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Abstract
Higher expression of reactive oxygen species (ROS) is implicated in neurological disorders. A
major event in glaucoma, the death of retinal ganglion cells (RGCs), has been associated with
elevated levels of glutamate and TNF-α in the RGCs’ local microenvironment. Herein we show
that the transduction of Peroxiredoxin 6 (PRDX6) attenuates TNFα- and glutamate-induced RGC
death, by limiting ROS and maintaining Ca2+ homeostasis. Immunohistochemical staining of rat
retina disclosed the presence of PRDX6 in RGCs, and Western and real-time PCR analysis
revealed an abundance of PRDX6 protein and mRNA. RGCs treated with glutamate and/or TNF-
α displayed elevated levels of ROS and reduced expression of PRDX6, and underwent apoptosis.
A supply of PRDX6 protected RGCs from glutamate and TNF-α induced cytotoxicity by reducing
ROS level and NF-kB activation, and limiting increased intracellular Ca2+ influx. Results provide
a rationale for use of PRDX6 for blocking ROS-mediated pathophysiology in glaucoma and other
neuronal disorders.

Introduction
Reactive oxygen species (ROS) are produced intracellularly as byproducts of a variety of
physiological processes in the microenvironment of cells, and can also be generated as a
result of external environmental stresses. ROS-driven oxidative stress and inadequacy of
antioxidant defense have important roles in initiation of diseases (Maier and Chan, 2002;
Granot and Kohen, 2004). ROS-mediated insult to neuronal cells has been shown to be a
cause of the development and progression of various neurodegenerative disorders, and there
has been a correlation between antioxidant levels and neuronal function (Romero, 1996;
Beal, 1998; Nunomura et al., 2001; Perry et al., 2003). Several lines of evidence indicate
that oxidative damage and antioxidant responses lead to clinical and pathological
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manifestations in glaucoma (Kurysheva et al.,1996; McKinnon, 1997; Roth, 1997; Rose et
al., 1998; Levin, 1999; Lieven et al., 2006).

Glaucoma, one of the leading causes of blindness in the world, is associated with selective
death of retinal ganglion cells (RGCs). The disease is characterized by an elevation in
intraocular pressure (IOP), which leads to increased glutamate and TNF-α levels (Tezel and
Wax, 2000; Nucci et al., 2005; Okuno et al., 2006), both of which are producers of ROS
(Moreno et al., 2004). The progressive loss of RGCs in glaucomatous patients has been
suggested to result from long-term oxidative damage induced by ROS which were generated
by higher levels of glutamate and TNF-α within the cellular microenvironment (Okuno et
al., 2006). Although the underlying cause for this cell death remains unknown, the primary
risk factor associated with glaucoma is an increase in IOP. Moreover, RGCs in animal
studies and from patients with elevated IOP have been reported to contain high levels of
metabolic products of lipid peroxidation, suggesting that oxidative stress plays a pivotal role
in the pathophysiology of this disease (Muller et al., 1997; Bonne et al., 1998; Okuno et al.,
2006; Tezel, 2006; Izzotti et al., 2006). Recently, ROS have gained attention because of
their role in cellular signaling for various biomolecules such as glutamate (Aoun et al.,
2003), cytokines such as TNF-α, and growth factors, such as PDGF and TGFβ, (Kim et al.,
2006). TNF-α has been shown to cause RGC death following ischemia (Pahl and Baeuerle,
1994; Madigan et al., 1996; Fontaine et al., 2002; Tezel et al., 2004; Tezel and Yang, 2005).
Moreover, recent evidence reveals that a high level of glutamate is toxic to and results in
apoptosis of RGCs both in vivo if injected in vitreous, and in vitro when used as a treatment
of cultured retinal neuronal cells (Aoun et al., 2003; Zhang et al., 2004; Guo et al., 2005;
Guo et al., 2006). Glutamate is present in RGCs in very high concentrations and activates
several types of cell receptors, including NMDA receptors, that can enhance intracellular
levels of ROS and calcium concentrations (Chen and Diamond, 2002; Ullian et al., 2004)
that may lead to inappropriate activation of the apoptotic program. The generation of ROS
by these molecules has been associated with the activation and deactivation of several
survival factors (Rhee, 1993). Studies in a variety of experimental systems have
demonstrated that RelA containing NF-kB complex has an antiapoptotic effect (Barkett and
Gilmore, 1999). In glaucoma, NF-kB is highly activated in RGCs and has been suggested to
be proapoptotic (Kasibhatla et al., 1988; Schreck and Baeuerle, 1994; Pahl and Baeuerle,
1994; Kucharczak et al., 2003). Moreover, the levels of ROS are controlled by both their
rate of production and their metabolism. To cope with deleterious factors which enhance
levels of ROS, cells initiate expression and activation of various antioxidant enzymes
including peroxiredoxins (Spector et al., 2001; Reddy et al., 2004; Fatma et al., 2005; Ma et
al., 2006).

The peroxiredoxin (PRDX) family includes six known members (PRDX 1-6). Of particular
interest is PRDX 6 cloned by our group from human lens epithelial cells cDNA library
(Fatma et al., 2001). The PRDXs including PRDX6 use redox-active cysteine (Cys or C) to
reduce peroxides (Kang et al., 1998a, b; Chae et al., 1994; Fatma et al., 2001 and 2005).
PRDX6, a “moonlighting” protein, can protect cells from membrane, DNA, and protein
damage mediated by lipid peroxidation (Manevich et al., 2002). Prdx6 from human, rat,
bovine, and mouse tissues show 94% homology with conserved redox-active Cys47 residue,
and mutation of this residue abolishes its protective activity (Kim et al., 1988; Leyens et al.,
2003; Fatma et al., 2005). Advances in the field of gene/protein delivery with identification
of several protein transduction domains (PTDs) have made it possible to deliver proteins to
targeted cells or organs (Green and Loeewenstein, 1988; Frankel and Pabo, 1988). HIV-
TAT domain has 11 amino acids (aa; YGRKKRRQRRR) and has been shown to hold 100%
potential for intracellular delivery of proteins across the plasma membrane and the blood
brain barrier, and has been found to be biologically active (Mann and Frankel, 1991; Rustani
et al., 1997; Nagahara et al., 1998; Becker-Hapak et al., 2001). Taking advantage of the
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ability of the TAT transduction domain, we fused the PRDX6 cDNA with a gene fragment
encoding the TAT protein transduction domain in a bacterial expression vector, pTAT-HA
(a kind gift of Dr. Dowdy) to produce a genetic TAT-HA-PRDX6 fusion protein. Western
and immunoctochemical analysis revealed that TAT-HA-PRDX6 efficiently internalized to
RGCs. In the past several cell- culture based experiments have been conducted to disclose
the biological protective function and mechanism of action(s) of chemical/biomolecules and
have been found to show the same function in vivo (Ribeiro et al., 2003; Kwon et al., 2003;
Plaisant et al., 2003; Eum et al., 2005; Kim et al., 2005). Moreover, most of the cell culture
based experiments related to glutamate or TNF-α-induced toxicity have been conducted
using primary cultures of different sources, which are usually heterogeneous. Therefore, we
selected continuous cell lines, RGC-5 of neuronal origin (a kind gift of Dr. Agarwal) that
respond to glutamate or TNF-α, these factors are implicated for RGC death, either in terms
of cell death or physiological signals, to use as model system for the study of RGC death.
Recently it has been demonstrated that RGC-5 cells respond to glutamate treatment with
significant loss of viability (Maher and Hanneken, 2005), however, it requires higher
concentration of glutamate but provides similar response as primary RGC, suggesting that
this cell line may represent suitable model system to investigate some of mechanisms of
glutamate or TNF-α induced-RGCs insults and its attenuation by the application of PRDX6.

Our current study has disclosed the presence of all six known PRDXs in the RGCs, with
PRDX6 expressed at a higher level than the others. Hence, the present study was designed to
characterize and document the TNF-α- and/or glutamate-induced ROS-driven oxidative
damage to RGCs and the ability of PRDX6 in attenuation of death signaling produced by
these two stressors. Also, this study describes the regulation and regulatory role of PRDX6
in RGCs facing ROS-induced oxidative stress. Collectively, finding should provide a
foundation for rational use of antioxidant-based therapeutics for treating or preventing/
delaying RGC death.

Results
PRDX6 was localized in cytoplasm in RGC-5 and level of PRDX6 was higher than those of
other PRDX family members

Because localization patterns and expression levels of biomolecules indicate their putative
cellular function, we intended to determine the localization of PRDX6 in RGCs by using
RGC-5 cells. Immunostaining with PRDX6-specific antibody resulted in cytoplasmic
staining (Fig. 1, A, upper panel), while negative controls treated with neutralized PRDX6
antibody showed no staining, (Fig. 1, A, lower panel). We monitored expression levels of all
six members of the Prdx family in RGC-5, because comparative expression levels would
reflect their abundance, which in turn would indicate their specific importance. Real–time
PCR for all six peroxiredoxins (Prdx 1-6) revealed greater abundance of PRDX6 mRNA in
RGCs (Fig. 1, B), and the expression level of PRDX6 was higher than that of the other
Prdxs. Thus, in the present study, we elected to explore the putative protective role of
PRDX6 in RGC-5 facing TNF-α- and glutamate-induced oxidative insults. We recognize
that the expression of Prdx4 level (a secretary protein) is also high and next to PRDX6, and
may be involved in protecting RGCs against stressors, we will pursue that study in a
separate project. However, in current study we selected to study PRDX6 since it is highly
expressed in RGCs and RGC-5 and has glutathione peroxidase as well as aiPLA2 activities.
Later is unique quality of PRDX6 that is not acquired by other PRDXs members.

Immunohistochemical localization of PRDX6 in rat retina
Although RGC-5 is derived from rat retina and did bear higher PRDX6 expression, we
wished to know the expression pattern of PRDX6 in rat retina in situ. Results of
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immunohistochemical analysis are presented in Fig. 2 (paraffin section). The
immunostaining pattern revealed that PRDX6 was localized in retinal pigment epithelium,
outer and inner nuclear layers, outer plexiform, and ganglion cell layer. Spotted PRDX6
positive staining in the outer and inner nuclear layers suggested specific staining of certain
cells. Although we did not identify the cell specificity, based on the literature (Jin et al.,
2005) and localization pattern we surmised that PRDX6 may also be localized in the
astrocytes/glia. However, further work is required to show the PRDX6 localization pattern
in these layers to identify specific cell types. Our aim in the present study was to document
whether PRDX6 linked to TAT domain could attenuate the glutamate or TNF-α induced
death of RGC-5. Moreover, the RGC layer of retina was specifically stained with PRDX6
antibody, indicating that PRDX6 was indeed expressed in RGCs in vivo (Fig. 2 right panel).
No staining was visible with neutralized antibody (Fig. 2 left panel), validating the
specificity of localization pattern of PRDX6 and specificity of antibody. However, outer and
inner segments also showed staining, but this staining pattern was also present when PRDX6
neutralized antibody was used, suggesting that staining of these regions was non-specific. A
gap between RPE and the outer segment layer is artifact; during processing of the section
they were separated from each other due to mechanical stretch.

Concentration and time-dependent toxicity of glutamate and/or TNF-α on RGC-5
Glutamate and TNF-α have been implicated as causes of RGC death during glaucoma. We
sought to examine whether the RGC-5 model system was vulnerable to glutamate and TNF-
α toxicity. Using variable concentrations of glutamate and TNF-α to treat RGC-5 for
variable times, we found that applying increasing concentrations of either caused a dose-
dependent decrease in cell survival. Treatment with glutamate at 5 and 10 mM reduced the
survival rates by ~30% and ~50%, respectively (Fig. 3 A). Treatment with 25 mM of
glutamate was even more toxic to RGCs, and 95% of cells were dead when examined at
24hr (Fig. 3 A). These cells were photomicrographed and recorded (Fig. 3 B, a, b, c and d).
Notably, Cellular effects produced by TNF-α seem to be largely associated with its
concentration as well as the duration of its exposure to cells. Cell viability assay showed the
inhibition of cell growth and cell survival with treatment involving high dose of TNF-α
(100ng/ml) for 24hr and cell death increased with increasing exposure time, whereas lower
doses of TNF-α (10 and 20ng/ml) enhanced the cell growth up to observation period of 72hr
(Fig., 4 A) as well as 10 days (data not shown) compared to control (there was significant
death of untreated RGCs, but TNF-α-induced was significantly higher). In contrast, RGC-5
exposed to TNF-α at higher concentration (50 or 100 ng/ml) for 10 days displayed
significant inhibition of cell growth and increased cell death (Fig. 4, B) and these cells were
photomicrographed, and Fig. 4 C is representative of the experiment. Based on these results,
we decided to use 5 mM glutamate and 50 or 100 ng/ml TNF-α to induce toxicity and for
the evaluation of the protective efficacy of PRDX6 against these molecules.

RGC-5 exposed to glutamate and TNF-α showed reduced expression of PRDX6 and
elevated levels of ROS

Because TNF-α and glutamate induce the generation of ROS and thereby produces cell
injury by altering survival signaling to deleterious signaling (Tezel and Wax, 2000; Nucci et
al., 2005; Okuno et al., 2006) and PRDX6 protein provides cytoprotection against ROS-
induced oxidative stress, whether generated externally or internally by such physiological
stressors as growth factor/cytokines, we examined the levels of both ROS and PRDX6 in
RGC-5 treated with TNF-α or glutamate using H2DCFH-DA assay and Western analysis,
respectively. Results demonstrated that ROS level was significantly higher (Fig. 3, C and 4,
D) and expression of PRDX6 protein (Fig. 3, D) was reduced in RGC-5 exposed to
glutamate for 24hr. Surprisingly, lower doses of TNF-α (10, 20 or 50ng/ml) for 24 or 48
(data not shown) or 72hr upregulated the expression of PRDX6 in RGC-5 (Fig. 4 E, upper

Fatma et al. Page 4

Brain Res. Author manuscript; available in PMC 2012 November 05.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



panel), and did not significantly alter ROS levels (data not shown). Higher doses of TNF-α
significantly downregulated expression of PRDX6 in RGC-5 exposed for 72hr and longer,
and these cells displayed elevated levels of ROS (Fig. 4 D). These results suggest that in
acute stress induced by TNF-α (50 or 100ng/ml for 24hr, data not shown) or in presence of
sublethal doses for longer time (Fig. 4 E, 10 days; 20ng/ml), PRDX6 is upregulated to
counteract TNF-α induced cellular damage, but if stress is continued for a longer time (Fig.
4 E, 10days; 50 or 100ng/ml); chronic stress that may occur during the progression of
glaucoma, PRDX6 expression is attenuated. The finding indicates that PRDX6 expression
level plays an important role in survival of RGCs. Therefore, we decided to examine
whether an extrinsic supply of PRDX6 to the cells would show protective ability against
damage induced by TNF-α and glutamate.

TAT-HA-PRDX6 fusion protein was transduced into cells in a concentration-dependent
manner

From the above experiments, we believed that a reduced level of PRDX6 might be a cause
of higher ROS levels that in turn could induce RGCs death. To provide an extrinsic supply
of PRDX6 to RGCs, we prepared TAT transduction linked PRDX6, and evaluated the
transduction potential of recombinant TAT-HA-PRDX6 protein in RGC-5 as described in
Materials and Methods (Kubo et al., 2008). To this end, we cultured RGC-5 in 6 well plates,
and after 24hr supplied these cells with TAT-HA-PRDX6 protein (1μg, 2μg, 4μg and 8μg/
ml) by adding it to the culture medium. After 3hr cells were thoroughly washed several
times, and protein was extracted and used for Western analysis. We used anti-His HRP
antibody (Invitrogen) to monitor the internalization of TAT-HA-PRDX6 in cells. Western
analysis assay disclosed that TAT-HA-PRDX6 could be efficiently transduced into the cells
in a concentration-dependent manner (Fig. 5 A) as reported by others (Becker-Hapak et al.,
2001). Next we examined the duration of retention of TAT-HA-PRDX6 in these cells. We
added 5 μg/ml protein in culture media; protein was extracted after 1, 3, 24, 48, 72 and 96hr;
and Western analysis was performed. We found that recombinant protein was internalized
and could be detected inside the cells after 30 minutes (data not shown), and it was retained
in the cells at detectable levels up to 96hr (Fig. 5 B, Lanes L1–L5). We did not detect any
band when HA-PRDX6 only (without TAT) was added to the culture media (Fig. 5 A, Lane
L(s) and Fig. 5 B, C).

TAT-HA-PRDX6 attenuated glutamate- or TNF-α- or their synergistically-induced RGC
death

We sought to determine the efficiency and functionality of PRDX6 linked to TAT
transduction domain in attenuating gluatamate- or TNF-α- or their synergistically-induced
RGC toxicity. At the first step we used variable concentrations of TAT-HA-PRDX6 (2, 4
and 8 μg/ml) to assess their optimum concentration showing highest protection against these
two stressors (data not shown). To this end, 4μg/ml PRDX6 was found to optimum
concentration to nullify the toxic effects of glutamate and TNF-α. While PRDX6 supplied at
8μg/ml concentration was found to be toxic to cells (data not shown). Thus, we supplied
TAT-HA-PRDX6 (4μg/ml) or mutant TAT-HA-PRDX6 (Cystine (C)47 to Isoleucine (I)47)
to RGC-5 cultured in vitro. After 3hr, these pretreated cells were exposed to glutamate (Fig.
6 A, 5mM for 24hr) or TNF-α (Fig. 6 B, 100ng/ml for 24hr) or their combination (Fig. 6 C).
Survival assay (MTS assay) was performed; cell viability was determined and expressed as
the percent cell survival (Fig. 6 A, B and C). Results indicate that cell death occurred when
glutamate or TNF-α or their combinations was added (Fig. 6 A, gray bar B, stripped bar and
C, dotted Bar), but cells survived well in the presence of TAT-HA-PRDX6 protein (4 μg/
ml) (Fig. 6 A, B and C, white bars). Fig. 7A is a representative of the experiment
photographs of RGCs cultured with and without glutamate or glutamate plus TAT-HA-
PRDX6. Similarly, results of TNF-α, and combination of glutamate and TNF-α without
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TAT-HA-PRDX6 were photomicrographed and recorded (data not shown). Next, we
determined the type of cell death, whether necrosis or apoptosis, by performing TUNEL and
trypan blue assays. Results (Fig. 7 B) demonstrated that the percentage of TUNEL-positive
and trypan blue stained cells was significantly high following glutamate treatment, but TAT-
HA-PRDX6 transduced cells showed remarkably reduced cell death (apoptosis or necrosis)
after glutamate exposure. Cells exposed to TNF-α underwent apoptosis only (data not
shown).

TAT-HA-PRDX6 protected RGC-5 by limiting glutamate- and TNF-α-induced intracellular
ROS level

Higher levels of ROS are toxic to cells, while lower non-toxic levels are beneficial and
thereby play a part in cellular survival signaling (Hancock et al., 2001; Wood et al., 2003).
We envisaged that PRDX6, having GSH peroxidase activity, might exert its protective effect
by limiting the levels of intracellular ROS induced by TNF-α and glutamate as shown in
Figs. 3C and 4D. We delivered PRDX6 linked to TAT to RGC-5 cultured in vitro as
described in Material and Methods. We measured the levels of ROS in PRDX6-treated
RGCs following glutamate or TNF-α treatment. As expected, delivery of PRDX6 to RGCs
was able to reduce the level of glutamate or TNF-α induced intracellular ROS (Fig. 8 A and
B). Interestingly, the results also disclosed that cells exposed to glutamate displayed higher
“Fluorescence Unit” demonstrating that glutamate is more potent in generating ROS driven
oxidative stress that lead more RGC-5 death in comparison to TNF-α.

Supply of PRDX6 reduced TNF-α mediated over-activation of NF-κB
To test whether PRDX6 administration attenuates NF-kB activation in RGC-5 following
TNF-α treatment, we used transactivation assay in RGC-5 using pLTR-CAT construct
(EcoRI) (Kretz-Remy et al., 2001), which consists of binding sites for NF-κB (Fig. 9 A). We
found that a remarkable increase in the promoter activity following treatment with TNF-α
could be inhibited by a supply of TAT-HA-PRDX6 (Fig. 9 B), suggesting that PRDX6 has
the ability to reverse NF-kB mediated adverse signaling in RGCs. In a parallel
transactivation experiments with mutated construct pLTR-CAT (PstI) (Kretz-Remy et al.,
2001) where NF-κB binding sites are disrupted (data not shown), activity was not observed,
validating the earlier result. We believe that the overstimulation in promoter activity was
due to TNF-α induced ROS-driven oxidative stress. These results suggests that
overstimulation of NF-kB, one of causes of RGC death during progression of glaucoma, can
be attenuated by supplying PRDX6.

PRDX6 inhibited Ca2+ influx into RGC-5 following glutamate treatment
Glutamate-induced Ca2+ influx and oxidative stress are known to be involved in selective
death of RGC in glaucoma. Based on our results showing glutamate-induced reduced
expression of PRDX6 and higher ROS levels in RGCs (Figs. 3 and 4), we surmised that
permeability of plasma membrane would be altered, and thereby Ca2+ influx would increase
(Farber et al., 1990; Orrenious et al., 1992; Hallestrap et al., 1993). PRDX6 has acidic Ca2+

independent phopholipase activity that provides membrane protection (Manevich et al.,
2005). To test this, we measured calcium influx in RGCs treated or untreated with TAT-HA-
PRDX6 using the membrane-permeable fluorescent calcium indicator dye fluo-4 AM, as
described in Materials and Methods. Time series images were made by collecting
fluorescence images at a rate of 0.5 second. Analysis of confocal image files showed that
RGCs transduced with TAT-HA PRDX6 followed by glutamate treatment showed less Ca2+

mediated fluorescence (Fig. 10 A, c and d) compared to cells pretreated with mutant TAT-
HA-PRDX6 (Fig. 10 A, a and b). Results are presented in a histogram (Fig. 10 B). The
relative increase in fluorescence was calculated by dividing the pixel intensities of the image
during stimulation by the pixel intensities of the control image before stimulation (Fig. 10
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C). These results show TAT-HA-PRDX6 mediated protection against glutamate-induced
RGC death through the novel mechanism of limiting intracellular ROS levels and thereby
maintaining Ca2+ homeostasis.

Discussion
Oxidative stress driven by reactive oxygen species (ROS) and reduced expression of
antioxidant molecules have been implicated in the development of neurodegenerative
diseases, including glaucoma. When ROS exceed the antioxidant capacity, the accumulated
ROS-induced oxidative modifications of proteins, lipids, and DNA cause various
neurodegenerative processes. We believe that the progressive loss of RGCs in patients with
glaucoma is associated with the long-term effects of oxidative damage induced by ROS that
are locally generated by higher levels of glutamate and TNF-α within the cellular
microenvironment. In our research, RGC-5 exposed to TNF-α and/or glutamate in vitro
showed higher levels of ROS and reduced expression of PRDX6, and underwent
spontaneous apoptosis (Fig. 3, 4 and 7). In vivo studies in humans and animals have
demonstrated that TNF-α and glutamate released from glial cells and dead RGCs,
respectively, are responsible for RGC death (Garcia-Valenzuele et al., 1995; Quigley et al.,
1995; Yuan and Neufeld, 2003; Guo et al., 2006). In the present study, we observed the
increased expression of PRDX6 in the presence of lower, sublethal doses of TNF-α (Fig. 4)
and noted that, after withdrawal of TNF-α, these cells grew better in DMEM containing 5%
FBS than did untreated controls (Data not shown). In contrast, RGCs exposed to TNF-α
(100 ng/ml) for longer periods showed reduced expression of PRDX6 and increased cell
death (Fig. 4). Importantly, at every concentration tested, glutamate suppressed the
expression level of PRDX6 in RGCs. Thus our results demonstrate a novel mechanism of
TNF-α regulation of PRDX6, in which concentration and time of exposure of RGC-5 to
TNF-α play a pivotal role in determining the fate of the RGCs, which is associated with the
expression of PRDX6. Also, our present work has demonstrated that TNF-α- or glutamate-
induced elevated levels of ROS in RGCs is the major cause of cell death, and that the
increase of ROS is eliminated by a supply of PRDX6. As other PRDXs did not counteract
the changes in RGCs, we consider the role of PRDX6 to be major in those cells.
Furthermore, we found that acute stress induced by TNF-α is beneficial to RGCs, and TNF-
α confers this benefit by upregulating the level of PRDX6 as an adaptive control mechanism
that attenuates the extent of cellular ROS (Fig 4). In light of our findings, it is likely that
RGC death during glaucoma may be a cumulative effect of TNF-α and glutamate, both of
which produce ROS-driven oxidative damage (Duchen, 2000; Aoun et al., 2003;
Kaltschmidt et al., 2005; Henshall and Simon, 2005; Parfenova et al, 2006). Furthermore,
elevated levels of ROS have been observed in rabbit retina during ischemia induced by high
IOP, and there is evidence of elevated glutamate and TNF-α during ischemia and elevated
IOP (Tezel and Wax, 2000; Nucci et al., 2005). We recently reported that LECs deficient in
PRDX6 bear higher levels of ROS, are vulnerable to oxidative stress, and undergo
spontaneous apoptosis (Fatma et al., 2005). Collectively, our results suggest that the reduced
expression of PRDX6 in RGCs exposed to glutamate and/or TNF-α may be one cause of
RGC death. Moreover, ROS-driven oxidative stress has been related, to varying extents, to a
number of diseases and disorders. In fact, it is possible that most pathologies involve
oxidative stress, at least some extent, and this may occur due to suppression of antioxidant
such as PRDX6. Our present work has demonstrated that TNF-α and/or glutamate could
suppress PRDX6 expression that in turn led to RGCs death. Moreover, identification of
genes or their products involved in etiology of oxidant-mediated pathology has already led
to important insights into the cellular response to stress and mechanisms of oxidant damage
and will continue to do so as more and more involved genes are uncovered. These genes also
represent potential clinical targets for oxidant related disease and disorders. In present study,
we found hyperactivation NF-kB, a probable cause of RGC death. This activation of NF-kB
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could be reversed by a supply of PRDX6, suggesting death signaling initiated by oxidative
stress could be prevented by PRDX6, a “moonlighting” protein having GSH peroxidase and
acidic Ca 2+- independent phospholipase A2 (aiPLA2) activities.

Moreover, PRDX6 protects cells by removing ROS (Lim et al., 1993; Kim et al., 2000; Pak
et al., 2002; Fatma et al., 2005). Our results show that supplying PRDX6 to RGCs engenders
resistance against TNF-α- and glutamate-induced cell damage, by limiting ROS-driven
oxidative damage. Several lines of evidence indicate that PRDX6 confers this resistance by
attenuating ROS-mediated cellular damage (Fatma et al., 2005; Kubo et al., 2004 and 2008).
Because lower doses of TNF-α enhance the expression of PRDX6, we believe that TNF-α
mediated elevation of PRDX6 is physiologically important in maintaining normal
physiological function of cells. Earlier reports by our group and others have demonstrated
that cells exposed to lower doses of TNF-α display elevated PRDX6 expression (Kubo et al,
2006, Gallagher and Phelan, 2007). However, sensitive cells can be made resistant to TNF-α
challenge by prior exposure to sublethal concentrations of TNF-α (Planck et al., 1994;
Dicktion et al., 1995; Karsan et al., 1996; Mehlen et al., 1995). Also, cells overexpressing
several protective genes show significant resistance against TNF-α toxicity (Planck et al.,
1994; Dicktion et al, 1995; Mehlen et al., 1995; Karsan et al., 1996). These findings imply
that, under certain conditions, TNF-α leads to the induction of genes that provide cellular
protection. We observed higher expression of PRDX6 in these cells, and found that they
grew even better than control cells (untreated with TNF-α). Nevertheless, it is unlikely that
PRDX6 alone causes the overall increase in cell survival, because survival may also be
associated with other proteins, HSP27, or αB-crystallin, a negative regulator of death
signaling (Mehlen. et al., 1995).

Furthermore, glutamate is the main excitatory neurotransmitter and is present in RGCs in
very high concentrations. High glutamate concentration activates several types of cell
receptors, including NMDA receptors that can enhance intracellular levels of ROS as well as
Ca2+ influx that may lead to inappropriate activation of the apoptotic program (Aoun et al.,
2003; Zhang et al., 2004; Guo et al., 2005; Guo et al., 2006). Our results showed that RGC-5
exposed to glutamate revealed higher levels of ROS as well as Ca2+, and these cells
underwent spontaneous apoptosis. Accumulating evidence shows that oxidative stress
induced by glutamate causes an increase of cytosolic calcium concentration. This may occur
because elevated expression of ROS can change the permeability of cell membrane, and
disturbance of Ca2+ has been associated with cell death (Farber et al., 1990; Orrenious et al.,
1992; Halestrap et al., 1993). PRDX6 is a bifunctional protein with glutathione peroxidase
and aiPLA2 (acidic Ca2+-independent phospholipase A2) activities, and thus protects
membrane from oxidative damage (Manevich et al., 2005). We found that RGC-5 pretreated
with PRDX6 could maintain Ca2+ homeostasis, a novel biological function of PRDX6.
However, further work is required to more fully explore this role of PRDX6. Our study
found that RGC-5 treated with glutamate underwent apoptosis as well as necrosis. (Fig. 7).
Necrosis typically follows severe disruptions in Ca2+ homeostasis, characterized by large
increases in intracellular Ca2+ concentration, while apoptosis may be caused by smaller
increases. We used higher than normal physiological concentrations of glutamate to induce
toxicity in RGC-5 because RGC-5 appears to require higher concentrations before
displaying features similar to those of primary RGCs. This resistance of RGCs to oxidants is
associated with higher expression of antioxidants in these cells (Maher and Hanneken,
2005).

Furthermore, the generation of ROS has been associated with the activation and deactivation
of the transcriptional protein NF-kB (Pahl and Baeuerle, 1994; Kaltschmidt et al., 2005;
Mattson and Meffert, 2006). The modulation in the activity of NF-kB in neuronal cells is
strongly associated with cellular fate (Mattson, 2006), and NF-kB can have an antiapoptotic
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(Cheng et al., 1994; Mattson, 1997; Tamatani et al., 1999; Marchetti et al., 2004) as well as
a proapoptotic function, depending upon cell type or cellular microenvironment (Grilli et al.,
1996; Clemens et al., 1997; Schneider et al., 1999; Shou et al., 2000; Nurmi et al., 2004;
Charles et al., 2005). Importantly, in RGCs, activation of NF-kB has been found to induce
apoptotic signaling, and suppression of its activation significantly enhances the viability of
RGCs (Charles et al., 2005). Our results also vividly demonstrate that addition of PRDX6 in
RGCs attenuates NF-kB activation induced by TNF-α or glutamate (Fig. 9), suggesting that
PRDX6 can block the NF-kB-induced death pathway in RGCs. Within the retina, the TNF-α
gene may be subjected to autoregulation by activated NF-kB (Collart, 1990), and TNF-α
may generate increased expression of ROS. On the other hand, we found that lower doses of
TNF-α enhanced the expression of PRDX6 (Fig. 4), and these cells survived well. We
believe the survival of RGCs is associated with repression of NF-kB activation due to TNF-
α upregulation of PRDX6 in these cells during acute stress. However, hyperactivation or
inadequate activation of NF-kB in RGCs may be disastrous (Bhakar et al., 2002). Thus
modulation of NF-kB activation should be an important strategy for reducing cellular injury.
Overall, it appears that RGC death induced by glutamate or TNF-α should be associated
with hyperactivation of NF-kB as well as failure of calcium homeostasis due to higher levels
of ROS during glaucoma. Interestingly, we found that TAT-HA-PRDX6 was transduced in
RGCs, and protected the RGCs from TNF-α or glutamate induced oxidative stress (Fig. 5, 6,
7 and 8).

In conclusion, we have described a novel mechanism by which TNF-α and/or glutamate
induce ROS-driven RGC death that occurs due to a feed-forward-process within the local
microenvironment of RGCs during glaucoma. The process is driven by excessive release of
glial TNF-α and glutamate from dead RGCs, which further enhances the ROS-driven
oxidative stress. A supply of the antioxidant PRDX6 may attenuate RGC death by limiting
intracellular ROS and inhibiting Ca2+ influx and NF-kB activation. The present
characterization of the novel protective role of PRDX6 in attenuating toxicity to RGCs is an
initial step toward understanding the molecular mechanism involved in RGC death during
glaucoma. Further detailed studies will be needed to elucidate the mechanisms involved in
the PRDX6-mediated protection of RGCs.

Experimental Procedures
Culture of the Retinal Ganglion Cell

RGC5 (a kind gift from Neeraj Agarwal, University of North Texas Health Science, Fort
Worth, TX) were maintained in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 μl/ml streptomycin at 37°C
with 5 % CO2. The cells reaching confluency, were trypsinized and subcultured using 1:20
split. RGCs of 5 to 7 passages were used to carry out the experiments.

Immunocytochemical localization of PRDX6 in RGC-5
RGC-5 cells were grown on chamber slides (Nalge Nunc International, Naperville, IL).
Immunostaining was performed using PRDX6 specific antibody. Cells were fixed for 10
minutes in 4% paraformaldehyde, washed three times with PBS, and permeabilized with o.
1% Triton-X-100 in PBS for 5 minutes. After blocking, cells were incubated with PRDX6
monoclonal antibody (Lab Frontier, Seoul) overnight at 4° followed by addition of anti-
mouse Ig-TR (Texas Red conjugated) secondary antibody (SantaCruz Biotechnology). Cells
were viewed by fluorescent microscope (Nikon, Eclipse TE 2000-U) and microphotographs
were taken by MAGNAFIRE (a computer program). In control cells, neutralized antibody
was added to validate the results (Fatma et al 2001, Kubo et al., 2006).
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Immunohistochemical analysis of PRDX6 expression in rat retina
Immunohistochemistry was performed using the Tyramide Signal Amplification (TSA™)
Kit (Molecular Probes Inc., Eugene, OR), following the manufacturer’s protocol. Briefly,
retina were fixed in 4% paraformaldehyde in PBS, embedded in paraffin and sectioned at 4
μm. The specimens were incubated with blocking reagent and then exposed to the anti-
PRDX6 rabbit polyclonal antibody (Lab Frontier, Seoul) overnight, followed by incubation
in horseradish peroxidase-conjugated goat anti-rabbit IgG diluted to 1:100. Tyramide
working solution was applied to the specimens for 10 min. Negative controls were incubated
with PRDX6 protein-neutralized preparation.

Real-time PCR
To monitor the levels of Prdxs mRNA in mouse lens, total RNA was isolated using the
single-step guanidine thiocynate/phenol/chloroform extraction method (Trizol
Reagent;Invitrogen) and converted to cDNA using Supercsript II Rnase H− Reverse
Transcriptase. Quantitative real-time PCR was performed with TaqMan Universal Master
Mix (Applied Biosystems, Foster City, CA) in an ABI ® 7000 Sequence detector system
(Applied Biosystems). We used primers specific for Prdx 1 43 (forward, 5′-
ACACCCAAGAAACAAGGAGGATT-3′ and reverse, 5′-
CAACGGGAAGATCGTTTATTGTTA-3′), Prdx2 (forward, 5′-
AACGCGCAAATCGGAAAGT-3′ and reverse, 5′-AGTCCTCAGCA
TGGTCGCTAA-3′), Prdx 3 (Forward, 5′-GGCCACATGAACATCACACTGT-3′ and
reverse, 5′-CAAACTGGAACGCCTTTACCA-3′), Prdx 4 (Forward, 5′-
TCCTGTTGCGGACCGAAT-3′ and reverse, 5′-
GAAAGAAGCAGGTTGGGAGTGT-3′), Prdx 5 (Forward, 5′-
GAAAGAAGCAGGTTGGGAGTGT-3′ and reverse, 5′-
CCCAGGGACTCCAAACAAAA-3′), and Prdx 6 (Forward, 5′-TTGATGATAA GGG
CAGGGAC-3′ and reverse, 5′-CTACCATCACGCTCTCTCC C-3′). PRDX6 and GAPDH
primers were purchased from Custom TaqMan® Gene Expression Assays (Applied
Biosystems). The comparative Ct method was used to calculate relative fold expression
levels using the 7000 SDS ver1.1 RQ software (Applied Biosystems). The Cts of target
genes were normalized to the levels of GAPDH as an endogenous control in each group
(Fatma et al., 2005; Kubo et al., 2006).

Assay for intracellular redox state
Intracellular redox state levels were measured using the fluorescent dye, H2-DCFH-DA as
described earlier (Fatma et al., 2005; Kubo et al., 2008). Briefly, cells were washed once
with HBSS and incubated in the same buffer containing 5–10 μg of DCFH-DA for 30 min at
37° C. Intracellular fluorescence was detected with excitation at 485 nm and emission at 530
nm using Spectra Max Gemini EM (Molecular Devices, CA).

Cell survival assay (MTS and apoptotic cell assays)
A colorimetric MTS assay (Promega) was performed as described earlier (Fatma et al.,
2005). This assay of cellular proliferation uses 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2 to 4-sulfophenyl)-2H-tetrazolium salt (MTS; Promega, Madison,
MI, USA). Upon being added to medium containing viable cells, MTS is reduced to a water-
soluble formazan salt. The OD490 nm value was measured after 4 hr with an ELISA reader.

A TUNEL assay was employed to assess and validate apoptotic cell death. TUNEL staining
was performed using an in situ cell death detection kit, Fluorescein (Roche Diagnostics
GmbH, Germany), following the company’s protocol. Briefly, cells were washed with PBS
and fixed in freshly prepared 4% paraformaldehyde in PBS (pH 7.4), followed by incubation
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in permeabilization solution (0.1% Triton X-100, 0.1% sodium citrate) for 2 min on ice.
Cells were rinsed twice with PBS, and incubated in a TUNEL reaction mixture for 60 min at
37°C in the dark. Cells were rinsed three times with PBS. After mounting, samples were
microphotographed using a microscope (Nikon, ECLIPSE TE 300), and analyzed. To
determine the total dead cells, other than only the apoptotic cells, RGCs were stained with
trypan blue solution (0.4%), where non viable cells are stained with trypan blue which is
normally excluded by the live cells.

Expression and purification of TAT-HA-PRDX6 fusion protein
A full length cDNA of PRDX6 was isolated from human lens epithelial cell cDNA library
and cloned into TAT-HA prokaryotic expression vector and recombinant protein was
purified as described earlier (Kubo et al., 2008). Briefly, the host E. coli BL21 (DE3) was
transformed with pTAT-HA-Prdx6, and the selected colonies were cultured in a LB medium
containing ampicillin at 37°C. After the cells had grown until OD600 = 0.5–1.0, IPTG was
added to a concentration of 0.5 mM, and the incubation was continued for 4 hr. The cells
were harvested in binding buffer (50 mM NaH2PO4, 0.5 M NaCl, 10 mM imidazole, pH
8.0) and sonicated. After centrifugation, supernatant containing TAT-HA-PRDX6 was
immediately loaded onto a 2.5 ml Ni2+-nitrilotriacetic acid Sepharose column. After the
column was washed with 10 volumes of a binding buffer and six volumes of a washing
buffer (50 mM NaH2PO4, 0.5 M NaCl, 10 mM imidazole, pH 8.0), the fusion protein was
eluted with an elution buffer (50 mM NaH2PO4, 0.5 M NaCl, 250 mM imidazole, pH 8.0)
and dialyzed to remove immidazole. A batch of recombinant protein, TAT-HA-PRDX6 was
passed through Detoxi-Gel™ Endotoxin Removing Gel column (Pierce, Product No. 20344)
to remove endotoxin contamination, if any. The purified protein can be either used directly
for protein transduction or aliquoted and stored frozen in 10% glycerol at −80° C for further
use. Similarily, a mutant constructs of PRDX6 Cystine (C)47 to isoleucine (I) were prepared
using Site Directed Mutagenesis (SDM) with defined complementary primers (5′-
CTTTACCCCAGTGATAACCACAGAGCTTGGCAGAGC-3′).

Transduction of TAT-HA-PRDX6 fusion protein into RGCs
To test transduction efficiency of TAT-HA-PRDX6, RGC-5 were grown overnight on a six
well plate and then different concentrations of fusion protein (1, 2, 4. and 8μg/ml) were
added to the culture media. After incubation period of 30 min, 1, 3, 6, 24, 48, 72 and 96 hr.
cells were washed and harvested for the preparation of cell extract. Western analysis was
performed using anti-HisG HRP antibody (Invitrogen).

Western analysis
Cell lysates were prepared in ice-cold Radioimmune precipitation buffer (RIPA buffer), as
described previously (Fatma et al., 2005). Equal amounts of protein samples were loaded
onto a 10% SDS gel, blotted onto PVDF membrane, and immunostained with primary
antibody; PRDX6 monoclonal antibody (1:1000) or β-actin antibody (Sigma) (1:2000) or
anti-His antibody (Invitrogen) (1:5000). The membranes were further incubated with
horseradish peroxidase-conjugated secondary antibodies (1:1500 dilution) following
washing. Specific protein bands were visualized by incubating the membrane with luminol
reagent (Santa Cruz Biotechnology) and exposing to film (X-OMAT; Eastman Kodak).

Effect of L-Glutamate and TNF-α or their combination on RGC
The RGC-5 cells were seeded at 5,000 or 10,000 cells/well in 24 well plates in DMEM
containing 10% FBS. After 24 hr, cells were exposed to DMEM containing 0.2% BSA and
L-glutamate at varying concentrations (2, 5, 10 and 25 mM) for different time. Cell viability
was determined at 24 hr or onwards. Similarly, to examine the effect of TNF-α on RGC-5
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cells, cells were plated (1 to 5×104/well) in twenty four-well plates (Falcon) or onto 35mm
dishes for 24hr, washed twice, and replaced with DMEM with 0.2% BSA or 5% FBS and
TNF-α (Pepro Tech) at different concentrations (10, 20, 50 and 100 ng/ml) for variable time
(upto10 days). In parallel experiments, variable concentrations of TNF-α along with a fixed
concentration of glutamate or vice-versa were used to assay the combinatorial effect of these
molecules on cell viability. To determine the protective effect of TAT- HA-PRDX6, cells
were pretreated with TAT- HA-PRDX6 (4μg/ml). Cells were photomicrographed and cell
viability was determined using MTS assay at predefined time.

Determination of NF-κB activation using HIV-1LTR-CAT
HIV-1LTR-CAT constructs (a kind gift from Dr Carole Kretz-Remy, France) were used to
transfect RGC-5. HIV-1 promoter contains binding sites for many transcriptional factors
including NF-κB and can be up-regulated 12 to 150–fold following various stresses
including oxidative stress (Kretz-Remy et al., 2001). We used pLTR-CATWT, pLTR-CAT
EcoR1 (where two κB consensus sequences are mutated to perfect palendromic κB sites)
and pLTR-CAT Pst1 (where NF-κB sites are disrupted). We transfected cells with these
constructs and 24 hr later cells were treated with TNF-α at different concentrations. In
another set of experiment, cells were transduced with TAT-HA-PRDX6 before treatment
with TNF-α.

Measurement of intracellular Ca2+ concentration
Calcium was measured using the membrane-permeant fluorescent calcium indicator dye,
fluo-4 AM. RGCs (5.0 × 103 cells) were plated on cover slips overnight, transduced with
TAT- HA -PRDX6 (4ug) for 3 hr and treated with L-glutamate. For dye loading, cells were
incubated in Ringer solution (Nacl 140mM, Kcl 5.0 mM, Cacl2 2.0 mM, Mgcl2 0.5 mM,
HEPES 10 mM, Glucose 10 mM, pH 7.4) containing 10 uM Fluo-4 AM for 1h at 37°C. A
laser scanning confocal system (UltraVIEW LCI; PerkinElmer life sciences, UK) attached to
a micsoscope and equipped with a ion laser, was used to visualize Ca2+ mediated
fluorescence in the RGCs. The excitation illumination was 488nm and emitted fluorescence
was collected through a 515 nm long pass filter. Images were collected in standard confocal
modes using a transmitted light detector. Time series images were made by collecting
fluorescence images at a rate of 0.5 second. Confocal image files were analyzed by
computer (software). The relative increase in fluorescence was calculated by dividing the
pixel intensities of the image during stimulation by the pixel intensities of the control image
before stimulation. The cells were allowed 5 minutes to return to the resting level.

Statistical Method
Data are presented as means ± S.D. of the indicated number of experiments. Data were
analyzed by Student’s t-test when appropriate. A p value of <0.05 was defined as indicating
a statistically significant difference.
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Figure 1.
(A) Immuno- histochemical analysis of RGC-5 using PRDX6 antibody. Positive
imunostaining was observed in the cytoplasm of cells (A, upper panel). While in the control
cells stained with neutralized PRDX6 antibody, staining was not visible (A, lower panel).
(B) Quantitative real time PCR showing differential expression of Prdx1-6 mRNA in normal
RGCs. Total RNA was isolated and transcribed into cDNA. Real-time PCR was performed
using specific primers (see Experimental Methods). mRNA expression of each Prdx was
adjusted to the mRNA copies of GAPDH. Results indicate that mRNA expression level of
PRDX6 was significantly high in comparison to other PRDXs. However, Prdx4 is also
present at a significant level but could not provide protection against glutamate and/or TNF-
α induced RGC death.
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Figure 2.
Immuno-histochemical localization of PRDX6 in rat retina. Rat eye was paraffin-embedded
and sectioned after being fixed in 4% paraformaldehyde, and sections were immunostained
using antibody specific to PRDX6. Right panel; Green color of positive immunostaining was
observed. No staining was visible with neutralized Ab (left Panel) suggesting specificity of
antibody.
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Figure 3.
(A) MTS assay showing effect of Glutamate on viability of RGC-5. Cells were cultured in
24-well plate in DMEM containing 10% FBS. After 24 hrs, cells were washed and treated
with different concentrations (black bars 2, 5, 10 and 25 mM) of glutamate for a period of
24hr. Results are means ± SD of three individual experiments. *p< 0.05, **p< 0.001. (B)
Photomicrograph of RGCs with or without treatment of glutamate (B: b, c, d) showing
significant cell death compared to control (B; a). Arrow heads denotes dead cells. (C)
RGC-5 exposed to glutamate displayed higher levels of ROS (3 C, black bar). Intracellular
ROS levels were measured as described in Experimental Methods. (D) Western analysis
showing reduced expression of PRDX6 protein in RGC-5 treated with glutamate. Cells were
cultured in 6-well plates, and these cells were treated with glutamate at 5 mM. 24hr later
culture was terminated, cell extracts were prepared for Western analysis. A significant
diminution of PRDX6 protein level was observed (D, lane 2), while no change was detected
in the expression of β-actin level, suggesting glutamate specifically reduced the expression
of PRDX6.
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Figure 4.
(A and B) Concentration and time–dependent effect of TNF-α on viability of RGC-5. Cells
were cultured with or without TNF-α at different concentrations for variable time periods,
and cell viability was assessed by MTS assay. RGCs were treated with different
concentrations of TNF-α for 24hr (A, black bar), 72hr (A, stripped bar) and for 10 days
(Fig, 4 B: black bar). (C) Cells were culture and exposed to TNF-α for 10 days. Cells were
photomicrographed and (C, a and b) are representative of the experiment. (D) Histogram
showing effect of TNF-α on the expression of intracellular ROS in RGCs, Cells were treated
with TNF-α (100ng/ml) for 24 hr and ROS were measured with H2-DCFH-DA dye. OD,
optical dencity. Results are means ± SD of 3 experiments. *p<0.05, **p <0.001 vs. control.
(E) Western analysis showing modulation of PRDX6 protein expression in RGCs treated
with different concentrations of TNF-α for variable time periods. Cells were treated with
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different concentrations of TNF-α for 24, 48, 72hr and 10 days. Cell extracts were prepared
and Western analysis was carried out as described in Experimental Methods. Upper, left
panel (72 hr): Lane 1, untreated control; Lane2, 20ng/ml; lane3, 50ng/ml; Lane 4, 100ng/ml.
Upper, right panel (10 days): The same concentrations of TNF-α were used as described in
upper left panel (72hr). Results are derived from 3 different cell preparations. No change
was observed in β-actin expression level (lower left and lower right panels; β-actin band and
black bars), suggesting that modulation in expression of PRDX6 level is specific.
Histograms show relative density of protein bands. *p<0.05 and **P<0.001.
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Figure 5.
(A) Concentration dependent transduction of TAT-HA-PRDX6. Recombinant protein was
added to culture media and transduction of TAT-HA-PRDX6 was assessed after 24 hr. Cells
were washed, protein was extracted and used for Western analysis using anti-His HRP
antibody. Lanes, L1–L4: cell lysates from the cells cultured with 1, 2, 4, 8 μg/ml protein,
and lane L denotes the lysate extracted from cells cultured with HA-PRDX6 only. (B)
Western analysis showing stability of TAT-HA-PRDX6 transduced into RGCs. Lane, S:
culture media just after addition of recombinant protein (0hr); lane, S1: Culture supernatant
after 1 hr; Lanes, L1 to L5: Cell lysate after 1, 3, 24, 48, 72 and 96 hrs; C: Control (HA-
PRDX6 without TAT). Results revealed the intracellular transduction of TAT-HA-PRDX6
where as (HA)-PRDX6 with flag tag (HA) only could not internalize into cells (lane C).
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Figure 6.
MTS assay showing influence of TAT-HA-PRDX6 in protecting RGC-5 against glutamate
(A)- or TNF-α (B)- or their synergistically-induced cytotoxicity (C). Cells were seeded
(10K cells/well) in 24 well plates containing complete DMEM. An overnight culture of
these cells were subjected to varying concentrations of TAT linked PRDX6. Three hours
later cells were exposed to glutamate (A) or TNF-α (B) or glutamate plus TNF-α. After
24hr, cell viability was estimated using MTS assay. Protective ability of TAT-HA-PRDX6
is evident (white bars). Results are presented in percent survival. While TAT-HA-PRDX6
failed to attenuate glutamate, TNF-α and/or their synergistically-induced cytotoxic activity
against RGC-5 (Fig. 6, A: gray bar; B: stripped bar; C: dotted bar. Results are means ± SD
of three individual experiments. **; p< 0.001
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Figure 7.
(A) Photomicrograph of RGCs showing protective effect of transduced TAT-HA-PRDX6
against glutamate. RGCs were cultured over-night. Next day, cells were supplied with TAT-
HA-PRDX6. 3hr later these cells were exposed to 5mM glutamate. A: a, without glutamate;
b, with glutamate; c and d, glutamate plus TAT-HA-PRDX6. Arrow heads indicate dead
cells. Insets: glutamate induced apoptosis (b). (B) TUNEL and Trypan blue staining of
glutamate-induced RGCs death. Results disclosed that a supply of PRDX6 can spare RGC-5
from glutamate-induced apoptotic and/or necrotic cell death (TUNEL: black bars, Trypan
blue, necrosis: gray bars). Results are means ± SD of three individual experiments.
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Figure 8.
TAT-HA-PRDX6 attenuates glutamate-and/or TNF-α-induced elevated levels of
intracellular ROS, one of the causative factors of deleterious signaling. Cells were treated
with TAT-HA-PRDX6 (4ug/ml). 3hr later glutamate (5 mM) (A) or TNF-α (100 ng/ml) (B)
were added in culture. ROS was measured at different time periods using H2-DCFH-DA as
described in materials and methods. Results showing that a supply of 4μg TAT-HA-PRDX6
to RGCs could attenuate Glutamate- or TNF-α-induced over production of ROS Results are
a representative of the experiments. Results also disclosed that RGC-5 exposed to glutamate
generates more ROS than TNF-α (compare Fluorescence Unit Fig. 8 A and B). Results are
means ± SD of 3 individual experiments. **p <0.001 vs. control.
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Figure 9.
Extrinsic supply of TAT-HA-PRDX6 down-regulates NF-kB-dependent transcriptional
activation of HIV-1LTR in RGC-5 exposed to TNF-α. RGC-5 were transiently transfected
with HIV-1LTR-CAT construct (A) (see Experimental Methods). Cells were transduced
with TAT-HA-PRDX6 and after 3 hrs and treated with TNF-α (100 ng/ml). Transactivation
assay was performed after 72 hrs (B). Results indicate that NF-κB was up-regulated
following TNF-α treatment (black bar) but it was down-regulated when PRDX6 was
supplied to cells (gray bar).
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Figure 10.
PRDX6 inhibits Ca2+ influx into RGC-5 following glutamate treatment. Intracellular Ca2+
level was measured using the cell permeable Fluo-4 AM, fluorescent calcium indicator dye.
Cells were cultured on cover slips in DMEM medium with TAT-HA-PRDX6 or mutant
PRDX6 protein followed by glutamate treatment. (A) Fluorescent images were taken before
and during application of 100 μM glutamate without (a, b) or with 4 μg/ml TAT-HA-
PRDX6 (c, d). Pretreatment with TAT-HA-PRDX6 significantly reduced the increase in
Fluo-4 fluorescence produced by application of 100 μM glutamate indicating TAT-HA-
PRDX6 controls the glutamate-induced increase in Ca2+. (B) Histogram showing
fluorescent intensity of the cells treated with glutamate in presence (empty bar, **p <0.001
vs. control) or absence of TAT-HA-PRDX6 (black bar). (C) Graph showing fluorescent
intensity of cells at different time points (seconds).
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