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Cell Death of Rat Retinal Ganglion Cells
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Purpose: To assess whether the expression of heat shock protein 72 (Hsp72) protects rat retinal ganglion cells

(RGC-5) from apoptotic cell death.

Methods: Hsp72 expression in RGC-5 cells transduced with replication-deficient recombinant adenovirus was
analyzed by Western blot analysis and immunofluorescence. The effect of Hsp72 expression on etoposide-
induced apoptotic cell death was examined by microscopic analysis and confirmed by cell proliferation assay.

Results: Western blot analysis and immunofluorescence clearly showed adenovirus-mediated Hsp72 expres-
sion in RGC-5 cells. Treatment with etoposide resulted in the death of a proportion of the cells by apoptosis.
However, this apoptotic cell death was significantly reduced in cells expressing Hsp72, with the reduction in

cell death correlating to the level of Hsp72 expression.

Conclusions: Over-expression of Hsp72 alone is sufficient to rescue neuronal cells from apoptotic cell death,
suggesting that fine-tuning its expression may be an effective neuroprotective approach in retinal degenera-

tive disease.
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Glaucoma is a complex ocular disease characterized by
an optic neuropathy with excavation of the head of the op-
tic nerve [1]. The disease is the second most common cause
of bilateral blindness, affecting over 67 million people
worldwide. A hallmark of glaucoma is the progressive
death of retinal ganglion cells (RGCs), which is also a fun-
damental pathologic event in a number of other ophthalmic
diseases such as diabetic retinopathy. Physiologic axotomy,
excitotoxicity, oxidative stress, and other undefined factors
are common mechanisms involved in the death of RGCs
[2,3].

Heat shock proteins (Hsps) are evolutionarily well-con-
served, ubiquitous proteins found in all cells in all forms
of life. Hsps are normally present at low levels but their
expression is rapidly increased in response to a variety
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of harmful stimuli including hypoxia, ischemia, or other
types of metabolic stress as well as temperature elevation.
This phenomenon, known as the stress response, is thought
to be vital in the intracellular chaperoning function to as-
sist the proper folding of misfolded or mutated proteins
and thereby protect cells from death [4,5].

The present study investigated whether recombinant
adenovirus-mediated expression of 72 kDa heat shock
protein (Hsp72) can protect cultured RGCs from apoptotic
cell death. Hsp72, the inducible member of the 70 kDa
family, is one of the most abundant and best characterized
subsets of eukaryotic stress proteins [6]. Hsp72 is known
to be essential to cytoprotection after the stressful stimuli
described above and therefore served as an attractive can-
didate for gene therapy of degenerative disease including
glaucoma [7-9].

Materials and Methods

Adenovirus generation

A replication-deficient recombinant adenovirus express-
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ing human Hsp72 was constructed using the AdEasy sys-
tem (Qbiogene, Carlsbad, CA, USA). The cDNA for Hsp72
(approved gene symbol HSPA1A) was amplified by reverse
transcription-polymerase chain reaction (PCR) using total
RNA extracted from HeLa cells that were previously heat
shocked at 42°C for 30 minutes. The amplified product
was cloned into the pShuttle-CMV vector and verified by
sequencing. The vector was then transfomed into Esche-
richia coli strain BJ5183 together with the pAdEasy-1 vec-
tor that contains the entire adenovirus serotype 5 genome
except the El and E3 regions. The recombinant adenoviral
constructs were selected and transfected into the HEK-293
packaging cell line to produce viral particles. Viral titers
were determined by limiting dilution on 293 cells and the
absence of the Ela gene in the viral constructs was con-
firmed by PCR.

Cell culture

The rat retinal ganglion cell line, RGC-5, was originally
provided as a gift from Dr. Neeraj Agarwal (University
of North Texas Health Science Center, Fort Worth, TX,
USA). RGC-5 cells were maintained in medium containing
Dulbecco’s modified Eagle’s medium (Life Technologies,
Rockville, MD, USA), 10% fetal bovine serum, and antibi-
otics at 37°C in a humidified 5% CO,-95% air atmosphere.

Western blot analysis

RGC-5 cells grown to 70% confluence in a 24-well plate
were transduced with a recombinant adenovirus express-
ing Hsp72 for 2 hours at a multiplicity of infection (MOI)
of 5 to 50 plaque forming units (pfu) per cell. Forty-eight
hours after transduction, adherent cells were lysed with 0.4
mL of 1 x Laemmli sample buffer and boiled for 5 min-
utes. The protein samples were resolved by sodium dodesyl
sulfate polyacrylamide gel electrophoresis and transferred
to a nitrocellulose membrane. The membrane was blocked
with 5% skim milk overnight, incubated for 2 hours with
anti-Hsp72 antibody (Stressgen, Victoria, Canada), and
reacted for 2 hours with peroxidase-conjugated anti-mouse
antibody (Amersham, Buckinghamshire, UK), followed by
being probed with a chemiluminescence kit (Amersham).

Immunocytochemistry

RGC-5 cells grown in a chamber slide were transduced
for 2 hours at an MOI of 20 pfu per cell. Forty-cight hours
post-transduction, the cells were fixed with 4% parafor-
maldehyde, permeabilized with 0.5% Triton X-100, and
blocked with 2% bovine serum albumin. The cells were
then incubated for 2 hours with anti-Hsp72 antibody, re-
acted for 2 hours with Alexa Fluor 568-conjugated goat
anti-mouse IgG (Molecular Probes, Eugene, OR, USA),
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and counterstained with 4°,6-diamidino-2-phenylindole.

Cell viability assays

RGC-5 cells were dispensed in a 96 well plate at a con-
centration of 1 x 10* cells per well and transduced for 2
hours at an MOI of 5 and 20 pfu. The cells were washed,
replenished with 100 pL of media containing 5 to 20 uM
etoposide and cultured further. After 48 hours, 10 uL of
reagent for used in the cytotoxicity assay (WST-8; Dojindo,
Rockville, MD, USA) per well was added, and the ab-
sorbance at 450 nm was read by an automatic microplate
reader after 1 hour of incubation.

Results

To express Hsp72 exogenously in RGC-5 cells that are
not casily transfected by conventional methods, the cells
were transduced with a recombinant adenovirus express-
ing human Hsp72. Western blot analysis showed that pro-
tein bands of 72 kDa corresponding to Hsp72 were clearly
detected in lysates of cells transduced with a recombinant
adenovirus expressing human Hsp72. The intensities of the
bands were found to be in proportion to the degree of viral
transduction. In untransduced control cells, a faint band
equivalent to endogenous Hsp72 expression was barely
detectable (Fig. 1A). Immunocytochemistry yielded consis-
tent results showing that cytoplasmic staining for charac-
teristic Hsp72 expression could be detected exclusively in
transduced cells but not in untransduced cells, confirming
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Fig. 1. Recombinant adenovirus-mediated Hsp72 gene transfer
into RGC-5 cells. (A) A representative Western blot is shown of
Hsp72 expression in cells transduced with an adenoviral vector
carrying human Hsp72 ¢cDNA at the indicated multiplicity of
infection (MOI). (B) Representative photomicrographs are shown
of Hsp72 expression (red) in untransduced cells (right) or cells
transduced with an adenoviral vector at an MOI of 20 plaque
forming units (pfu) per cell (left). Blue fluorescence represents
nuclei stained with 4’,6-diamidino-2-phenylindole. Bar = 50 um.
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the adenovirus-mediated Hsp72 gene expression (Fig. 1B).
To examine the effect of Hsp72 on the death of RGC-
5 cells caused by apoptosis, the cells were treated with
etoposide immediately after viral transduction. Compared
with control cells (Fig. 2A), early cell death was seen in a
small proportion of cells in the culture without serum (Fig.
2B), and the degree of cell death was accelerated by the
treatment of etoposide (Fig. 2C). However, the etoposide-
induced cell death appeared to be blocked by Hsp72 ex-
pression, as observed by the enhanced viability of cells that
were transduced immediately before etoposide treatment
(Fig. 2D). To confirm the effect of Hsp72 on the survival
of RGC-5 cells, a cell proliferation assay was performed
on cells treated with etoposide following viral transduction
(Fig. 3). The rate of viable cells was reduced by 44.8 + 6.7%
and 80.8 £ 9.2% relative to control cells at 5 and 20 uM
etoposide, respectively. Viral transduction itself might be
toxic to cells because cell viability was slightly decreased
when Hsp72 was expressed in control cells. The Hsp72 ex-
pression, however, seemed to be protective to cells under-
going apoptosis in that the rate of cell death in the cultures
exposed to etoposide was progressively reduced as the
degree of viral transduction increased. At the highest level
of Hsp72 expression, the number of viable cells recovered
was increased by 24.0 = 3.1% and 94.1 £ 10.3% over that in
the control cultures at 5 and 20 pM etoposide, respectively.

Fig. 2. Effect of Hsp72 expression on etoposide-induced cell
death. Typical photomicrographs of RGC-5 cells were taken with
a phase-contrast microscope after 48 hours of culture with (A)
media containing 10% serum, (B) media without serum, (C) me-
dia without serum but containing 20 uM etoposide, or (D) media
without serum but containing an adenoviral stock equivalent to
an multiplicity of infection of 20 plaque forming units per cell as
well as 20 uM etoposide. Bar = 100 pm.
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Discussion

In this study, we addressed whether Hsp72 can protect
RGC-5 cells from apoptotic cell death. RGC-5 cells are the
only immortalized RGC cell line established to date and
are used widely in glaucoma research, although it is un-
certain whether the cell line is of mouse or rat origin [10].
To investigate directly the effect of Hsp72 on the death of
RGC-5 cells, it is necessary to express the protein exog-
enously in the cells. Like other cell lines, however, RGC-
5 cells show very low transfection efficiency. To overcome
this obstacle, we constructed a recombinant adenovirus
in which a human Hsp72 ¢cDNA is under the control of
the human cytomegalovirus promoter for its constitutive
expression and demonstrated that the viral vector was suc-
cessful in both transducing RGC-5 cells and expressing
its transgene inside the cells. We showed that the degree
of cell death by etoposide was inversely proportional to
the degree of viral transduction in the cells. Etoposide, an
inhibitor of topoisomerase II, is a well-known apoptosis-
inducing reagent [11]. Therefore, our results present direct
evidence for the cytoprotective ability of Hsp72 against
apoptotic cell death.

The protective role of heat shock was first described in
light-damaged rat retina and Hsp72 protein was identi-
fied as the entity primarily responsible for the response
[12,13]. A growing body of evidence has accumulated that
induction of Hsp72 is essential for neuronal tolerance to a
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Fig. 3. Quantitation of Hsp72-induced protection against etopo-
side-induced cell death. Cells were transduced with an adenovi-
rus and cultured with serum-free media containing etoposide.
After 48 hours, the cell proliferation rate was analyzed colori-
metrically using a cell counting kit employing WST-8. Similar
results were obtained in three separate experiments. Each column
and bar represents the mean + SEM from four wells. p <0.01, "p
< 0.001 vs. control (Student’s #-test). MOI = multiplicity of infec-
tion.



wide variety of stressful conditions including ischemic or
excitotoxic insults, seizure, oxidative stress, and apoptotic
stimuli [5,8,9]. The present study demonstrates that Hsp72
expression itself is sufficient to protect RGC-5 cells from
apoptotic cell death. Apoptosis, or programmed cell death,
of RGCs is one of the earlier signs of the pathogenesis of
glaucoma. Because inhibition of RGC death or a halt of its
progression is the key to glaucoma treatments, the ability
of Hsp72 to intervene in the process of apoptosis is attrac-
tive as a novel therapeutic intervention in glaucoma. Gene
therapy, which is a practical alternative to current thera-
pies that are limited to reduction of elevated intraocular
pressure, is an approach by which Hsp72 could be useful
in a clinical context. Recent studies reported that Hsp72
induction by zinc or geranylgeranylacetone administration
increased RGC survival in a rat glaucoma model, suggest-
ing that Hsp72 could be therapeutic for glaucoma [14,15].

The eye may perhaps be the first organ for which gene
therapy is used routinely in a clinical setting because it has
advantages such as well-defined anatomy with small size,
translucent media allowing excellent visual localization,
and easy accessibility by which therapeutic agents can be
delivered to the vicinity of cells with a particular defect
[16]. The replication-deficient adenovirus generated in this
study is a sophisticated gene delivery tool and such viral-
based vectors are expected to have enormous potential as a
mammalian expression system for gene therapy.

Recently, it has been reported that Hsp72 can be identi-
fied in the extracellular compartments and the extracel-
lular Hsp72 acts as a cytokine that induces inflammation
and modulates the innate immune response [17-20]. The
dual role of Hsp72 as a molecular chaperone and cytokine
suggests that fine tuning its expression may be a potential
route for a novel therapeutic approach to glaucoma and
other neurodegenerative diseases.
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