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Abstract: Glaucoma is a result of increased intraocular pressure leading to damage to retinal ganglion cells and
optic nerve axons. The aim of this study was to evaluate HIF-1 expression in optic nerve axons and retinal
ganglion cells in 42 eyes enucleated because of complete glaucoma compared to eyes removed because of injury.
The immunohistochemical reaction was done and specimens were examined under a light microscope. 57% of
cases presented HIF-1 expression in the optic nerve axons, and 52.3% in the retinal ganglion cells. 20 out of 42
(47.6%) cases were HIF-1 positive both in the optic nerve axons and in the retinal ganglion cells, and the stain-
ing was evident mostly in the nuclear and perinuclear area. Our present results indicate that HIF-1 expression in
hypoxic conditions in glaucoma might be a very crucial stage in damage to retinal ganglion cells and optic nerve
axons, and might be a successful target for the implementation of neuroprotective drugs. (Folia Histochemica et
Cytobiologica 2012, Vol. 50, No. 3, 456–459)
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Introduction

Glaucoma is an eye disorder resulting in the loss of
optic nerve and retinal ganglion cells that leads to
characteristic optic neuropathy blindness. The most
important risk factor is intraocular increased pressure.
There are many different subtypes of glaucoma (in-
cluding ‘open angle’ and ‘closed angle’ glaucoma), but
they can all be considered as types of optic neuropa-
thy [1]. Hypoxia in the optic nerve and retina is
thought to develop secondary pressure in glaucoma-
tous eyes, and is thought to be associated with patho-
genic mechanisms underlying optic nerve and retinal
ganglion cells degeneration in glaucoma. Improper
blood circulation in the retina and optic nerve has
been suggested as leading to retinal ganglion cell de-
generation and death in glaucoma [2].

Hypoxia-inducible factor 1 (HIF-1) is an oxygen-
regulated transcription factor that regulates oxygen
homeostasis. Under hypoxic conditions, HIF-1 regu-
lates the activation of various genes, including those
encoding erythropoietin, glucose transporters, vascu-
lar endothelial growth factor and other genes, which
increase oxygen supply or increase metabolic adap-
tation to the hypoxic condition. HIF is a heterodimeric
transcription factor composed of one of the three
oxygen-sensitive HIF-alpha subunits. In normoxic
conditions, HIF-alpha is bound to von Hippel-Lindau
protein and is damaged by ubiquitination and pro-
teosomal degradation. Specifically, recent results have
shown that the HIF pathway can be used as a thera-
peutic target, although there is still a long way to go
from bench to clinic [3–5].

HIF-1 expression in optic nerve axons and in ret-
inal ganglion cells has been presented in various stud-
ies; however, results are still equivocal. The aim of
our study was to evaluate HIF-1 expression in retinal
ganglion cells and optic nerve axons in glaucomatous
eyeballs.
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Material and methods

A total of 42 eyeballs were examined and enucleated in the
Department of Ophthalmology of the Medical University
of Bialystok over the period 2000–2010. All eyeballs were
removed from patients with absolute glaucoma, who suf-
fered from severe ophthalmalgia. The eyes were included
in the study in accordance with the Declaration of Helsinki
for research involving human tissue. Two eyeballs were tak-
en as a control to the glaucoma cases; both were enucleated
on the same day as the trauma.

After enucleation, the eyeballs were fixed in a 10% buff-
ered formalin solution, embedded in paraffin at 56°C, then
cut into 5 μm slices and stained with hematoxylin and eosin
(H + E). Following deparaffinization, endogenous peroxi-
dase activity was quenched by 3% hydrogen peroxide in
methanol for 60 minutes. Nonspecific staining was prevent-
ed by pre-incubation with normal blocking serum. The sec-
tions were then incubated with mouse monoclonal antibody
for HIF-1 a (sc 53546, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) in 1:75 dilutions, overnight at 4°C and la-
beled with EnVision (DAKO) enzyme reagent and diami-
nobenzidine (DAB) chromogen for 5 minutes.

Sections incubated without primary antibody were pre-
pared as the negative control. Renal clear cell carcinoma
specimens, which strongly express HIF-1 were taken as pos-
itive control.

Two independent pathologists performed the immuno-
histochemical evaluations of HIF-1. The estimation of im-
munostaining was done under a light microscope in repre-
sentative fields at a magnification of 20 ×. Specimens were
considered immunopositive when 10% or more of the ax-
ons and retinal ganglion cells were clearly labeled HIF-1.
The obtained results were statistically analyzed using Spear-
man’s and Pearson’s tests.

Results

The age for the glaucoma group ranged between
22–87 years, with 32 men and ten women. Five pa-
tients from the glaucoma group were suffering from
hypertension, and five patients from coronary dis-
ease. Both patients with eye trauma were otherwise
healthy.

HIF-1 expression was observed not only in the
nuclear region of retinal ganglion cells, but a strong
granular cytoplasmic reaction was also observed both

in retinal ganglion cells and in optic nerve axons.
(Table 1).

HIF-1 expression was observed in 24 out of 42 cas-
es (57.1%) of optic nerve axons of glaucomatous eye-
balls; 19 of them (45.2%) presented weak but diffused
reaction categorized as (+); five of the positive cases
(11.9%) were categorized as (+ +) because of very
strong, diffused HIF-1 immunostaining (Figure 1).

In the retinal ganglion cells, HIF-1 expression was
noticed mostly in the nuclear and perinuclear region
as a granular staining (Figures 2, 3). 22 out of 42 cas-
es (52.3%) were positive for HIF-1, and two of them
presented very strong granular expression categorized
as (+ +). In 20 out of 42 cases (47.6%), we observed
HIF-1 positive immunohistochemical reaction both
in retinal ganglion cells and optic nerve axons.

Retinal ganglion cells and the optic nerve axons
taken from the trauma injury eyeballs did not present
HIF-1 expression (Figure 4).

Discussion

In glaucomatous optic nerve axons and retinal gan-
glion cells, increased apoptosis is often observed as
a result of increased intraocular pressure, causing ir-
reversible damage to the optic nerve axons and, in
consequence, resulting in vision loss. The major role
in this pathway is assigned to proapoptotic proteins
such as Bak and Bax, as well as enzymes like caspase-3
[6]. However it might also be a consequence of the
activation of other factors such as HIF-1, which might
occur in glaucomatous eyes as a consequence of hy-
poxia.

Our present study showed that nearly half of the
examined cases presented HIF-1 expression, both in
retinal ganglion cells and optic nerve axons. Strong
HIF-1 immunoexpression was observed both in the
glaucomatous optic nerves and in the nuclear and
perinuclear region of the retinal ganglion cells. No
injured eyeball presented HIF-1 expression, either in
the retinal ganglion cells or in the optic nerve axons.
It is very difficult to find unequivocal results in re-
cent studies. Similarly to our study, Tezel et al. also
found an increase in immunostaining for HIF-1 al-
pha in the retina and optic nerve head of glaucoma-
tous donor eyes compared to control eyes, conclud-
ing that tissue hypoxia is present in the retina and

Table 1. HIF-1 expression in optic nerve and retinal ganglion cells in glaucoma

HIF-1 – + + + Total number (%)
expression Number (%) Number (%) Number (%)

Glaucomatous optic nerve 18 (42.9) 19 (45.2) 5 (11.9) 42 (100)

Retinal ganglion cells 20 (47.6) 20 (47.6) 2 (4.8) 42 (100)
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optic nerve head of glaucomatous eyes, and hypoxic
signaling is a likely component of the pathogenic
mechanisms of glaucomatous neurodegeneration [2].
Also, Mowat et al. observed strong HIF-1 expression
in the neuronal cells through the inner retinal layers
during hypoxia [7]. Gui et al. presented significantly
decreased HIF-1 mRNA expression after erythropoi-
etin treatment, suggesting its protective role to the
injured retina by chronic intraocular hypertension [5].

Completely different results have been presented
Savagian et al., who observed that neither control eyes
nor specimens from the eyes with acute glaucoma had
nuclear staining for HIF-1alpha in the retinas [8]. We
find it very interesting that Zhu et al. [9] observed
decreased HIF-1 expression in retinal ganglion cells
after pilocarpine treatment of glaucomatous eyes,
suggesting, similarly to Arjamaa et al. [3], that the
HIF-1 alpha pathway as a ‘master switch’ could be

Figure 3. Strong HIF-1 expression observed in retinal
ganglion cells compared to other retinal layers in a glauco-
matous eye. Magnification × 100

Figure 4. Eyeball enucleated on the day of injury. Retinal
ganglion cells and other retinal layers presenting negative
immunostaining for HIF-1. Magnification × 100

used as a therapeutic target in the treatment of glau-
coma. Whitlock et al. discovered that HIF-1 activates
shock proteins, including Hsp27, protecting the rat
retina from ischemic injury [10]. These findings were
significant, because it was the first time HIF-1 activa-
tion has been associated with the protective effects
of the retinal ganglion cells in glaucoma.

Our present results and other studies show that
HIF-1 expression in hypoxic conditions in glaucoma
might be a very crucial stage in retinal ganglion cells
and optic nerve axons damage, and might be a suc-
cessful target for the implementation of neuropro-
tective drugs.
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