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Abstract
4-Hydroxy-trans 2-nonenal (HNE) is one of the most abundant and toxic lipid aldehydes formed
during lipid peroxidation by reactive oxygen species. We have investigated the genotoxic effects of
HNE and its regulation by cellular glutathione (GSH) levels in human erythroleukemia (K562) cells.
Incubation of K562 cells with HNE (5–10 μM) significantly elicited a 3- to 5-fold increased DNA
damage in a time and dose dependent manner as measured by comet assay. Depletion of GSH in
cells by L-Buthionine-[S,R]-sulfoximine (BSO) significantly increased HNE-induced DNA damage,
whereas supplementation of GSH by incubating the cells with GSH-ethyl ester significantly
decreased HNE-induced genotoxicity. Further, over-expression of mGSTA4-4, a HNE detoxifying
GST isozyme, significantly prevented HNE-induced DNA damage in cells, and ablation of GSTA4-4
and aldose reductase with respective siRNAs further augmented HNE-induced DNA damage. These
results suggest that the genotoxicity of HNE is highly dependent on cellular GSH/GST/AR levels
and favorable modulation of the aldehyde detoxification system may help in controlling the oxidative
stress- induced complications.
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1. Introduction
Increased reactive oxygen species (ROS) are known to cause DNA damage and related
cytotoxicity (Slupphaug et al., 2003; Cooke et al., 2003). ROS -induced DNA damage has also
been shown to be a major contributor to the patho-physiology of a number of diseases including
cardio-vascular, cancer, neuro-degenerative, autoimmune and diabetic complications (Cooke
et al., 2003; Evans et al., 2004; Bashir et al., 1993; Dandona et al., 1996). Normally ROS are
readily detoxified by cellular anti-oxidative system but excessive ROS would cause increased
lipid-peroxidation and lipid aldehyde formation. One of the most toxic and abundant lipid
aldehydes in biological system is 4-hydroxy-trans2-nonenal (HNE), formed by the oxidation
of ω-6-poly-unsaturated fatty acids in the plasma membrane (Esterbauer et al., 1991; Uchida,
2003; Pryor and Porter, 1990). HNE in the nucleus could form adducts with DNA as well as
proteins, resulting in cytotoxicity and genotoxicity (Feng et al., 2004). All four bases of DNA
are the targets for HNE adduct formation (Bont and Larebeke, 2004; Chung et al., 1996). At
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the low concentrations HNE is metabolized rapidly to less reactive compounds e.g. glutathione
(GSH)-conjugates (Esterbauer et al., 1991) in the outer periphery of the cytoplasm so that the
resultant gradient would not be enough to diffuse into the nucleus. However, under oxidative
stress HNE generated endogenously in cells by oxidation of membrane lipids could reach an
in-vivo concentration up to 10 μM or more (Esterbauer et al., 1991; Uchida, 2003). At such
concentrations, in already stressed cells having decreased levels of GSH, HNE would have
enough gradient to enter the nucleus and react with nuclear proteins and nucleotide bases. HNE
can react and form exocyclic propano- adducts by reaction with purine and pyrimidine bases
thereby modify their functions. For example HNE could react with DNA to form 4-HNE-dG
(6-(1-hydroxyhexanyl)-8-hydroxy-1,N(2)-propano-2-deoxyguanisine), which could cause
DNA damage and possibly inhibit DNA repair and cause carcinogenesis (Douki and Ames,
1994; Feng et al., 2003 and 2004).

Glutathione-S-transferase (GST) catalyzed conjugation of lipid aldehydes (such as HNE) with
GSH and their reduction by aldose reductase (AR) are the major defense against oxidative
stress –induced cytotoxicity (Sharma et al., 2004; Awasthi et al., 2005; Pladzyk et al, 2006).
GSTs catalyze the conjugation of GSH via its sulfhydryl group to electrophilic centers of a
wide variety of substrates including HNE. GST -catalyzed GS-lipid aldehyde conjugation is
the main mechanism of detoxification of endogenous lipid aldehydes including HNE as well
as the metabolism of xenobiotics (Ishikawa et al., 1986; Hartley et al., 1995). GS-lipid
aldehydes such as GS-HNE are readily reduced by AR to corresponding GS-lipid alcohols such
as GS-DHN (Srivastava et al., 2001; Ramana et al., 2006). Both GS-HNE and GS-DHN are
actively transported out of the cells (Sharma et al., 2002). Thus adduction of toxic aldehydes
with GSH and their reduction by AR and active transport out of the cells by transport system
may be the major defense against the oxidative stress-induced cytotoxicity, genotoxicity and
a number of related diseases. In the present study using comet assay, we have investigated
HNE-induced DNA damage in human erythrolukemia cell line (K562) by regulating cellular
GSH levels. We have shown that increasing the cellular GSH and/or GSTA4-4 (that efficiently
conjugates lipid-aldehydes and GSH) significantly prevented HNE-induced DNA damage,
whereas siRNA ablation of AR promoted HNE-induced DNA damage. Our results suggest
that GSH/GST/AR system could regulate genotoxicity caused by HNE-induced oxidative
stress.

Materials and methods
Materials

Phosphate-buffered saline (PBS), RPMI-1640 medium, Penicillin/Streptomycin (P/S), Fetal
Bovine Serum (FBS) and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) were
purchased from GIBCO Inc. (Grand Island, NY). 4-HNE was purchased from Cayman
Chemical Co. (Ann Arbor, MI). Glutathion-ethyl ester (GSH-ester), and Buthionine-[S,R]-
sulfoximine (BSO) were purchased from Sigma Chemical Co. (St. Louis, MO). Sodium
dodecyl sulfate (SDS), and acrylamide were purchased from Bio-Rad (Richmond, CA). The
CometAssay™ kit was purchased from Trevigen, Inc. (Gaithersburg, MD). TransFast
Transfection Reagent was purchased from Promega Co (Madison, WI). The antibodies against
the recombinant mGSTA4-4 expressed in Escherichia coli were raised in rabbits (Zimniak et
al., 1994). All other reagents were of analytical grade.

Cell culture and stable transfection of K562 cells
The K562 cells were grown in RPMI-1640 medium supplemented with 10% (v/v) FBS and
1% (v/v) P/S at 37°C in a humidified atmosphere of 5% CO2 (v/v). K562 cells were transfected
with pRC/CMVmGSTA4-4 using liposome-based Trans-Fast transfection reagent. Stable
transfectants were isolated by selection on 400 mg/ml G418 for ~2 weeks. Several G418-
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resistant stable clones were selected for further characterization and were maintained in
medium containing 100 mg G418/ml. Single clone stable transfectant was established in two
ways. The first was sequential dilution into 96-well plate, such that only a single cell was seeded
in each well. The single clone lines were also established by plating in soft agarose with
subsequent selection of viable colonies directly from Agarose. The transfected cells expressed
>3 fold more GSTA4-4 than wild type K562 cells.

Ablation of GSTA4-4 and AR with siRNA
Immediately prior to transfection K562 cells were plated at an approximate density to attain
>70% confluence in 0.25 ml RPMI-1640 medium supplemented with 10% FBS in a 24 -well
plate. The cells were transiently transfected with ON-TARGETplus SMARTpool duplex
GSTA4-siRNA (final concentration 30nM) containing a mixture of four siRNAs targeting a
single gene (Dhanrmacon, Lafayette, CO) and with AR-siRNA
(AATCGGTGTCTCCAACTTC AA) or scrambled-siRNA
(AAAATCTCCCTAAATCATACA; control) (final concentration 50nM) using the TransIT-
TKO transfection reagent (Mirus, Madison, WI) as suggested by the supplier. Briefly, for each
well, respective amount of siRNA was diluted in 50 μl serum-free medium to attain the
respective final concentrations of siRNAs and incubated with 2 μl TransIT-TKO transfection
reagent for 20 min at room temperature. The transfection mixture was added drop-wise to the
respective wells, and incubated at 37°C for 48 h. After incubation, the medium was replaced
with fresh medium (serum-free) and stimulated with HNE as indicated. Changes in the
expression of AR were estimated by Western blot analysis using anti-AR polyclonal antibodies.

Treatment of the cells
Stock solution of HNE in dichloromethane was dried under N2, dissolved in PBS and the
concentration was determined at 221nm using a spectrophotometer. HNE was added to cell
suspensions containing 2×106 cells/ml to achieve a final concentration of 5 or 10 μM. The cells
treated with corresponding amount of PBS served as negative control. Cell suspensions with
HNE were incubated for varied time points as indicated in a shaking water bath at 37°C. The
cell suspensions were centrifuged and the viability of the cells was tested by trypan-blue
exclusion method. The cell pellets were washed with PBS and resuspended in PBS, an aliquot
was taken up in low melting Agarose, dispersed onto slides, and then processed according to
the comet assay protocol.

Determination of DNA damage (Comet assay)
The comet assays were performed essentially as described by suppliers manual. Briefly, the
cell pellets were resuspended in PBS and cells were mixed with 1% low melting point (LMP)
Agarose in 1:10 ratio. Immediately, 75 μl of the cell suspension was pipetted and dispersed
onto CometSlides specialy treated to enhance the adherence of low melting point Agarose. The
slides were placed at 4°C in dark for 30 min. After the Agarose solidified, slides were immersed
in a lysis solution (10 mM Tris–HCl, 100 mM EDTA (pH 10), 2.5 M NaCl, 1% sodium lauryl
sarcosinate, 1% Triton X-100,) for at least 60 min. The excess lysis buffer from the slides was
tapped off and the slides were washed twice with 1X Tris-buffered EDTA solution (TBE) for
5 min each. The slides were placed in a horizontal electrophoresis chamber and covered with
TBE buffer. Electrophoresis was carried out at the rate of 1.0 V/cm for 20 min. The slides were
removed from the electrophoresis chamber, washed in deionized water for 5 min and dipped
in 70% alcohol for 5 min. Subsequently the slides were air dried, stained with SYBR-Green
(1 μl/ml; 30 μl per slide) and mounted. The comet pictures were taken using epifluoroscence
(epi800) microscope. At least 40 comets were observed per slide and each experiment was
repeated independently at least three times. All steps of the Comet assay were conducted under
red light.
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Scoring
Microscopic evaluation of the comet images was quantified using the image analysis system
of Comet Score™ (TriTek Corp.). At least 40 comets were evaluated per slide and the
percentage of fluorescence in the tail (tail intensity (%)) was scored. In addition tail- moments
and olive-moments were also scored in some cases.

Statistics
All data represent the mean ± SD. Statistical significance of difference between untreated
control and treated groups was analyzed by student T-test using Microsoft excel software.
Differences were considered statistically significant at P < 0.05.

Results
Dose and time dependent effect of HNE on DNA damage in K562 cells

Using K562 cells and comet assay we have shown that 10 μM HNE elicited a significant DNA
damage within 3 h (Fig. 1A). The control cells showed none or minimum basal DNA damage.
The scoring of comets revealed the extent of HNE–induced DNA breaks in cells in terms of
tail intensity (percent of total cell DNA found in the comet tail). As shown in fig. 1B, 5 μM
HNE caused approximately 2.5-fold and 10 μM HNE caused 5-fold increase in tail intensity
as compared to control cells treated with carrier (PBS). Next, we determined the time -
dependent effect of HNE on DNA damage in K562 cells. As shown in fig. 2A both doses of
HNE (5 and 10 μM) induced DNA damage in a time dependent manner. The comet tails were
visible in both 5 and 10 μM HNE treated cells as early as 1 h after HNE treatment but at 10
μM HNE caused much more damage as compared to 5 μM as measured by tail length. The
scoring of comets in terms of tail intensity as shown in fig. 2B also showed increase in DNA
damage with time reaching approximately 6-fold after 6 h as compared to control cells treated
with carrier (PBS) alone. These results demonstrate that HNE causes a concentration- and time-
dependent increase in DNA damage in human erythroleukemia (K562) cells.

Modulation of cellular GSH levels regulates HNE- induced DNA damage
To examine the effect of cellular GSH on HNE-induced genotoxicity, the GSH in K562 cells
was depleted by pre-treatment with 100 μM BSO for 16 h, which quenched >80% of the cellular
GSH (data not shown). GSH depleted K562 cells were treated with 5 μM HNE for 3 h. As
shown in fig. 3A, GSH depletion by BSO significantly enhanced HNE -induced DNA damage
as compared to HNE alone (Fig. 3Av and iv). Supplementation of K562 cells with cell
permeable GSH-ester significantly prevented HNE -induced DNA damage (Fig. 3Avi). The
comet scores in terms of tail intensity showed a significant increase in BSO pre-treated cells
over HNE alone-treated cells whereas in GSH-ester pre-treated cells, HNE-induced DNA
damage was significantly prevented (Fig. 3Bi). We also scored other parameters that are
commonly measured with the comet assay e.g. tail- moment and olive- moment which indicate
the severity of the DNA damage. As shown in fig 3Bii HNE- induced tail- and olive -moments
were significantly elevated in cells pretreated with BSO as compared to control cells, whereas
GSH-ester-pretreated cells showed significantly low tail- and olive- moments. The control
cells, not treated with HNE, had nominal value of tail- and olive-moments suggesting that pre-
treatement with either BSO or GS-ester had no significant effect on either tail intensity or on
tail- and olive-moments. These results demonstrate that adequate cellular GSH levels are
crucial for prevention against HNE-induced DNA damage.

Over-expression of mGSTA4-4 in K562 cells protects against HNE- induced DNA damage
Transfection of K562 cells with mGSTA4-4, which is known to have high substrate specificity
for the conjugation of lipid aldehydes with GSH (Hubatsch et al., 1998; Burns et al., 1999),
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significantly prevented HNE-induced DNA damage (Fig 4). While HNE caused a significant
increase in tail intensity in wild type cells, mGSTA4-4 transfected cells showed significantly
reduced tail intensities against both doses (5 and 10 μM) of HNE (Fig. 4A and B). To examine
the effect of decreased GSTA4-4 activity on HNE-induced genotoxicity in K562 cells, we
ablated GSTA4-4 protein in K562 cells by using GSTA4-4 siRNA containing a mixture of
four siRNAs targeting GSTA4-4 gene. The results shown in fig 4C insert indicate
approximately 90% ablation of GSTA4-4 protein by using siRNA. Further, depletion of
GSTA4-4 caused significant (~2 fold) increase in HNE-induced DNA damage as compared to
control siRNA transfected cells as determined by percentage of DNA in the comet tail as
quantified by tail intensity (Fig. 4C). These results thus indicate that GSTA4-4 offers a
significant protection against HNE -induced DNA damage in K562 cells.

Ablation of AR with siRNA in K562 cells augments HNE- induced DNA damage
AR is a known aldehyde detoxifying enzyme as has been shown by us earlier (Srivastava et
al., 1999; Pladzyk et al., 2006). In K562 cells, ablation of AR with AR-siRNA, which inhibited
AR expression by more than 80% as compared to scrambled siRNA (control siRNA),
augmented the HNE induced DNA damage (Fig. 5). A significant increase in percent tail
intensity in AR siRNA transfected K562 cells was observed at 5 μM HNE (P < 0.05), however
the augmentation was more at 10 μM HNE (P < 0.01). These results indicate that AR offers a
significant protection against HNE -induced DNA damage in K562 cells and that siRNA
ablation of AR augments the lipid aldehyde induced genotoxicity.

Discussion
Genetic alteration and DNA damage during oxidative stress are major risk factors in many
disease conditions (Cooke et al., 2003; Evans et al., 2004). HNE, the main aldehyde generated
under oxidative stress, has been shown to elicit cytotoxicity in cells leading to apoptosis,
proliferation or differentiation in a concentration dependent manner (Cheng et al., 1999;
Haynes et al., 2001). Although the genotoxic effects of HNE have been investigated earlier in
many studies (Schaeferhenrich et al., 2003; Knoll et al., 2005; Glei et al., 2007), the
concentrations of HNE (>100μM) used to study its genotoxic effects are barely attainable in
in-vivo conditions during oxidative stress. For K562 cells the IC50 value of HNE is
approximately 9 μM, which is very close to the concentration of HNE at which 50% inhibition
of DNA, RNA, and protein synthesis occurs (Barrera et al., 1987). In the present study, we
have used 5 and 10 μM of HNE that corresponds to in-vivo concentration during oxidative
stress (Poli et al., 1985). We have used single cell gel electrophoresis, also known as comet
assay, which is a highly sensitive method to quantify as well as assess the extent of DNA
damage in cells. This assay also depicts the severity of DNA damage (Collins, 2004; Speit and
Hartmann, 2005; Patel et al., 2006). The results of present study demonstrate that HNE causes
DNA damage in a concentration- and time-dependent manner (Fig 1). The genotoxic effects
of HNE have been studied in many cell types and it has been shown that HNE forms conjugates
with all four bases of DNA and DNA repair proteins altering their integrity and functions
leading to mutations and DNA strand breaks (Bont and Larebeke, 2004; Chung et al., 1996).
This phenomenon can lead to gene alterations causing potential tumor formation or
carcinogenesis, and other pathological conditions.

Increased cellular GSH is known to protect the cells from HNE-induced cytotoxicity and DNA
damage (Nakajima et al., 2002; Cao et al., 2003; Ebert et al., 2001). Under oxidative stress
GSH is oxidized to GSSG, which is transported out (Srivastava and Beutler, 1969; Meister et
al., 1986) resulting in a significant decrease in cellular GSH levels. At the same time oxidative
stress causes increased lipid peroxidation and lipid aldehyde formation, which coupled with
decreased availability of GSH, further exacerbates the cytotoxicity of lipid aldehydes.
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Supplementing the cells with GSH protects cells against HNE-induced cytotoxicity (Cao et al.,
2003). In the present study we have demonstrated that, depleting the cellular GSH by pre-
treating the cells with BSO significantly increased the HNE-induced DNA damage. This
indicates that in the absence or decreased levels of GSH, HNE could enter the nucleus and
cause DNA damage. In contrast, GSH supplementation to the cells significantly prevented the
HNE-induced DNA damage (fig. 3). Lander et al., (2006) have shown that HNE can diffuse
to the organelle from an exogenous source besides interacting to a multitude of different cellular
proteins including receptor tyrosine kinases, intracellular GSH pool in the cytosol and
regulatory elements upstream of NF-κB in nucleus (Uchida, 2003). Though it is not clear how
HNE migration to the nucleus is regulated by GSH, it could be stipulated that GS-HNE
conjugates formed during oxidative stress are transported to the nucleus. Unlike other oxidative
free radicals such as O2

− and hydroxyl radicals which have very short half life such that they
are active at the site of formation, HNE is a hydrophobic and relatively stable molecule. In
order to cross the nuclear membrane HNE would require forming conjugate with hydrophilic
molecules such as GSH. The conjugate of HNE with GSH i.e. GS-HNE could migrate to
nucleus. Once in the nucleus, GS-HNE need to split, making HNE free that would react and
form adducts with DNA bases. However, we have demonstrated that in GSH - depleted cells
(by pre-treatment with BSO), HNE-induced DNA damage significantly increased suggesting
that HNE transport to nucleus through GS-HNE formation may not be necessary. Also, in GSH
supplemented cells HNE-induced DNA damage decreased significantly suggesting that GS-
HNE is most likely transported out of the cells rather than transported to the nucleus. Another
possibility could be that being a stable molecule HNE could accumulate excessively in a state
of oxidative stress and defuse to the nucleus in a concentration gradient manner. Also in a
stressed cell, HNE could be generated locally by the oxidation of unsaturated lipid molecules
in the nuclear membrane further exacerbating its DNA damaging effect.

Although GSH readily conjugates with HNE, in the presence of GST this reaction is expedited
several folds (Alin et al., 1985; Zimniak et al., 1994). Since GST also has glutathione
peroxidase activity (Awasthi et al., 1980) that reduces lipid peroxides with the mediation of
GSH, this enzyme plays a significant role in modulating the intracellular concentrations of
HNE by catalyzing its conjugation with GSH. We have demonstrated that overexpression of
GST efficiently protected (Fig. 4A and 4B), while depletion of GSTA4-4 by siRNA
significantly increased DNA damage induced by HNE (Fig. 4C) suggesting that GST -mediated
conjugation of HNE with GSH is a major detoxification pathway against lipid aldehyde-
induced DNA damage. Thus, the increase in GST levels, especially GSTA4-4, under oxidative
stress could be body’s defense since it would protect the cellular proteins from HNE adduction
as well as from HNE –induced DNA damage by 1) reduction of lipid peroxides to
corresponding alcohols, 2) decreasing the levels of lipid aldehydes by conjugation with GSH
followed by active transport of GS-lipid aldehydes conjugates.

We have shown in our earlier studies that AR efficiently catalyzes the reduction of major toxic
and abundant lipid peroxidation products such as HNE into the corresponding alcohols
(Srivastava et al., 1998; 2000). In concert with this observation, we have also shown that over-
expression of AR in HLEC offered significant protection against aldehyde-induced
cytotoxicity (Pladzyk et al., 2006). In the present study genetic ablation of AR by siRNA
aggravated HNE-induced damage which suggests the protective role of AR against HNE-
induced DNA damage in K562 cells. Although, HNE-induced DNA damage in AR ablated
cells was significant, there was only a marginal difference from control, possibly due to dual
function of AR. On one hand AR reduces GS-lipid aldehyde conjugates and mediates oxidative
stress signals initiated by cytokines, growth factors and hyperglycemia (Srivastava et al.,
2005) on the other hand it protects cells by reducing the toxic lipid aldehydes (Srivastava et
al., 1998; 2000). Further, depletion of AR could protect cells from oxidative damage by
decreasing the levels of ROS as observed in vascular smooth muscle cells (VSMC) and
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macrophages (Srivastava et al., 2005; Ramana et al., 2006). We have also shown that inhibition
of AR prevents phosphorylation of various kinases that are responsible for the activation of
transcription factors required for cell survival and death (Ramana et al., 2004 and 2005). Ruef
et al., (Ruef et al., 2000) have also shown that inhibition of AR protects VSMC form HNE-
induced apoptosis. Thus, in summary, the results of this study suggest that 1) HNE caused
dose- and time- dependent increase in DNA damage 2) the genotoxic effect of HNE could be
ameliorated by modulating the cellular GSH levels and 3) over-expression of HNE-detoxifying
enzymes such as GSTA4-4 and AR could be main cellular defense against oxidative stress-
induced genotoxicity.
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Fig. 1.
Dose-dependent genotoxic effects induced by HNE in K562 cells. (A) K562 cells were
incubated with 5 and 10 μM HNE for 3 h and single cell gel-electrophoresis was performed to
assess the DNA damage. The figure shows the representative comet tails indicative of DNA
damage. (B) The bars indicate % DNA in tail (mean ± S.D.) from three independent
experiments, each mean was calculated from three to four parallel slides, 40 comets were
evaluated per slide. (*P < 0.01, **P < 0.001 vs control).
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Fig. 2.
Time-dependent genotoxic effects induced by HNE in K562 cells. (A) K562 cells were
incubated with 5 and 10 μM HNE for 1, 3 and 6 h and single cell gel-electrophoresis was
performed to assess the DNA damage. The figure shows the representative comet tails
indicative of DNA damage. (B) The bar diagram shows tail intensity (% DNA in tail) (mean
± S.D.) from three independent experiments. The results are given as mean± S.D. The mean
in each case was calculated from three to four parallel slides, 40 comets were evaluated per
slide. (*P < 0.05; **P < 0.01; #P < 0.001 vs control).

Yadav et al. Page 11

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2009 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Effect of GSH depletion and supplementation on genotoxic effects induced by HNE in K562
cells. (A) K562 cells pretreated with 100 μM BSO for 16 h and with 1mM GSH-ethyl-ester
(GS-ester) for 1 h and incubated with 5 μM HNE for 3 h and single cell gel electrophoresis
was done to assess the DNA damage. The figure shows representative comet tails from each
group indicative of DNA damage. B(i) shows tail intensity and (B)(ii) shows the tail- and olive-
moments from same samples (mean ± S.D.). Three independent experiments were carried out
and each mean was calculated from three to four parallel slides, 40 comets were evaluated per
slide. (*P < 0.01 vs control, **P < 0.01 vs HNE alone; #P<0.001 vs HNE+BSO).
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Fig. 4.
Effect of overexpression ans depletion of GSTA4 on genotoxic effects induced by HNE in
K562 cells. Stable mGSTA4-4 transfected K562 cells were treated with 5 μM (A) and 10 μM
(B) of HNE for 1, 3 and 6 h followed by single cell gel-electrophoresis to assess the DNA
damage. (C) The GSTA4-4 siRNA transfected cells and control siRNA transfected cells were
treated with 5 and 10 μM of HNE for 3 h and comet assay was performed to assess the DNA
damage. The bars show tail intensities (mean ± S.D.) from three independent experiments, each
mean was calculated from three to four parallel slides, 50 comets were evaluated per slide.
*P < 0.01 vs 5 μM HNE for 6 h; **P < 0.05 vs 10 μM HNE for 3 h; #P< 0.01 vs 10 μM HNE
for 6 h; # #P < 0.01 vs respective Csi groups. The inset in figures represents Western blots for
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GSTA4-4 proteins in wild type (WT), and mGSTA4-4 (A and B) and control- (Csi) GSTA4-4
-siRNA (GSTA4si) (C) transfected K562 cells.
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Fig. 5.
Effect of AR ablation by AR siRNA transfection on HNE-induced genotoxicity in K562 cells.
K562 cells were transfected with control- and AR-siRNA and incubated for 48 h for silencing
of AR mRNA. The cells were washed with PBS and treated with 5 and 10 μM HNE for 3 h
followed by single cell gel-electrophoresis to assess the DNA damage. The bars show percent
tail intensities (mean ± S.D.), and 50 comets were evaluated per slide from 4 experiments.
*P < 0.02 vs respective C-siRNA groups. The inset represents Western blots for AR proteins
in control- (Csi) and AR- siRNA (ARsi) transfected K562 cells.
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