarzbaum PJ, Wieser W.
Coupling of energy supply and energy demand in
isolated goldfish hepatocytes. Physiol. Zool. 1994, 67,
438-448.

[28]Buckley BA, Place SP, Hofmann GE. Regulation of
heat shock genes in isolated hepatocytes from an
Antarctic fish, Trematomus bernacchii. J. Exp. Biol.
2004, 207, 3649-3656.

[29] Strober W. Trypan blue exclusion test of cell viability.
Curr. Protoc. Immunol. 2001, May, Appendix 3,
Appendix 3B 18432654 (P, S, E, B, D).

[30]Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem.
1976, 72, 248-254.

[31]Pricto P, Pineda M, Aguilar M. Spectrophotometric
quantitation of antioxidant capacity through the
formation of phosphomolybdenum complex, Specific
application to the determination of vitamin E. Anal.
Biochem. 1999, 26(9), 337-341.

[32]Towbin H, Staehelin T, Gordon J Electrophoretic
transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: Procedure and some applications.
Proc. Natl. Acad. Sci. USA. 1979, 76, 4350-4354.

[33]Padmini E, Vijaya Geetha B. Modulation of ASKI
expression during overexpression of Trx and HSP70 in
stressed fish liver mitochondria. Cell. Stress. Chaperon.
2009, 14(5), 459-467.

[34]Mosser DD, Caron AW, Bourget L, Denis-Larose C,
Massie B. Role of the human heat shock protein HSP70
in protection against stress-induced apoptosis. Mol.
Cell. Biol. 1997, 17(9), 5317-5327.

[35]Gabai VL, Meriin AB, Mosser DD, Caron AW, Rits S,
Shifrin VI, Sherman MY. HSP70 Prevents Activation of
Stress Kinases: A novel pathway of cellular
thermotolerance. J. Biol. Chem. 1997, 272, 18033-
18037.

[36]Padmini E, Vijaya Geetha B. Mitochondrial HSP70
cognate mediated differential expression of JNK1/2 in
the pollution stressed grey mullets, Mugil cephalus.
Fish. Physiol. Biochem. 2012, 38(5), 1257-71.

[37]Park HS, Cho SG, Kim CK, Hwang HS, Noh KT, Kim
MS, Huh SH, Kim MJ, Ryoo K, Kim EK, Kang WJ,
Lee JS, Seo JS, Ko YG, Kim S, Choi EJ. Heat Shock
Protein HSP72 is a Negative Regulator of Apoptosis
Signal-Regulating Kinase 1. Mol. Cell. Biol. 2002,
22(22), 7721-7730.

[38]Padmini E, Tharani J. Heat shock protein 70 modulates
apoptosis signal regulating kinase 1 in stressed
hepatocytes of Mugil cephalus. Fish. Physiol. Biochem.
2014a, 40(5), 1573-85.

[39]Park HS, Lee JS, Huh SH, Seo JS, Choi EJ. HSP72
functions as a natural inhibitory protein of C-Jun N-
terminal kinase. EMBO. J. 2001, 20(3), 446-456.

[40]Ikeyama S, Kokkonen G, Shack S, Wang XT, Holbrook
NIJ. Loss in oxidative stress tolerance with aging linked
to reduced extracellular signal-regulated kinase and Akt
kinase activities. FASEB. J. 2002, 16, 114-116.

[41]Padmini E, Tharani J. Fourier transform infrared
spectroscopic  study on HSP70 and ERK in fish
hepatocytes during pollution induced stress. Int. J. Res.
Chem. Environ. 2014b, 4(2), 114-125.

[42]Schlecht R, Scholz SR, Dahmen H, Wegener A,
Sirrenberg C, Musil D, Bomke J, Eggenweiler HM,
Mayer MP, Bukau B. Functional Analysis of Hsp70
Inhibitors. PLoS ONE 2013, 8(11), 78443.

[43]Morishima Y, Murphy PJ, Li DP, Sanchez ER, Pratt
WB. Stepwise assembly of a glucocorticoid
receptor.hsp90 heterocomplex resolves two sequential
ATP-dependent events involving first hsp70 and then
hsp90 in opening of the steroid binding pocket. J. Biol.
Chem. 2000, 275, 18054-18060.

[44]Powers MV, Clarke PA, Workman P. Dual Targeting of
HSC70 and HSP72 Inhibits HSP90 Function and
Induces Tumor-Specific Apoptosis. Cancer Cell 2008,
14(3), 250-262.

[45]Strom E, Sathe S, Komarov PG, Chernova OB,
Pavlovska I, Shyshynova I, Bosykh DA, Burdelya LG,
Macklis RM, Skaliter R, Komarova EA, Gudkov AV.
Small molecule inhibitor of p53 binding to
mitochondria protects mice from gamma radiation. Nat.
Chem. Biol. 2006, 2, 474-479.

[46]Sharma A, Meena AS, Bhat MK. Hyperthermia-
associated carboplatin resistance: Differential role of
p53, HSF1 and Hsp70 in hepatoma cells. Cancer Sci.
2010, 101(5), 1186-1193.

[47]Sekihara K, Harashima N, Tongu M, Tamaki Y, Uchida
N, Inomata T, Harada M. Pifithrin-p, an inhibitor of
heat-shock protein 70, can increase the antitumor effects
of hyperthermia against human prostate cancer cells.
PLoS ONE 2013, 8(11), €78772.

[48]Leu JJ, Pimkina J, Pandey P. Tumor Cells 2-
Phenylethynesulfonamide Impairs Protein Clearance
Pathways in HSP70 Inhibition by the Small-Molecule.
Mol. Cancer. Res. 2011, 9, 936-947.

[49]Zeng F, Tee C, Liu M, Sherry JP, Dixon B, Duncker
BP, Bols NC. The p53/HSP70 inhibitor, 2-
phenylethynesulfonamide, causes oxidative stress,
unfolded protein response and apoptosis in rainbow
trout cells. Aquat. Toxicol. 2014, 146, 45-51.

[50]Ferrandiz ML, Devesa 1. Inducers of heme oxygenase-1.
Curr. Pharm. Des. 2008, 14, 473-486.

[51]Maines MD, Gibbs PE. 30 some years of heme
oxygenase: from a “molecular wrecking ball” to a
“mesmerizing” trigger of cellular events. Biochem.
Biophys. Res. Commun. 2005, 338, 568-577.

[52]Mautes AEM, Noble LJ. Co-induction of HSP70 and
heme oxygenase-1 in macrophages and glia after spinal
cord contusion in the rat. Brain. Res. 2000, 883, 233-
237.

[53]Monma H, Harashima N, Inao T, Okano S, Tajima Y,
Harada M. The HSP70 and autophagy inhibitor
pifithrin-p enhances the antitumor effects of TRAIL on
human pancreatic cancer. Mol. Cancer. Ther. 2013,
12(4), 341-51.

[54]Ma L, Sato F, Sato R, Matsubara T, Hirai K, Yamasaki
M, Shin T, Shimada T, Nomura T, Mori K, Sumino Y,
Mimata H. Dual targeting of heat shock proteins 90 and
70 promotes cell death and enhances the anticancer
effect of chemotherapeutic agents in bladder cancer.
Oncol. Rep. 2014, 31, 2482-2492.

Volume 4 Issue 10, October 2015
WWW.ijsr.net

Paper ID: SUB158881

Licensed Under Creative Commons Attribution CC BY

1151




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611

Author Profile

Dr. E. Padmini received M.Sc., M. Phil,, Ph.D. degrees in
Biochemistry from University of Madras in 1983, 1984, 1988,
respectively. I was awarded the Post Doctoral Research Associate
(D.Sc FABMS) from the Department of Pharmacology, University
of Tennessee, USA in the year 1993. In addition to this, I have
completed PG Diploma in Bio-Informatics in the year 2004. I am
working as faculty in the Department of Biochemistry, Bharathi
Women'’s College, Chennai- 600 108, Tamilnadu, India since 1988.

J.Tharani, Ph.D Research Scholar, Department of Biochemistry,
Bharathi Women’s College, Chennai-600108, Tamilnadu, India.

Volume 4 Issue 10, October 2015

WWW.ijsr.net

Paper ID: SUB158881 Licensed Under Creative Commons Attribution CC BY

1152






