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Abstract 
Aim: This paper examined the role of apoptosis in human retinal 
degenerations including pat hologic myopia, age-re lated macular 
degeneration, serous retinal detachment, retinal lattice and paving stone 
degeneration. 

Materials and methods: Thirty-seven autopsy human eyes and seven 
surgically enucleated human eyes with one of the above mentioned 
retinal degenerations were studied by histopathology and by TdT 
mediated biotin-dUTP nick-end labelling (TUNEL) technique. 

Results: TUN EL labelling characteristic DNA fragmentation of 
apoptosis was observed in photoreceptor cells in 2 of the 4 eyes with 
pathologic myopia and in 4 of 16 eyes with age related macular 
degeneration, two of which were exudative and two of which were 
atrophic. However, only few scattered photoreceptor cells were 
labelled in 4 of 8 eyes with serous retinal detachment secondary to 
malignant melanoma of choroid. Moreover, none of the photoreceptor 
cells in the 4 eyes with retinal lattice degeneration and 6 eyes with 
retinal paving stone degeneration were labelled. 

Conclusions: Apoptosis is one of t he important pathways of 
photoreceptor cell degeneration in pathologic myopia and age-related 
macular degeneration. 

Introduction 
Photoreceptor cell death is a hallmark of a number of types of macular degen­
eration, such as age-related macular degeneration, myopic macular degenera­
tion, photic maculopathy, traumatic maculopathy, cone-rod dystrophy and 
others.1-3 It is also found in some forms of peripheral retinal degeneration, 
such as paving stone degeneration and lattice degeneration. However, the 
mechanisms of photoreceptor cell death have not been determined. Under­
standing the mechanisms of the photoreceptor cell death should lead to addi­
tional avenues for photoreceptor rescue. 

Apoptosis, also termed programmed cell death, is a specific form of cell de­
mise initiated by an endogenous cellular process.4 Apoptosis (from the Greek 
word, "falling off') is widely observed in the biological world, ranging from 
the fal ling of leaves in the autumn to metamorphosis of caterpiUar to butter­
fly, to regression of the lactating mammary glands. This type of programed 
cell death is believed to be triggered by a gene or sets of genes and is com­
monly seen in embryological, physiological or pathological processes. In 
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embryogenesis, the siz.e and shape of organs are regulated by selective dele­
tion of cells by apoptosis. In physiological programs, apoptosis leads to hor­
mone-mediated regression of uterine epithelium in menstruation, regression 
of lactating mammary gland, deletion of certain lymphocytic clones, and oth­
ers. In pathologic conditions, apoptosis is seen in radiation injury, tumor re­
gression in retinoblastoma, ageing conditions such as Alzheimer's disease 
and hereditary degenerations such as retinitis pigmentosa. This process is char­
acterized biochemically by double-stranded DNA degradation in which the 
genome is cleaved at the internucleosomal sites, producing fragments of mul­
tiples of 180 - 200 base pairs, which may be demonstrated by agarose gel 
electrophoresis as a ladder pattern. The endonuclease, which brings about the 
DNA degradation, is calcium- and magnesium-dependant. This process ap­
pears to require de nova protein synthesis and may be triggered by a rise in 
intracellular calcium levels. Morphologically, apoptotic cells characteristi­
cally exhibit condensation of chromatin at the nuclear periphery, nuclear dis­
integration, reduction in nuclear size with formation of apoptotic bodies and 
progressive degeneration of the residual nuclear and cytoplasmic structures. 

This form of cell death has recently been recognized in conventional histo­
logic sections of various organs by Gavrieli and associates5 by an in situ method 
of visualization of nuclear DNA fragmentation. This DNA nicked-end label­
ling with biotinylated dUTP after incubation with a terminal deoxynucleotidyl 
transferase (TUNEL) is useful to identify fragmented DNA and apoptosis. 
TUNEL labelling detects DNA fragmentation at the single cell level. 

In recent ophthalmic literature, apoptosis of photoreceptor cells has been 
observed in embryo logic development of human retina,6 photic retinopathy ,7 

retinoblastoma,8 retinitis pigmentosa,9 hereditary retinal dystrophy of RCS 
rats, 10 retinal degeneration of rd and rds mice, 11 and transgenic mice express­
ing a rhodopsin mutation that causes retinitis pigmentosa in human and oth­
ers.12 In a more recent article, degeneration of photoreceptor cells, especially 
the cone cells, was observed in human traumatic detached retina.13 

This article presents further evidence of apoptosis cell death in the human 
photoreceptor degeneration in myopic macular degeneration, age-related macu­
lar degeneration, and serous detachment of retina secondary to choroidal 
malignant melanoma. It appears that apoptotic cell death is a common form 
of photoreceptor cell death in many retinal degeneration. 

Methodology 
Case selection 
Thirty-seven enucleated human eyes, 30 from autopsy of Chinese patients at 
the Prince of Wales Hospital in Hong Kong and 7 from surgical enucleation 
from the Georgiana Theobald Ophthalmic Pathology Laboratory, UIC Eye 
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Figure 1. Retina of RCS rat (positive control and negative control). 
A. Retina of a 35-day-old RCS rat, the outer and inner segments were grossly 

misaligned (arrowheads). (H&E, x400) 
B. A great majority of the photoreceptor nuclei were labelled by the TUNEL 

technique. Most of the nuclei were labelled with a ring configuration 
(arrowheads). (x400) 

C. Negative control for TUNEL technique. (x400) 

Figure 2. Pathologic myopia 
A. In the macular area, markedly atrophic choroid and RPE were noted 

(arrowheads). The overlying ONL was reduced to 1 to 2 nuclei thick 
(arrow). (H&E, xlOO) 

B. Most photoreceptor cells had lost their outer segments (arrows). 
(H&E,x400) 

C. Scattered photoreceptor cells were labelled (arrows) by TUNEL 
technique showing evidence of apoptosis. (x400) 
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Centre, Chicago, were examined in this study. Four 
eyes exhibited pathologic myopia with axial length 
greater than 28 mm. Sixteen eyes had age-related 
macular degeneration (ARMD). Four eyes showed 
peripheral retinal lattice degeneration. Six had pe­
ripheral retinal paving stone degeneration and 
7 eyes exhibited serous retinal detachment second­
ary to choroidal malignanl melanoma. 

Tissue preparation 
All eyes were cut in horizontal strips (6 x 9 mm) with 
optic discs and macula fixed in 10% buffered 
formaldehyde, dehydrated and embedded in paraf­
fin. Serial paraffin sections of six micron thick were 
cut. The sections were stained with hematoxylin­
eosin and were examined by light microscopy. 

TdT-mediated biotin-dUTP nicked-end 

labelling (TUNEL) 
We studied these human eyes by the TdT-mediatcd 
biotin-dUTP nicked-end labelling (TUNEL) tech­
nique. Apoptosis Detection Kil (S7100-Kit, Oncor 
Co., lac.) was used for DNA nick-end labelling. For 
positive control, sections from the retina of a 35-day­
old RCS rat were used in each group (Figure I). In 
addition, one normal retina from a 65-year-old hu­
man (the time interval between death and eyeball fixa­
tion was 72 hours) was used for TUNEL labelling to 
determine if post-mortem body storage time might 
have an effect on TUNEL labelling. As a negative 
conu-ol, adjacent serial sections of retinas were pro­
cessed for TUNEL labelling following the standard 
procedure but omitting incubation with TdT or 
biotinylated dUTP in TdT buffer during DNA nick­
end labelling. 

Figure 3. Pathologic myopia 
A. At the equatorial area, note absence of choriocapillaris and markedly atrophic RPE. A few 

remaining photoreceptor nuclei extruded from the outer limiting membrane into the subretinal 
space. (arrows). (H&E, x400) 

B. The photoreceptor nuclei, extruded from the outer limiting membrane, were labelled (arrows) 
by TUNEL technique. (x400) 

Results 
Pathologic myopia 
In 4 autopsy eyes, a diagnosis of pathologic myopia 
was made by gross and histopathologic features. 
Grossly, these eyes showed increased ax ial length 
which ranged from 28 to 31 mm with posterior 
staphyloma and scleral thinning. A tilted optic disc, 
myopic crescent, and liquefaction and posterior de­
tachment of the vitreous were observed in all 4 eyes. 
The peripheral retina in these eyes displ.ayed extensive 
pigmentary degeneration. Paving stone retinal degen­
eration was observed in 1 eye. Histopathologically, 
the retina was markedly thinned in all 4 eyes, espe­
cially in the posterior pole. Schisis of retinal nerve 
fiber layer was noted in the equatorial area in 2 eyes. 
The iill1er nuclear layer was unremarkable in 4 eyes. 

Figure 4. Pathologic Myopia 
A. Temporal to the macular area, some of the photoreceptor cells were devoid of outer and inner 

segments and lined the Bruch's membrane. (arrows). (H&E, x400) 

Reduction of the outer nuclear layer (ONL) was noted B. These photoreceptor nuclei were labelled (arrows) by TUNEL technique. (x400) 

in all 4 eyes, e.specially at the posterior 
staphylomatous area. In focal areas of the macula, the ONL was reduced to 
l to 2 nuclei thick (Figure 2). There was shortening of the outer segments 
and inner segments or focal total loss of these photoreceptor elements 
(Fig 3 and 4). Some photoreceptor cells were dislodged into the sub-retinal 
space. The peripheral retina showed cystoid degeneration in all 4 eyes. The 
RPE cells were remarkably atrophic or absent focally in the poste1ior pole. 
The markedly atrophic choroid exhibited attenuation and absence of the 
choriocapillaris at the posterior pole. The scleral thickness was markedly 
reduced in these eyes, especially at the posterior pole. 

In the TUNEL labelling study, 2 of 4 eyes with pathologic myopia showed 
positively labelled photoreceptor nuclei, some of which were labelled ho-
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mogeneously , and others were labelled with a ring configuration. The scat­
tered labelled photoreceptor cells were more prominent at the macular area 
than those at the equatorial and peripheral retina. Loss of the photoreceptor 
elements was a common feature in the labelled photoreceptor cells. Some 
dislodged photoreceptor cells in the sub-retinal space were also labelled. The 
TUNEL positive photoreceptor nuclei were usually observed in areas where 
marked reduction of the thickness in the ONL was noted. In addition, a few 
cells in the inner nuclear layer (INL) were also labelled in l eye. 

Two of the four eyes with pathologic myopia showed no TlJNEL labelling in 
any of their retinal cells. One of them had cataract extraction operation be­
fore death. 
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Age-related macular degeneration 
Sixteen eyes were diagnosed with exhibiting ARMD by histopathologic cri­
teria. All eyes had normal inner limiting membrane, nerve fiber layer, gan­
glion cell layer, and INL, and pathologic findings were limited to the outer 
retinal layers. There was mild to severe reduction of ONL thickness in the 
macular area in 12 eyes. In each of these 12 eyes, atrophic RPE, drusen, (Fig­
ures 5 and 6), and irregularly thickened Bruch's membrane consistent with 
the atrophic form of ARMD were observed. In each of the 4 eyes, a sub­
retinal or sub-RPE neovascular membrane was noted (Figure 7). The ONL of 
these eyes was reduced to 1 or 2 nuclei thick or totally disappeared focal! y. 

Shortening of the outer and the inner segments of photoreceptor cells or total 
loss of these structures was common. Some photoreceptor cells were dislo­
cated into the sub-retinal space. Fragmentation and marginacion of the chro­
matin in photoreceptor cells were also noted occasionally. 

In the TUNEL labelling study, 4 of 16 ARMD eyes showed positively la­
belled photoreceptor cells. Two of these 4 exhibited an exudative form of 
ARMD and the other 2 had atrophic form of ARMD. The labelled photore­
ceptor cells showed a scattered distribution. Most were labelled homoge­
neously, and a few were labelled with a ring configuration. Some labelled 
photoreceptor cells were found in the sub-retinal space. Loss of the photore­
ceptor elements was a characteristic of these labelled photoreceptor cells. 
The labelled photoreceptor nuclei were usually observed in the areas where 
marked reduction of thickness in the ONL was seen. In addition to the la­
belled photoreceptor cells, a few cells in the INL were also labelled in 1 eye. 

Figure 5. Drusen of Retinal Pigment Epithelium Figure 6. Atrophic Macular Degeneration 

A. Large drusen (arrow) overlaid by thinned RPE, 
and moderate thinning of the outer nuclei layer 
were seen. (H&E, x200) 

B. Scattered photoreceptor nuclei were labelled 
(arrows) by TUNEL technique. (x400) 
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A. Macular area showing moderate thinning of the overlying outer nuclear layer. One 
drusen (arrowhead) was noted beneath thinned RPE. Some photoreceptor nuclei were 
dislocated into the inner segments (arrows). (H&E, x400) 

B. B, C and D scattered photoreceptor nuclei were labelled intensely homogeneously 
(arrowheads) or with a ring configuration (arrow) by TUNEL technique. (x400) 
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Serous retinal detachment 
Clinical diagnosis of serous retinal detachment secondary to choroidal malig­
nant melanoma was made in 7 eye and confirmed histopathologically. All of 
the choroidal malignant melanomas were of the mixed cell type. The melano­
mas were observed on the posterior pole in 6 eyes, and l turner arose from the 
ciliary body and anterior peripheral choroid. The size of the tumors varied 
from 7 x 7 x 6 mm to 16 x 14 xll mm, and all the malignant melanomas 
invaded Bruch's membrane and extended into the sub-retinal space and the 
overlying retina. The tumor extended into the vitreous cavity in 2 cases and 
into the optic nerve head in 3 cases. The optic nerve heads were atrophic and 
gliotic in 2 eyes. In 2 other eyes, the optic nerve heads were hemorrhagic and 
swollen. In 4 of 7 eyes, vitreous hemorrhage was observed. 

A 

·- .,, ,. .· ~..........::.., ' 

Figure 7. Age-related exudative macular degeneration. 
A. A distinct fibrov3S<.ular membrane was noted in the sub-retinal space. 

(between long arrows). (H&E, xlOO) 
B. Photoreceptor cells in the marked atrophic outer nuclear layer, which 

had only one or two rows of remaining photoreceptor cells, exhibited 
loss of outer and/or inner segments (short arrows). Margination of 
the chromatin in photoreceptor nuclei was ooted (long arrow). (H&E, 
x200) 

C. Scattered photoreceptor nuclei were labelled (arrows) and some cells 
ofINL were also labelled (arrowheads) by TUNEL technique. (x400) 
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The RPE overlying the turners showed marked atrophic degeneration or reac­
tive proliferation. Drusenoid deposits on the Bruch's membrane were noted 
in 6 eyes. In all 7 cases, the retina overlying the turner showed cystoid degen­
eration. The architecture of the retina was markedly disrupted in 3 eyes. 
Extensive serous retinal detachment with pigment-laden macrophages scat­
tered throughout the sub-retinal space was found in all eyes (Fig 8). Exten­
sive or focal loss of photoreceptor cells in the serously detached retinas was 
seen in all retinas. 

In the TUNEL study, few scattered photoreceptor cells were labelled in 4 
eyes. Some labelled photoreceptor cells were dislocated into the sub-retinal 
space, and showed loss of the photoreceptor elements. Labelled photorecep-

Figure 8. Serous retinal detachment secondary to malignant 
melanoma of choroid. 
A. Serous retinal detachment (arrowhead) secondary to 

malignant melanoma of choroid (arrow, mixed cell type). 
(H&E, xlOO) 

B. In the detached retina, edema ofONL was noted (arrowheads). 
(H&E, x400) 

C. Scattered photoreceptor nuclei were labelled with a ring 
configuration (arrowheads) by TUNEL technique. (x400) 
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Figure 9. Peripheral retinal lattice degeneration. 
A. In the degenerated area, disorganised retina with marked thinning of 

the inner and outer nuclear layers was seen (arrowheads). A sclerotic 
and occluded retinal artery within the lesion was surrounded by 
proliferated RPE cells (long arrow). A preretinal glial membrane 
overlying the lesion was noted (short arrow). (H&E, x200). 

B. No retinal cells were labelled by TUNEL technique. (x200) 

tor cells were usually observed in areas where marked reduction of thickness 
of the ONL was seen. Scattered labelled tumor cells were also noted in 2 of 
the 7 choroidal malignant melanomas. 

Retinal lattice and paving stone degeneration 
Peripheral retinal lattice degeneration was observed in 4 eyes that were other­
wise normal. Grossly, the lesions appeared as circumscribed atrophic areas 
with sharp edges, located between the equator and the ora serrata. A few 
whitish blood vessels crossed the lesional areas, where pigment deposition 
was also observed. Histopathologically, the retinas were moderately thinned 
and showed atrophy and degeneration of all retinal layers, especially the 
inner nuclear layer (Figure 9). Thickened and sclerotic retinal blood vessels 
were focally surrounded by proliferated pigment epithelial cells. The overly­
ing vitreous was liquefied with condensation and adherence of vitreous strands 
at the edges of the lesions. In some eyes, a glial membrane overlying the 
anterior surface of the atrophic retina was also seen. 

Retinal paving stone degeneration was observed in 6 eyes which were other­
wise normal. Grossly, these peripheral retinal lesions were ovoid in shape, 
occurring singly or in groups. They were located posterior to the ora serrata. 
Prominent choroidal vessels were observed at the base of the lesions. Micro­
scopic examination of the lesions revealed thinning of the retina, especially 
the outer nuclear layer with distinct atrophy of RPE and absence of 
choriocapillaris (Figure 10). The atrophic retina was adherent to the Bruch' s 
membrane. No inflammatory response was found in the retina. In the TUNEL 
labelling study, eyes with peripheral retinal lattice degeneration and paving 
stone degeneration failed to show any positively labelled retinal cells. 
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Figure 10. Paving stone degeneration in peripheral retina. 
A. The RPE ended (arrowheads) abruptly in the area of degeneration , 

where there was absence of choriocapillaris and retinal pigmen t 
epithelium (arrow). The overlying retina exhibit extensive atrophy, 
especially in the outer nuclear layer. (H&E, x200) 

B. None of retinal cells was labelled by the TUNEL technique. (x200) 

Discussion 
In this study, we examined 37 human eyes with various types of retinal de­
generations with TUN EL labelling technique for evidence of apoptosis. La­
belled photoreceptor cells were noted in 2 of the 4 eyes with pathologic myo­
pia, and 4 of the 16 eyes with ARMD. Gavrieli and co-workers showed that 
the TUNEL technique labels the 3 'end of the DNA fragments of the apoptotic 
nuclei, and intemucleosomal DNA fragmentation is a hallmark of apoptosis. 
Therefore, we conclude that apoptosis is one of the important mechanisms of 
photoreceptor cell death in pathologic myopia and ARMD. 

ln 4 of 7 eyes with serous retinal detachment secondary to malignant mela­
noma of choroid, few photoreceptor nuclei were labelled. In contrast, trau­
matic retinal detachment in humans had many labelled photoreceptor cells. 
Apoptosis might not be a prominent mechanism in this secondary serous reti­
nal detachment. 

TUNEL technique failed to demonstrate positive labelling of retinal cells in 6 
eyes with paving stone degeneration. Choroidal vascular insufficiency is 
believed to be responsible for the development of paving stone degenera­
tion.14 Curtin reported increased prevalence in patients with age over 40 and 
in eyes with long axial length. 1

i Similar retinal lesions had also been re­
ported in patients with unilateral hypertensive retinopathy.16 Because ischemia 
is reported to induce apoptosis in neurons, we speculated that the apoptotic 
process might be involved in the retinal cell death in retinal paving stone 
degeneration but failed to demonstrate labelled cells. However, we might not 
have studied these lesions in the active degenerative phase. The TUNEL 
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technique also failed to show positive labelling in photoreceptor cells in eyes 
with lattice retinal degeneration. The pathogenesis of lattice degeneration 
remains unknown. Hypotheses of the pathogenesis of lattice degeneration 
include (I) vitreous traction, 17 (2) retina ischemia, 18 and (3) a primary defect 
in the internal limiting membrane of the retina. 19 Indeed, breaks in this mem­
brane might stimulate proliferation of preretinal glial membranes overlying 
the retinal lesions.18 Growth factors such as basic fibroblast growth factor 
(bFGF) induced preretinal glial membrane proliferation, and might inhibit 
the apoptotic process. 

These chronic degenerations of the photoreceptor cells are a life-long process, 
but the short-lived apoptotic process, which is usually completed in 24 hours, 
might only be detected in certain periods of these degenerative diseases. In 
addition, there might be certain periods when the apoptotic process was active. 
For example, in experimental traumatic retinal detachment, the first apoptotic 
peak is detected on the third day after detachment, and the second apoptotic 
peak is detected around day 14 after retinal detachment.20 The apoptotic pro­
cess might appear in several periods of the chronic retinal degenerative pro­
cess. This might be one of the reasons why apoptosis was not observed in the 
peripheral paving stone or lattice degeneration. 

In the eyes with pathologic myopia, ARMD and serous retinal degeneration, 
there was absence of inflammatory response and abundant cellular debris in 
the retinas, even though the eyes were in advanced-stage of the diseases. This 
observation was consistent with cell death by apoptosis, an energy-requiring 
process of self-elimination of cells without production of cellular debriS that 
attract inflammatory cells. In sharp contrast to cell death by necrosis, inflam­
matory reaction is inevitably seen.21-22 Two of the 4 eyes of pathologic myo­
pia failed to show positive labelling with TUNEL technique. One of the 
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patients underwent cataract extraction I year ago and had cystoid macular 
edema after surgery. Recent studies showed a high level of bFGF in human 
and animal aqueous humor after cataract surgery.13 bFGF was believed to be 
one of the inhibitors of apoptosis 24•25 and had been demonstrated to delay 
photoreceptor degeneration in retina dystrophy in rats.26 bFGF might have 
inhibited the apoptotic process of photoreceptor cells in this patient. 

In this study, TUNEL labelled apoptotic photoreceptor cells were observed in 
2 out of 4 eyes with exudative ARMD and sub-retinal neovascular membrane. 
On the other hand, 2 out of 12 eyes with atrophic ARMD without sub-retinal 
neovascular membranes had apoptotic photoreceptor cells. Sub-retinal 
neovascular membrane might be a strong stimulus that triggered apoptosis of 
photoreceptor cells. The endothelial cells in the neovascular network lacked 
blood-retinal barrier and leaked lipo-proteinaceous fluid into the sub-RPE or 
sub-retinal space. In addition, these fragile new vessels were prone to 
hemorrhage. Lipid peroxidation, which resulted from exudation and hemor­
rhage, might trigger apoptosis of photoreceptor cells in ARMD with sub­
retinal neovascular membrane. Recently, Tso and associates reported that 
apoptosis was a primary mechanism of photoreceptor cell degeneration in 
inherited retinal dystrophy in the RCS rat. 10 Studies of mouse models of retinitis 
pigmentosa also showed that apoptosis was a final common pathway of pho­
toreceptor cell death. 11 In other studies of acquired retinal degeneration, 
apoptotic photoreceptor cells were observed in experimental retinal de­
tachment 21-28 and experimental photic retinopathy.7· 29-

3° Furthermore, Chang 
and associates also demonstrated that apoptosis appears to be a primary mecha­
nism of human photoreceptor cell death following traumatic retinal detach­
ment. His study additionally demonstrated apoptosis in human myopic macular 
degeneration and age-related macular degeneration. ~ 
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