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Abstract
Lipid peroxidation (LPO) end-product 4-hydroxynonenal (4-HNE) has been implicated in the
mechanism of retinopathy. Lately it has been shown that besides being cytotoxic, 4-HNE plays an
important role in oxidative stress-induced signaling. In this study, we have investigated the effect
of 4-HNE on epidermal growth factor receptor (EGFR)-mediated signaling, its potential functional
consequences, and the regulatory role of the 4-HNE metabolizing isozymes, glutathione S-
transferase A4-4 (GSTA4-4) on this signaling in retinal pigment epithelial (RPE) cells. Our results
showed that consistent with its known toxicity at relatively higher concentrations, 4-HNE induced
cell death in RPE. However, at lower concentrations (as low as 0.1 μM) 4-HNE triggered
phosphorylation of EGFR and activation of its downstream signaling components ERK1/2 and
Akt that are known to be involved in cell proliferation. These effects of 4-HNE on EGFR could be
attenuated by the over expression of GSTA4-4 that reduces intra cellular levels of 4-HNE. Our
results also indicated that 4-HNE-induced activation of EGFR is a protective mechanism against
oxidative stress because EGFR, MEK, and PI3K inhibitors potentiated the toxicity of 4-HNE and
also inhibited wound healing in a RPE cell model. These studies suggest that as an initial response
to oxidative stress, 4-HNE induces protective mechanism(s) in RPE cells through EGFR-mediated
signaling.
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Introduction
Oxidative stress-induced lipid peroxidation (LPO) has been implicated in the pathogenesis
of many degenerative ocular diseases including cataractogenesis, age related macular
degeneration (ARMD), and retinopathy (Bressler et al., 1988; Kowluru and Chan, 2007).
Retina is particularly susceptible to oxidative stress because it is constantly exposed to
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reactive oxygen species (ROS) produced by UV and high-energy visible light (Sickel,
1972). Retinal pigment epithelial (RPE) cells that maintain and support the photoreceptors
by phagocytosis and degradation of the photoreceptor outer segment membranes, are known
to be rich in polyunsaturated fatty acids (PUFA) (Young, 1967; Tate et al., 1993; Liang and
Godley, 2003). Consequently, ROS-initiated LPO of PUFA in RPE cells leads to the
formation of relatively higher amounts of LPO products including relatively stable and toxic
electrophiles such as 4-HNE that may contribute to retinopathy (Kapphahn, et al., 2006).
Previous studies have suggested that in retina, the alpha class glutathione S-transferases
(GSTs) may serve as an important defense mechanism against the toxicity of LPO products
(Saneto, et al., 1982; Singh, et al., 1984). The alpha class GST isozyme, GSTA4-4, which
has substrate preference for 4-HNE, has been shown to provide protection against 4-HNE-
induced cataractogenesis in lens cultures (Awasthi, S. et al., 1996; Srivastata et al., 1996).
An important role of GSTs as antioxidant enzymes in negating the toxicity of LPO products
in ocular tissues is suggested by these and other studies (Singhal, et al., 1999; Sharma, A., et
al., 2008).

In recent years, 4-HNE has been recognized as an important signaling molecule that can
modulate various signaling pathways in a concentration-dependent manner (Awasthi, Y.C.,
et al., 2008; Chaudhary, et al., 2010; Li et al., 2006; Sharma, R., et al., 2008; Jacobs and
Marnett, 2007). 4-HNE promotes cell proliferation (Sharma, R. et al., 2004; Ruef et al.,
2000) at lower concentration but at higher concentration it causes necrosis and apoptosis (Li
et al., 2006; Sharma, R., et al., 2008). A role of 4-HNE in signaling mechanisms in ocular
tissues is indicated by studies showing that it induces apoptosis in human lens epithelial
(HLE B-3) and RPE cells through the activation of the death receptor, Fas mediated pathway
as well as through the pathway involving p53 (Li et al., 2006; Sharma, A. et al., 2008). It has
been shown that apoptosis caused by H2O2, UV or naphthalene exposure in HLE B-3 cells is
in fact mediated by 4-HNE and that it can be attenuated by GSTs (Yang, et al., 2002).
Lowering of the intracellular levels of 4-HNE in HLE B-3 cells upon transfection with
hGSTA4 lead to profound changes in the expression of the key cell cycle genes suggesting a
role of 4-HNE in cell cycle signaling and the regulatory role of GSTA4-4 in maintaining 4-
HNE homeostasis in these cells (Patrick, et al., 2005). 4-HNE has also been shown to affect
the epidermal growth factor receptor (EGFR)-mediated signaling in human skin cells (Liu,
et al., 1999). EGFR belongs to the ErbB membrane receptors of tyrosine kinase receptor
family and plays a key role in cell cycle signaling in response to exogenous stressors
(Huang, et al., 1996). In general, EGFR acts like a mitogenic stimulator that can be activated
by its ligands including EGF and IGF (Bogdan and Klambt, 2001; Harris, et al., 2003; Liu,
et al. 1999). Activation of EGFR by its ligand EGF can up regulate several signaling
cascades in RPE cells including the activation of phosphatidylinositol 3-kinase (PI3K), and
extracellular signal-regulated kinase (ERK) that are involved in cell proliferation (Defoe and
Grindstaff, 2004). Available evidence suggests that 4-HNE can cause concentration
dependent, ligand independent induction and activation of EGFR in some cell types (Suc, et
al., 1998; Liu, et al., 1999; Negre-Salvayre, et al., 2003). Present studies were designed to
systematically examine the effects of 4-HNE on EGFR-mediated signaling, its physiological
significance, and the role of GSTA4-4 in regulation of this signaling in RPE cells.

Materials and Methods
Cell line

The simian virus SV40-transformed human fetal male RPE 28 cells (Coriell Institute,
Camden, NJ) that exhibit epithelioid morphology and retain physiological functions
characteristic of the primary human RPE cells were cultured in standard medium containing
10% fetal bovine serum and antibiotics in a humidified incubator at 37°C in 5% CO2
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atmosphere as described before (Sharma, A., et al., 2008). The cells were trypsinized and
passaged every 3–4 days.

Chemicals
4-HNE and the inhibitors of EGFR (AG1478), MEK (U0126) and PI3K (LY294002) were
purchased from Cayman Chemical (Ann Arbor, MI). Bradford reagent, bis-acrylamide, and
SDS for SDS–PAGE were obtained from BioRad (Hercules, CA). Western blot stripping
buffer was from Pierce Co. (Rockford, IL). The apoptosis detection system (CaspACE
FITC-VAD-FMK in situ marker) was purchased from Promega Inc. (Madison, WI). The cell
culture medium DMEM, Lipofectamine 2000 transfection reagent, and fetal bovine serum
were from GIBCO (Invitrogen, Carlsbad, CA). All other reagents and chemicals were
purchased from Sigma-Aldrich (St. Louis, MO).

Antibodies
The antibodies against EGFR (1005) sc-03, ERK1 (C-16) sc-93, p-ERK (E-4) sc-7383,
GAPDH (6C5) sc-32233 were procured from Santa Cruz Biotechnology (Santa Cruz, CA).
The antibodies for p-EGFR (Y1068) (3777), Akt (9272), p-Akt (Ser 473) (9271) were
obtained from Cell Signaling Technology, Inc. (Boston, MA). Polyclonal antibodies
developed against hGSTA4-4 in chicken have been characterized and used by us previously
(Zimniak, L. et al., 1997). Horseradish peroxidase (HRP)-conjugated secondary antibodies
and those against GAPDH were purchased from Southern Biotech (Birmingham, AL).

Cell viability assay
The sensitivity of the RPE against 4-HNE was measured by the 3-(4, 5-Dimethylthiazol-2-
yl)-2, 5-diphenyl-2H-tetrazolium Bromide (MTT) assay as described by Mosmann (1983)
with minor modifications. Briefly, 2 ×104 cells in 190 µl of medium were seeded in 96-well
microtiter plates and allowed to attach for 24 h. The next day, 10 µl of PBS containing the
desired concentration of 4-HNE was added. After 12 h incubation, 10 µl of a stock solution
of MTT (5 mg/ml in PBS) was added to each well; the plates were incubated for additional 4
h at 37°C, centrifuged, and the medium was decanted. Cells were subsequently dissolved in
100 µl DMSO with gentle shaking for 2 h at room temperature, followed by measuring
absorbance at 562 nm in a microplate reader (El×808 BioTek Instruments, Inc). A dose-
response curve was plotted and the concentration of 4-HNE causing a 50% reduction in
formazan crystal formation (IC50) was determined.

Transient transfection with hGSTA4
RPE cells at a density of 5×105 cells per 100 mm Petri dish were plated and the dishes
having >70% confluent cells were used for the transfection with 24 μg of either empty
pTarget-T vector (VT) or the pTarget vector containing the open reading frame (ORF) of the
restored Kozak hGSTA4 sequence (hGSTA4-Tr). Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA) was used for transfection as per the manufacturer’s instructions.

Western Blot Analysis
The cells with or without specified treatment(s), were pelleted, washed thrice with PBS, re-
suspended in RIPA lysis buffer (50 mM Tris-HCl, pH 7.5; 1% NP-40; 150 mM NaCl; 1 mg/
ml aprotinin; 1 mg/ml leupeptin; 0.5 mM phenylmethylsulfonyl fluoride; 1 mM Na3VO4; 1
mM NaF) at 4°C for 30 min, and lysed by sonication. Cell debris was removed by
centrifugation at 14,000 g for 30 min at 4°C to obtain clear extracts. Western blot analyses
were performed with the extracts containing 25–75 µg protein as described previously
(Sharma, A. et al. 2008). Protein was determined by the method of Bradford (Bradford,
1976) throughout these studies. Band intensities were compared by densitometry.
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In situ caspase-3 assay for Apoptosis
RPE cells (8×104) were plated on glass cover slip in 12 well plates. Cells were treated with
the desired concentrations of 4-HNE for 12 h at 37°C. Apoptotic cells were detected by
staining with 5 µM Caspase FITC-VAD-FMK (Promega) in situ marker for 30 min in the
dark. The slides were fixed with 4% paraformaldehyde for 30 min, rinsed thrice with PBS
containing calcium and magnesium (Gibco, Invitrogen, Carlsbad, CA) for 10 min, and
mounted in a medium containing 1.5 µg/ml DAPI (Vector Laboratories, Inc., Burlingame,
CA). Images were taken on Olympus AX70 fluorescence microscope. Percentage of
activated caspase-3 was determined as described earlier (Duan et al., 2003).

Wound healing assay
Wound healing assay was performed as described earlier (Xu and Yu, 2007). Briefly RPE
cells (8×104) were plated on glass cover slip in 12 well plates. After 48 h when 100%
confluence (monolayer) was reached, the cells were wounded by a scratch with a 10µl
pipette tip. Wounded cells were allowed to heal for 24 h in the presence or absence of 4-
HNE (5 µM), AG1478 (5 µM), and combination of both as specified. Images were taken in
Nicon microscope after staining with crystal violet dye. Wound closure was measured using
the NIH Image J program (http://rsbweb.nih.gov/ij/).

Statistical Analysis
Statistical analyses were performed using Student’s t-test. P-value <0.05 is considered
significant. Representatives of p value in figures include “*”< 0.05 and “**” < 0.01.
Analysis of variance (ANOVA) was used for analysis of cell migration in wound healing
assay and for analysis of densitometries of Western Blots (n=3 in each of the experiment).

Results
Cytotoxicity of 4-HNE to RPE cells

In view of the possible high accumulation of 4-HNE in RPE cells during oxidative stress, we
examined the cytotoxic effects of 4-HNE on RPE cells in culture by determining the
percentage of cells surviving upon exposure of varying concentrations of 4-HNE for 12 h
using MTT assay. Results presented in Fig. 1A indicated that the treatment of 4-HNE
significantly decreased cell viability in a dose dependent manner. At relatively lower (less
than 5 µM) physiologically relevant concentrations, the toxicity of 4-HNE was only minimal
but increased remarkably at higher concentrations. The IC50 value for 4-HNE was found to
be 40 µM ± 3.7 that was in the similar range to that reported previously (Sharma, A., et al.,
2008). 4-HNE toxicity was also examined in cells transiently transfected with hGSTA4.
Cells over expressing hGSTA4-4 were significantly protected against 4-HNE toxicity (Fig.
1A) as indicated by a shift in 4-HNE IC50 value (IC50 values for the vector, and hGSTA4
transfected cells; 40 µM ± 3.7 µM, and 58 ± 4.2 µM, respectively). Cells over expressing
hGSTA4-4 were also protected against H2O2 toxicity (IC50 value of H2O2, 360 ±11.4 µM
for the control and 625 ± 14.8 µM for hGSTA4 transfected cells, respectively) (Fig. 1B).
Since hGSTA4-4 specifically detoxifies 4-HNE and does not contribute to the detoxification
of H2O2, these results suggest that H2O2 toxicity is, at least partially, mediated by 4-HNE
generated by H2O2 exposure. The over expression of hGSTA4-4 in transiently transfected
cells was confirmed by Western blot analysis where a robust expression of hGSTA4-4 was
seen even 96 h after transfection (Fig. 1C).

To examine whether 4-HNE toxicity to RPE cells involved the onset of apoptosis, cells
treated with increasing concentrations of 4-HNE were analyzed for apoptosis by
immunofluorescence using CaspACE™ FITC-VAD-FMK in situ marker. Result of these
experiments showed no detectable apoptosis up to 5µM concentration of 4-HNE. There
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after, the percentage of apoptotic cells increased at the concentrations of 4-HNE up to 40
µM used in these experiments (Fig. 2). These results were consistent with the results in Fig.
1A showing that at concentrations up to 5 µM, 4-HNE exerts only a minimal toxicity. 4-
HNE-induced apoptosis was significantly inhibited in hGSTA4 transfected cells (Fig. 2)
affirming the protective role of hGSTA4-4.

4-HNE activates EGFR mediated signaling in RPE cells
Four different isoforms of EGFR viz. EGFR1-4 (ErbB1-4) have been identified in various
human cells (Ullrich, et al., 1984; Bargmann, et al., 1986; Plowman, et al., 1990, 1993;
Kraus, et al., 1989). We examined the expression of these isoforms of EGFR in RPE cells.
Result of Western blot analysis indicated that EGFR1 was the predominant isoform in RPE
cells (Fig. 3A) and other isoforms were not detected under these conditions. These results
were confirmed by immunofluorescence studies in which the isoforms ErbB2-4 were not
detected (negative data for EGFR2-4 not presented). It was remarkable that the treatment of
RPE cells even with 0.1 µM 4-HNE led to the induction of EGFR1. This induction of
EGFR1 was dose and time dependent for 4-HNE concentrations of up to 5 µM and there
after it leveled off (Fig. 3 A). Our results showing the induction of EGFR1 by 4-HNE well
below the concentrations at which it is toxic suggest that 4-HNE causes the activation of
EGFR1 in cells even before any toxic manifestations of oxidative stress. Phosphorylation of
Ser and Thr residues present in the cytoplasmic domain of EGFR1 is one of the potential
mechanisms for its activation. Therefore, we compared the phosphorylation status of Thr
1068 residue of EGFR1 in the control and 4-HNE treated cells. 4-HNE caused
phosphorylation of EGFR1 at Thr 1068 in a time and concentration dependent manner (Fig.
3A and B) for concentrations up to 5 µM. We also compared the expression of EGFR1 in 4-
HNE treated empty vector and hGSTA4 transfected cells. In hGSTA4 transfected cells, 4-
HNE-induced activation and phosphorylation of EGFR1 was significantly inhibited as
compared to the vector transfected cells (Fig. 3C). The intracellular levels of 4-HNE in
hGSTA4 transfected cells are lower as compared to control cells (Sharma, A., et al., 2008).
Our result showed that the basal level of phospho-EGFR1 was significantly lower in
hGSTA4 transfected cells as compared to that of vector transfected cells suggesting that
hGSTA4-4 inhibited activation of EGFR1 by lowering the intracellular concentration of 4-
HNE.

Effect of 4-HNE on ERK and Akt signaling pathways
Previous studies have shown that EGFR1 activates ERK and/or Akt via phosphorylation and
elicits a variety of cellular responses affecting cell growth and differentiation (Defoe and
Grindstaff, 2004). We therefore examined the effect of 5 µM 4-HNE on these down stream
signaling components of EGFR1 because optimal induction of EGFR1 was observed at this
concentration of 4-HNE. When RPE cells were exposed to 5 µM 4-HNE, phospho-ERK
levels were increased within 5 min (Fig. 4A) and this increased expression was sustained for
6 h of the total duration of this experiment. Total ERK levels were however not affected by
4-HNE treatment (Fig. 4A). An increase in the phosphorylation of Akt was also observed
but this increase was seen only after 60 min of 4-HNE exposure (Fig. 4A). However, this
increase also persisted for at least 6 h. No significant effect on total Akt levels was observed
upon 4-HNE exposure (Fig. 4A). Results of these studies indicated that the activation of
EGFR1 by 4-HNE was accompanied with the activation of its down stream pathways,
perhaps in a time dependent manner because increase in p-ERK levels was observed as early
as 5 min but the p-Akt levels were increased only after 60 min. Since ERK and Akt
associated pathways are involved in cell survival and proliferation, these results suggest that
as an initial response to oxidative stress, 4-HNE causes the activation of EGFR mediated
protective mechanism.
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To study whether or not the activation of EGFR by 4-HNE leads to the activation of its
downstream components, ERK and Akt, cells were treated with 5 µM 4-HNE in the
presence of 5 µM EGFR inhibitor AG1478. Results of these experiments presented in Fig.
4B showed that 4-HNE-induced activation of EGFR as well as ERK was blunted by EGFR
inhibitor. However, activation of Akt, that was suppressed in the presence of EGFR inhibitor
alone, could still be activated by 4-HNE. This would suggest that in addition to EGFR
mediated activation, Akt can also be activated by 4-HNE through alternate mechanism(s)
that is/are independent of EGFR. Never the less, these results show that 4-HNE activates
EGFR as well as ERK and Akt.

Inhibitors of EGFR pathway potentiate 4-HNE toxicity
In the next series of experiments, we studied the physiologic significance of 4-HNE-induced
activation of EGFR1, ERK, and Akt by examining the toxicity of 4-HNE to RPE cells in the
presence of EGFR inhibitor, and the inhibitors of MEK and PI3K that are upstream of ERK
and Akt, respectively. Since 5 µM 4-HNE caused optimal induction of EGFR1 and only a
minimal but measurable cell death (Fig. 1A) we examined the effect of 5 µM 4-HNE (12 h
exposure) on cell survival in the presence of increasing concentrations (0.1–10 µM) of an
EGFR inhibitor, AG1478. Results presented in Fig. 5A indicated that 0.1 µM inhibitor
caused significant cell death that was consistent with the protective role of EGFR1
associated pathway(s). Exposure to 5 µM 4-HNE alone caused only about 14% cell death
but this cytotoxic effect of 4-HNE was remarkably potentiated to about 53% cell death in the
presence of 0.1 µM AG1478. In the presence of 10 µM AG1478, 5 µM 4-HNE caused 85%
cell death (Fig. 5A). These results clearly indicated that EGFR associated pathway(s)
protected RPE cells during oxidative stress and support our contention that as an initial
response to oxidative stress, 4-HNE induces EGFR associated signaling pathways that
provide protection against oxidant toxicity. Additional results (Fig. 5B and C) showing that
the inhibitors of MEK and PI3K also potentiated 4-HNE cytotoxicity are also consistent
with this idea. Together these results reaffirm a protective role of 4-HNE mediated signaling
as an initial, rapid cellular response to oxidative stress.

Effect of 4-HNE-mediated activation of EGFR on wound healing
The protective role of 4-HNE through EGFR induction was also examined in a model of
wound healing. For these studies, a model similar to that used for wound healing in RPE
cells was used (Xu and Yu, 2007) and wound closure in the presence and absence of 5 µM
4-HNE and 5 µM EGFR inhibitor was examined. As shown in Fig. 6 RPE cells were able to
heal a scratch wound within 24 h suggesting that injured RPE cells can generate autocrine
factors for wound healing. As expected, in presence of 5 µM 4-HNE the healing of the
wound was significantly inhibited. This inhibition of wound healing was more robust in the
presence of AG1478 (Fig. 6). These results are consistent with cell viability data showing
the potentiation of 4-HNE induced cell death in the presence of EGFR, PI-3 kinase, and
MEK inhibitors (Fig. 5) and suggest that activation of EGFR by 4-HNE and its down stream
signaling targets is a protective mechanism against oxidative stress.

Discussion
Results of present studies reaffirm the idea that 4-HNE plays an important role in stress-
induced signaling. The activation of EGFR-mediated proliferative pathway involving ERK
and Akt by 4-HNE at concentration well below the toxic levels clearly suggest that it acts as
a sensor to potentially deleterious effects of oxidative stress and evokes the signaling
mechanism(s) that can negate these effects. It has been shown that at relatively high
concentrations 4-HNE is necrotic and apoptotic, and even at low concentrations it shows
significant toxicity (Sharma A, et al., 2008; Chaudhary, et al., 2010). Our present findings
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are in agreement with these earlier observations. Our results demonstrate that at low levels
of 4-HNE the activation of EGFR-mediated pathway does indeed provide protection to cells
because inhibitors of EGFR, MEK, and PI3K dramatically potentiate the toxicity of 4-HNE.
For example, at 5 µM concentrations 4-HNE causes merely 14 % cell death that is increased
to more than 80% in the presence of these inhibitors. The capacity to repair the wound
healing in the presence of 4-HNE, an index of oxidative stress is also impaired in presence
of these inhibitors. This would suggest that induction of EGFR pathway at low levels of 4-
HNE generated during initial stages of oxidative stress contributes to the process of wound
healing. Thus in RPE cells 4-HNE seems to act as an initial sensor of oxidative stress that
activates defense mechanism to negate the deleterious effects of oxidative stress. This idea is
consistent with the reported activation of HSF-1 by 4-HNE for protection against oxidative
stress (Jacobs and Marnet, 2007; Chaudhary, et al., 2010).

Transfection of cells with hGSTA4 results in lowering of the intracellular concentration of 4-
HNE (Sharma, et al, 2004). Our results also show that the toxic effect of H2O2 is attenuated
in hGSTA4 transfected cells suggesting that at least a part of the toxicity of oxidants is
mediated specifically by 4-HNE because GSTA4-4 has no activity towards H2O2 and unlike
GSTA1-1 and A2-2, GSTA4-4 has only minimal glutathione peroxidase activity towards
lipid hydroperoxides that are precursors of 4-HNE (Yang et al., 2003). 4-HNE formation is
an inevitable consequence of oxidative stress and particularly in retina due to high levels of
ω-6 fatty acids high levels of 4-HNE are expected. The antioxidant role of GSTs may be
particularly important for retina because increased 4-HNE-protein adducts formation has
been associated with retinopathy. In retina GSTA1-1 and A2-2 that inhibit LPO (Yang, et
al., 2003) are constitutively expressed while GSTA4-4 or the isozyme GST 5.8 that have
substrate preference for 4-HNE are induced in response to even low oxidative stress
(Singhal et al., 1999). Thus by limiting the formation of 4-HNE and by accelerating its
detoxification these enzymes play a major role in maintaining the 4-HNE homeostasis in this
tissue during oxidative stress.

Maintaining 4-HNE homeostasis in retina may be crucial because too low 4-HNE levels
may lead to undesired proliferation (Sharma, R., et al., 2004) and high levels may cause
toxicity (Li et al., 2006; Sharma, R., et al., 2008). Since our results suggest that 4-HNE-
mediated signaling contributes to toxicity as well as protective mechanism in a
concentration dependent manner, it is reasonable to predict that a window of basal level of
4-HNE may be crucial for the normal functioning of retina. Defining this window in retina
may be clinically relevant to the prevalent use of antioxidants in commercial eye nutrients
(Kuzniarz, et al. 2001). However, it must be realized that it is difficult to exactly define this
window of the basal 4-HNE levels due to the variability of the parameters involved in its
formation (endogenous ROS, UV, xenobiotics, and drug exposure) and rapid induction of
the enzymes involved in its metabolism (Singhal, et al., 1999; Cheng, et al., 2001; Yang, et
al., 2003) and future studies should be focused to overcome this problem.

➢ In RPE cells, 0.1 µM 4-HNE activates EGFR mediated pathway.

➢ This effect of 4-HNE on EGFR can be blunted by the over expression of
GSTA4-4.

➢ 4-HNE-induced activation of EGFR is a protective mechanism against oxidative
stress.

➢ Inhibition of 4-HNE induced EGFR activation attenuates wound healing process.

➢ 4-HNE acts as an initial sensor of oxidative stress to induce defense mechanisms.
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The abbreviations used are

4-HNE 4-hydroxy-2-nonenal

GST glutathione S-transferase

LPO Lipid peroxidation

EGFR Epidermal growth factor receptor

PI3K phosphatidylinositol 3-kinase

ERK Extracellular-signal-related kinase

MEK Mitogen-activated protein kinase kinase
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Figure 1. Effect of hGSTA4 transfection on the toxicity of 4-HNE and H2O2 in RPE cells
RPE cells were transiently transfected with empty p-Target vector (VT) and p-Target vector
containing the ORF of hGSTA4 sequence (hGSTA4-Tr). VT and hGSTA4-Tr cells were
treated with 0–80 µM of 4-HNE (A) or 0–1000 µM H2O2 (B) for 12 h and assayed for
cytotoxicity by MTT assay. The plots show the percent cell survival (mean ± SD, n = 4) at
different concentrations of 4-HNE. Over-expression of hGSTA4 in transfected cells was
confirmed by western blot analysis (C).
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Figure 2. In situ analysis of 4-HNE mediated activation of caspase-3 in VT and hGSTA4-Tr RPE
cells
RPE cells (1 × 105) were treated with 0–40 µM 4-HNE for 12 h. The activation of caspase-3
in these cells was examined by staining with 10 µM CaspACE™ FITC-VAD-FMK in situ
marker according to the manufacturer’s instructions. The slides were mounted with
Vectashield DAPI mounting medium and observed under a fluorescence microscope
(Olympus) using the standard filter sets for DAPI and FITC. Percentage of caspase-3
activated cells presented in bar graph was determined as described previously (Duan et al.,
2003). The data represent the mean ± SD (n =3).
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Figure 3. Effect of 4-HNE on p-EGFR and EGFR expression in RPE cells
Cell extracts prepared as described in methods section containing 30 µg protein were
subjected to Western blot analysis. (A). Concentration dependent effect of 4-HNE on the
expression of EGFR and p-EGFR. (B). Time dependent effect of 5 µM 4-HNE on the
expression of EGFR and p-EGFR. (C). Effect of 4-HNE on the expression of EGFR and p-
EGFR in VT and hGSTA4-Tr RPE cells. Western blot analysis was performed with total cell
lysates using indicated antibodies. GAPDH was used to control for loading differences. The
densitometry data in bar graphs below the respective figures represents the mean ± SD (n
=3).
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Figure 4. Effect of 4-HNE on p-ERK and ERK and p-Akt and Akt expression in RPE cells
Cell extracts prepared as described in methods section containing 30 µg protein were
subjected to Western blot analysis. (A). Time dependent effect of 5 µM 4-HNE on the
expression of p-ERK/ERK and p-Akt/Akt. (B) Cells were treated with or without 5 µM 4-
HNE and or 5 µM AG1478 for 6 h. Western blot analysis was performed with total cell
lysates using indicated antibodies. GAPDH was used to control for loading differences. The
densitometry data in bar graphs below the figure represents the mean ± SD (n =3).
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Figure 5. Effect of HNE on cell growth in the presence and absence of EGFR, MEK and PI3K
inhibitors
RPE cells were plated in 96-well microplates (2 × 104 cells per well in 190 µl of DMEM)
for 24 hours and then incubated with 5 µM 4-HNE in presence or absence of indicated
concentrations of the inhibitors of EGFR (A), MEK (B) and PI3K (C) for 12 h. MTT assay
was performed as described in material and methods. The data represent the mean ± SD (n
=3).
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Figure 6. Suppression of 4-HNE induced EGFR activation inhibits wound healing
RPE cells at confluence were injured by a scratch with a 10 µL pipette tip. Wounded cells
were allowed to heal for 24 h in the presence or absence of 4-HNE (5 µM), AG1478 (5 µM)
and combination of both 4-HNE (5 µM) and AG1478 (5 µM). Inset shows representative
micrograph of wound closure extent for untreated cells, or in the presence of either 4-HNE,
AG1478 or a combination of both. The data represents the mean ± SD (n=3).
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