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Abstract The immunohistochemical features of 24 reti-
noblastoma specimens from 22 patients, 15 with unilat-
eral and 7 with bilateral disease, were examined by the
labelled streptavidin biotin (LSAB) method and com-
pared with those of specimens from the remaining mor-
phologically normal retina. In the normal retina, S-100
protein, glial fibrillary acidic protein (GFAP) and vimen-
tin were detected in astrocytes and/or Miiller cells. Neu-
rofilament protein was seen in axons of the ganglion
cells, synaptophysin was present in both plexiform lay-
ers, bel-2 oncoprotein was seen in ganglion cells and bi-
polar cells, and neuron-specific enolase (NSE) was de-
tected in ganglion cells, bipolar cells and photoreceptor
cells and in their cell processes. While retinoblastoma
(Rb) protein expression was noted in ganglion cells, bi-
polar cells, and some photoreceptor cells, p53 protein
was not expressed at all. In all retinoblastomas, strong
NSE expression and weak bcl-2 expression was observed
in almost all tumour cells and synaptophysin was local-
ized in rosette-forming cells, while tumour cells were de-
void of S-100, GFAP, vimentin and neurofilament pro-
tein. These findings support the view that retinoblasto-
mas are composed of neuron-committed cells. In addi-
tion, no Rb protein expression was detected in retino-
blastomas, whereas p53 expression was found in 18
cases (75%).
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introduction

Retinoblastoma is the most common ocular malignancy
in newborn babies and infants. It arises during retinal de-

K. Yuge - M. Nakajima - H. Miki - M. Uyama
Department of Ophthalmology, Kansai Medical University,
Moriguchi, Osaka 570, Japan

Y. Uemura - A. Tsubura (B0)
Department of Pathology, Kansai Medical University, Moriguchi,
Osaka 570, Japan

velopment, and the primitive phenotype is consistent
with the appearance of the cells in the 6- to 10-week fe-
tal retina [17]. More than a century ago, Virchow (1864)
suggested that retinoblastomas originated in the support-
ing glial cells of the retina and designated the tumour a
“glioma of the retina” [25]. Recently, culture studies
have given rise to the opinion that retinoblastoma might
originate from multipotential precursor cells of retinal
neurons and glia [7, 13, 21]. Retinoblastoma in situ how-
ever, has neuronal characteristics but does not generally
exhibit glial properties as determined by immunohisto-
chemistry [6, 8-12, 14], and glial cells found in the tu-
mour are considered to be reactive but not neoplastic.
The histogenesis of retinoblastoma is thus still in dis-
pute.

Retinoblastoma was the first cancer to be identified
with a tumour suppressor gene, Rb1, and its protein prod-
uct, p110R®! has been isolated [1]. Retinoblastoma arises
when both alleles of the suppressor gene are inactivated
within a single cell. In contrast, increased levels of p53
protein are found in other human malignant tumours
[18]. However, the expression of Rb protein and p53 pro-
tein in retinoblastoma in situ has not been examined.

To reinvestigate the cell phenotype and to clarify on-
ocoprotein expression, we examined 24 human retino-
blastomas in situ using a panel of immunohistochemical
markers with well-defined specificities, including S-100
protein, glial fibrillary acidic protein (GFAP), and vi-
mentin as a glial marker, synaptophysin, bcl-2 and NSE
as a neuronal marker; we also examined them for Rb
protein and p53 protein expression.

Materials and methods

Between 1972 and 1994, a total of 24 retinoblastoma specimens
from 22 patients were collected from the surgical pathological
files of the Surgical Pathology Division, Kansai Medical Universi-
ty Hospital. In 15 patients retinoblastoma was unilateral and in 7,
bilateral. Among the 7 bilaterally affected patients, specimens
from both eyes were available in 2 cases but from only one eye in
the remaining 5. All the specimens were enucleated globes. The
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Fig. 1 Laterality and age distribution of 22 retinoblastoma pa-
tients studied

Table 1 Panel of monoclonal antibodies and polyclonal antisera
used (GFAP glial fibrillary acidic protein, NSE neuron-specific
enolase, Rb retinoblastoma)

Specificity Clone Source Dilution
S-1002 Dako, Glostrup, Denmark %200
GPAF 6F2 Dako, Glostrup, Denmark x50
Vimentin A% Dako, Glostrup, Denmark %250
Neurofilament 2F11 Dako, Glostrup, Denmark x50
Synaptophysin  SY38 Boehringer Mannheim, x5
Germany
bel-2 124 Dako, Glostrup, Denmark x40
NSE= Dako, Glostrup, Denmark %100
Rb protein 84-B3-1  Novocastra, Newcastle x50
upon Tyne, UK
p33 protein BP53-12  Bioprobe, Amstelveen, %300

Netherlands

a Polyclonal antiserum

patients were beween 0 and 12 years old (average 1.6+2.6), and
the male-to-female ratio was 12:10. Figure 1 shows the laterality
and age distribution. In general, bilateral cases were found in the
younger patients, but one patient with bilateral tumour was 12
years old. All specimens were fixed in 10% formalin and were
subjected to routine paraffin processing. Serially cut sections 4 m
thick were carefully heated (60 °C, 5 min) to assist adherence to
silane-coated slides; they were then dewaxed, stained with haema-
toxylin and eosin, and used for the immunohistochemical study.
The mouse monoclonal antibodies and rabbit polyclonal anti-
sera used are listed in Table 1. The polyclonal anti-S-100 antise-
rum purified from the cow brain cross-reacts strongly with human
S-100 A and B. The monoclonal anti-glial fibrillary acidic protein
(GFAP) antibody purified from human brain reacts with the 52-
kDa intermediate filament protein GFAP and the monoclonal anti-
vimentin antibody purified from porcine eye lens reacts with the
57-kDa intermediate filament protein of the human vimentin. The
monoclonal anti-neurofilament antibody purified from human
brain reacts specifically with the 200- and 70-kDa components of
the three major subunits (200, 160 and 70 kDa) present in the neu-
rofilaments. The monoclonal anti-synaptophysin antibody purified
from bovine brain reacts with human presynaptic vesicles. Mono-
clonal anti-bcl-2 antibody was prepared from a synthetic peptide

sequence comprising amino acids 41-54 of bcl-2 protein. Polyclo-
nal anti-neuron-specific enolase (NSE) purified from human brain
reacts with the gamma subunits of NSE. Monoclonal anti-retino-
blastoma (Rb) gene protein was prepared from a synthetic peptide
representing an antigenic site on the retinoblastoma gene mole-
cule, and monoclonal anti-p53 antibody was produced from a hu-
man recombinant wild-type p53.

In immunocytochemistry, endogenous peroxidase activity was
blocked by incubation in 3% H,0, in ethanol for 10 min after de-
waxing, with subsequent washing in distilled water for 5 min.
The sections were then incubated with the appropriately diluted
primary antibody in a moist chamber at room temperature for 1 h.
Subsequently, a labelled streptavidin biotin staining kit (Dako,
Carpenteria, Calif.) was used according to the manufacturer’s in-
structions. The reaction products were visualized with freshly
prepared 0.02% 3.3’-diaminobenzidine tetrahydrochloride (DAB;
Wako Pure Chemical, Osaka, Japan) containing 0.007% H,O.,,
and the sections were counterstained with Gill’s haematoxylin.
Antigen retrieval was necessary for demonstration of neurofila-
ments, bcl-2, Rb protein and p53. In brief, prior to incubation
with each antibody, the sections were placed in plastic staining
jars containing citrate buffer solution (pH 6.0). The jars were then
covered with loose-fitting caps and heated in a microwave oven
for two 10-min cycles with an interval of 1 min between cycles to
check the fluid level. After being heated, the jars were allowed to
cool for 15min. In preliminary stainings, this procedure was
found to enhance the intensity of the specific reaction, and find-
ings were consistently reproducible when antigen retrieval in a
microwave oven was adequate. For a negative control, serial sec-
tions were incubated with non-immune mouse or rabbit serum at
a comparable dilution instead of the primary antibodies. In addi-
tion, the ubiquity of the microscopically normal-appearing retina
present in retinoblastoma specimens served as a built-in positive
control.

Results
Normal retina

In a total of 22 specimens, there was enough morpholog-
ically normal retina to allow study of its antigen expres-
sion. Table 2 summarizes the characteristics of the im-
munostaining. S-100 protein showed strong staining in
astrocytes in the nerve fibre layer (Fig. 2a). Immuno-
staining for GFAP was similar to that for S-100, but in
addition, vertically distributed Miiller cells were also
weakly positive (Fig. 2b). Vimentin positivity was seen
in longitudinal fibres representing astrocytes in the nerve
fibre layer, and in the radical fibres of Miiller cells (Fig.
2¢). No neuronal cells had positive results with S-100,
GFAP and vimentin. A positive reaction for neurofila-
ment protein was seen in fibres corresponding to the ax-
ons of ganglion cells in the nerve fibre layer (Fig. 2d).
The stainability was intense near the optic nerve papilla.
Synaptophysin showed reactivity in the two plexiform
layers, while perikarya of neuronal cells remained nega-
tive (Fig. 2e). Weak expression of bcl-2 was seen in gan-
glion cells and bipolar cells (Fig. 2f). NSE was found
strongly in perikaria of the ganglion cells, bipolar cells
and photoreceptor cells and also in their cell processes
(Fig. 2g). Astrocytes and Miiller cells remained negative
with neurofilament protein, synaptophysin, bcl-2 and
NSE. Rb protein showed nuclear staining in ganglion
cells and bipolar cells, while the photoreceptor cells dis-
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Table 2 Immunohistochemical reaction patterns of the normal retina and retinoblastomas (++ strong staining, + weak staining, — nega-

tive)

S-100 GFAP Vimentin ~ Neurofilament ~ Synaptophysin ~ bel-2 NSE ~ Rb  p33
Normal retina
Miiller cell - + + - - - - - —
Asirocyte ++ ++ + — - - - — —
Ganglion cell axon -~ - - ++ - - ++ - -
Ganglion cell - - - - - + ++ ++ -
Inner plexiform layer ~ - - - ++ - ++ _ —
Bipolar cell - - - - - + T+ ++ -
External plexiform layer ~ - - - ++ — 4 _ _
Photoreceptor cell ~ - - - - ++ + —
Cone and rod - - - - — - ++ - -
Retinoblastoma - - - - +2 +b 40 - 4/

a Positive on rosette-forming cells
b Weak on all tumour cells

¢ Strong on all tumour cells
d Positive in 18 cases (75%)

Fig. 2a-h Normal retina. x200. a Astrocytes in the nerve fibre
layer are strongly stained (S-100). b In addition to astrocytes,
Miiller cells are also stained, but weakly. (GFAP). ¢ Astrocytes
and Miiller cells are positively stained (vimentin). d Axons of the
ganglion cells are strongly labelled (neurofilament). e Inner and
outer plexiform layers are positively stained (synaptophysin).
f Ganglion cells and bipolar cells show positive reaction (bcl-2).
g Neuronal cells and their cell processes are positive (NSE). h Nu-
clei of ganglion cells and bipolar cells are mostly positive, and
photoreceptor cells show heterogeneous staining (Rb protein)

played heterogeneous staining. Expression of p53 pro-
tein was completely absent in the normal retina.

Retinoblastoma

Eighteen tumours contained typical rosettes of the Flex-
ner-Wintersteiner and Homer-Wright types, which were
either focal or diffusely distributed. Six were composed
primarily of poorly differentiated cells with no rosette
formation. Table 2 shows the immunohistochemical re-
actions in these. In all retinoblastomas examined, regard-
less of the degree of differentiation, strong NSE expres-



sion (Fig. 3) and weak bcl-2 expression was seen in al-
most all the tumour cells. The overall staining pattern
was very similar in differentiated and undifferentiated tu-
mour cells. A positive reaction for synaptophysin was
observed in rosette-forming cells (Fig. 4). The reaction
was most intense in the apical cytoplasm immediately
surrounding the lumen of the rosette, but other undiffer-
entiated tumour cells were non-reactive. S-100-, GFAP-
and vimentin-positive cells were intermingled in the
perivascular areas, probably representing reactive astro-
cytes; the tumour cells themselves were devoid of the re-
actions. Neurofilament protein expression was not de-
tected in tumour cells. Rb protein expression was com-
pletely absent in all cases examined. However, p53 pro-
tein expression was noted in 18 cases (75%), unilateral
cases showing 93% (14/15) positivity and bilateral cases,
49% (4/9) positivity. Each tumour displayed marked het-
erogeneity in its binding to p53 protein (Fig. 5).

Discussion

The immunohistochemical profiles of 24 retinoblastomas
were documented and compared with those of normal reti-
nas by means of various immunoreagents recognizing an-
tigens associated with a wide range of tissue types. In the
normal retina, in agreement with previous results, S-100

Fig. 3 Retinoblastoma. All the tumour cells are strongly labelled
(NSE). X250

Fig. 4 Retinoblastoma. Apical cytoplasm of the rosette-forming
cells shows positive reaction (synaptophysin). x250

Fig. 5 Retinoblastoma. Heterogeneous positive reaction is seen in
the tumour cell nuclei (p53). x250

protein, GFAP and vimentin were seen in astrocytes
and/or Miiller cells, and were not found in retinoblastomas
[9, 14, 16]. The perivascular glial cells within the tumour
showed positive reactions; tumour cells themselves were
devoid of the reaction. Immunolabelling with these anti-

'_ gens in retinoblastoma appears to be related to astrocyte

proliferation in reactive gliosis or in pre-existing astro-
cytes incorporated into the tumour. The pattern of immu-
nohistochemical findings shown in this study confirmed
the previously reported conclusion that the glial cells pres-
ent in retinoblastomas are not neoplastic cells. Retinoblas-
toma in situ does not seem to have glial properties. How-
ever, neuronal cells could be responsible for the immuno-
reaction; neurofilament protein triplets are important cyto-
skeletal elements characteristic of neurons. Neurofila-
ments are found in retinoblastoma [16], which supports
the idea of a neuronal origin. In the present study, the neu-
rofilament antigen distribution was limited to the nerve fi-
bre layer in the normal retina and was negative in retino-
blastomas. This may be explained by the fact that our anti-
body detected 200-kDa and 70-kDa polypeptides but not
the 160-kDa polypeptide. Neurofilament proteins have so
far been shown only in a minority of tumours [11, 16] and
are totally unexpressed in most cases [23].

NSE is a glycolytic enzyme essentially confined to
neurons. As previously reported [6, 9, 16], we observed
NSE positivity in the perikaria and cell processes of neu-
rons in all layers of the normal retina, as well as in all
cases of retinoblastoma examined, indicating that retino-
blastoma has neuronal characteristics.

bcl-2 protein is associated with inhibition of apoptosis
and prolonged cell survival, and is also expressed in neu-
ronal cells of the retina [15] and in neuroblasts at all stag-
es of differentiation [19]. Neuronal cells of the normal
retina as well as almost all of the retinoblastoma cell ex-
pressed bcl-2, albeit weakly. This provides additional



support for the neuronal theory of the origin of retino-
blastoma. Synaptophysin, a neuron-associated integral
membrane glycoprotein of presynaptic vesicle, is concen-
trated in the synaptic regions of the retina, and in the ro-
sette-forming cells of retinoblastomas [8, 12]. Existence
of synaptophysin in the inner and outer plexiform layers
of the retina and in retinoblastoma further supports a neu-
ronal origin of this tumour. The immunolocalization of
several photoreceptor-specific proteins has already been
established, and their existence in retinoblastomas indi-
cates photoreceptor-like differentiation [16, 20, 21]. Ul-
trastructurally, cells of the Flexner-Wintersteiner rosettes
show photoreceptor-like differentiation [20-22]. Syn-
aptophysin was concentrated in the apical cytoplasm of
rosettes, which is thought to correspond to the outer limit-
ing membrane of the photoreceptor rather than to their
synaptic process [24]. This is in contrast to their compart-
mentalization in normal photoreceptor cells, and the rea-
sons for this discrepancy remain unclear.

Inactivation of tumour suppressor genes liberates the
cell from the constraints imposed by these genes, allow-
ing unconsirained growth of the cancer cell [26]. Two
such genes are the Rb gene and the p53 gene, whose
products control other genes, which are responsible for
initiation of the cell cycle, and are involved in the regula-
tion of cell growth [3, 4]. Rb protein expression is seen in
the normal retina [2], and failure of expression in retino-
blasts leads to tumour formation. As expected [17], retin-
oblastomas were devoid of Rb protein expression. p53
expression is seen in a variety of human malignant tu-
mours [18], but this is the first demonstration of p53 ex-
pression in retinoblastomas. Hereditary retinoblastoma
accounts for 40% of all cases and is always bilateral; non-
hereditary retinoblastoma accounts for 60% and is unilat-
eral [5]. In the present study, p53 expression showed no
relation to the laterality of the retinoblastomas.

In conclusion, retinoblastoma in situ was positive for
neuronal markers but negative for glial markers. More-
over, the lack of Rb protein expression and high expres-
sion of p53 protein were characteristic features.
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