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Purpose: We evaluated the expression of the neural markers, neuron-specific enolase, and 

synaptophysin, as a tool to confirm the diagnosis of retinoblastoma (RB) in undifferentiated 

and advanced tumors. Additionally, we determined whether the extent of RB-associated protein 

(pRb) expression is helpful in assessing the prognosis in RB patients.

Methods: Conventional whole tissue section and tissue microarray immunohistochemistry for 

neuron-specific enolase, synaptophysin, and pRb were carried out in a series of 22 RBs.

Results: Neuron-specific enolase and synaptophysin were expressed in 75%–100% of the 

tumor cells, and the staining intensity was strong. Two RBs expressed pRb in 75%–100% of the 

tumor cells, also with strong staining intensity. Concordance between the immunohistochemical 

outcomes for whole tissue staining and tissue microarray staining was 76.2% for neuron-specific 

enolase, 85.7% for synaptophysin, and 80.0% for pRb.

Conclusion: Neuron-specific enolase and synaptophysin have the potential to be useful markers 

for the diagnosis of RBs. Extensive and strong pRb staining is not associated with less aggres-

sive tumor behavior according to the pathologic classification of RBs.
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Introduction
Retinoblastoma (RB) is the most common primary intraocular malignant tumor in 

children.1 The incidence ranges from 1:14,000 to 1:20,000 live births (7,000–8,000 

new cases per year worldwide). Incidence rates in the USA are 2.9 cases per 100,000 

per year in children younger than 1 year and 1.6 cases per 100,000 per year in 1-year-

old children. More than 90% of these cases are diagnosed before the age of 5 years. 

The frequency is higher in Africa, India, and Latin America.

The current survival rate in the USA approaches 100%. However, in Africa, this 

rate is very low between 20% and 46%.2 If survival rates were similar to the devel-

oped countries globally, RB deaths could be reduced by 88%. RB metastases occur 

in less than 5% of patients in developed countries but still represent a challenge in 

developing countries.3

The RB gene (RB1) is localized to chromosome 13q14.2. This is the first tumor 

suppressor gene described and was isolated in 1986.4 RB develops when biallelic 

inactivation or loss of both alleles occur. This is consistent with Knudson’s “two-hit” 

hypothesis in which two complementary events are necessary to convert a normal 

retinal cell into a tumor cell.5 In 60% of cases, mutations appear locally in the devel-

oping retina. About 40% have germline mutations of the RB1 gene and are inherited 

Correspondence: José Carlos lópez 
lópez
laboratorio de anatomía Patológica 
Ocular, instituto Universitario de 
Oftalmobiología aplicada (iOBa), 
University of Valladolid, Campus Miguel 
Delibes, Paseo de Belén, 17, 47011 
Valladolid, spain
Tel +34 983 18 47 64
Fax +34 983 18 47 62
email jclopezl@ioba.med.uva.es 

Journal name: Clinical Ophthalmology
Article Designation: Original Research
Year: 2018
Volume: 12
Running head verso: López López et al
Running head recto: Immunohistochemical assay in advanced RBs
DOI: 141503

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S141503
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:jclopezl@ioba.med.uva.es


Clinical Ophthalmology 2018:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1172

lópez lópez et al

in an autosomal dominant fashion. All bilateral cases are the 

result of germline mutations.6

The RB1 gene encodes a protein, RB-associated protein 

(pRb), that acts as a tumor growth suppressor.7,8 pRb is a 

928 amino acid nuclear phosphoprotein that plays a critical 

role in regulating cell cycle progression at the G1/S phase 

transition. During the G0/G1 phase, the hypophosphorylated 

active form interacts with the E2F family of transcription 

factors, inhibiting the transcription of E2F target genes. In 

response to mitogenic stimuli, pRb is phosphorylated and 

E2F transcription factors are released, inducing gene expres-

sion leading to progression through the cell cycle.

The histogenesis of RB is not well known. Recent find-

ings indicate that RB cells derive from cone precursors.9 

Histological examination reveals that RB cells are undif-

ferentiated, having scant cytoplasm and prominent, oval or 

round basophilic nuclei with finely granular chromatin and no 

nucleoli. Numerous mitotic figures are usually found. Forma-

tion of Flexner–Wintersteiner rosettes is a characteristic of 

RBs. These rosettes are composed of a ring of high cuboidal 

cells surrounding an apical lumen.10–13 Tumor growth rate is 

limited by the ability to induce the formation of new vessels; 

hence, large areas of coagulative necrosis and dystrophic 

calcification frequently appear.14

Immunohistochemistry is widely used in histopatho-

logic diagnosis and for research purposes.15,16 However, no 

specific marker is currently available for RB. The use of 

neuron-specific enolase and synaptophysin could improve 

the diagnostic accuracy in RB, which would be very useful 

in advanced tumors.

The practice of transferring multiple tissue samples to a 

single slide for immunohistochemical analysis was imple-

mented by Battifora in 1986.17 In 1998, Kononen et al18 

invented a mechanism that allowed the quick and precise 

construction of tissue microarrays that greatly facilitated 

analysis. It enabled the standardization of immunohis-

tochemical studies because all specimens are processed at 

one time under identical conditions. The main drawback of 

tissue microarray analysis is the partial or total loss of one 

or more tissue core samples. Because ~10%–15% of the tis-

sue cores can be lost,19 the inclusion of two cores per tumor 

is usually sufficient and comparable to the study of whole 

tissue sections in more than 95% of cases.20

Undifferentiated and advanced RB tumors, especially 

those masses with extensive necrosis where no ocular 

structures are identifiable, can pose a diagnostic challenge 

to pathologists. Therefore, the purpose of this study was to 

test the value of assessing the expression of neuron-specific 

enolase and synaptophysin, both of which are neural mark-

ers, as a tool to confirm the diagnosis of undifferentiated and 

advanced RB tumors in Angolan patients.

Patients and methods
Tissue samples
This study was performed in accordance with tenets of the 

Declaration of Helsinki, and all procedures were approved by 

the University of Valladolid ethics committee. Informed written 

consent was obtained from the parents of each of the patients.

Retinoblastoma patients (n = 21; 11 males and 10 females) 

were selected from the archives of IOBA Ocular Pathology 

Laboratory covering a 10-year period. In one RB patient, 

after the right eye was removed, metastatic masses were 

subsequently found in the right lower eyelid and cheek. 

Thus, tissue samples from 22 RB tumors (17 eye enucle-

ations and 5 eviscerations) were analyzed by standard light 

microscopy and by immunohistochemistry of formalin-fixed 

and paraffin-embedded tissue blocks. Twenty-one patients 

were from Angola as arranged by an agreement between 

the University of Valladolid and the National Eye Institute 

of Angola. All eye specimens obtained from Angolan 

patients were sent to Spain for processing and diagnosis. 

Enucleation and evisceration specimens were fixed in 10% 

formalin and sent by express mail to Spain. The specimens 

arrived ~7–10 days after surgery. One case from a Spanish 

patient showing superficial invasion of the optic nerve was 

also included.

American Joint Committee on Cancer, Cancer Staging 

Manual guidelines for pathological staging were used.

The samples were processed in a Leica ASP-300 tissue 

processor (Leica Biosystems, Nussloch, Germany) using 

a 32-hour program for eye globes. The globes were sub-

sequently embedded in paraffin, and 4-µm sections were 

obtained and collected on FLEX IHC Microscope Slides 

(Dako, Glostrup, Denmark).

The degree of necrosis in H&E sections was evalu-

ated as focal (,25%), moderate ($25%–50%), extensive 

(.50%–75%), or very extensive (.75%) of the tumor cells. 

The degree of apoptosis in H&E sections was evaluated as 

focal (,10%), moderate ($10%–25%), or intense (.25%) 

of tumor cells.

A manual tissue microarray instrument (Beecher Instru-

ments, Silver Spring, MD, USA) was used to construct each 

microarray. The most appropriate tumor areas were identified 

on H&E-stained sections from each tissue donor block. Two 

cores of 1.5-mm diameter were taken per case. A total of 

44 cores were present in the tissue microarray block.
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Immunohistochemistry
The immunohistochemical study was performed in a Dako 

Autostainer Link 48 instrument (Dako) for both whole tissue 

sections and tissue microarrays.

Pretreatment
Heat-induced epitope retrieval was performed in a Dako 

PT Link (Dako) using EnVision™ FLEX Target Retrieval 

Solution, High pH (50×) (Dako) for neuron-specific enolase 

and synaptophysin. EnVision™ FLEX Target Retrieval 

Solution, Low pH (50×) (Dako) was used for pRb. The 

slides were washed in Envision™ Flex Wash Buffer 20× 

(Dako) at room temperature (RT) for 5 minutes. Inhibition 

of endogenous peroxidases was achieved using EnVision™ 

FLEX Peroxidase-Blocking Reagent (Dako) for 5 min.

incubation with primary antibodies
Ready-to-use primary monoclonal antibodies were employed 

for neuron-specific enolase and synaptophysin. pRb antibody 

was used at a 1:25 dilution (Table 1). Negative control 

slides were incubated with ready-to-use FLEX Negative 

Control Mouse (Dako). The slides were treated with 

EnVision™ FLEX/HRP for 20 min, followed by washing 

with EnVision™ FLEX Wash Buffer (20×). Substrate + 

chromogen (diaminobenzidine) were then applied, followed 

by another washing with EnVision™ FLEX Wash Buffer 

(20×). The tissue was then counterstained with EnVision™ 

FLEX Hematoxylin.

Assessment of 
immunohistochemical staining
A semiquantitative assessment of the immunohistochemical 

results was carried out by one of the authors according to the 

scheme used by The Swedish Human Protein Atlas Project.21 

All samples were examined under the microscope at low and 

high magnifications. The fraction of stained cells was scored 

as ,25%, $25%–75%, or .75%. The staining intensity was 

scored as negative, weak, moderate, or strong. The subcel-

lular localization was designated as nuclear, cytoplasmic, 

or membranous.

In the tissue microarray, two cores were used from each 

case to avoid tissue lost. Study cases were excluded only if 

both cylinders were lost. This occurred for one case each 

stained for neuron-specific enolase and synaptophysin, and 

for two cases of pRb. A map specifying the exact position 

of each tumor was prepared to facilitate the interpretation of 

the results. When the scores differed between two cores of 

the same case, the highest score was used.

The percentage of immunohistochemical staining out-

comes that were concordant between the whole tissue sections 

and the core tissue sections was calculated as follows:

 

Concordant cases

Concordant cases discordant cases
100.

+
×

Results
In 13 cases (59%), the tumor was in the left eye, and in 

nine cases (41%), it was in the right eye. The median age 

at diagnosis was 2.9 years (range 1–8 years). The degree of 

necrosis was extensive in 13 tumors and very extensive in 

three of the tumors. The degree of apoptosis was moderate 

or intense in most of the tumors studied (19 cases). Calcifi-

cations were present in 18 of the RBs. The median number 

of mitotic cells per 10 high power fields (40×) was 12.76. 

Choroidal and scleral invasion were present in 17 tumors. 

The diameter of uveal invasion was greater than 3 mm in 

most of the cases. In many, malignant cells affected the 

internal fibers of the sclera; therefore, these infiltrations 

were classified as significant choroidal invasion according 

to the recommendations of the International Retinoblastoma 

Staging Working Group.22 Anterior chamber invasion was 

Table 1 Primary antibodies and incubation protocols

Antibodya Clone Product code Source Dilution Time/temp

Monoclonal mouse anti-
human neuron-specific 
enolase

BBs/nC/Vi-h14 M0873 Dako, glostrup, Denmark na 30 min/rT

Monoclonal mouse anti-
human synaptophysin

DaK-sYnaP M7315 Dako, glostrup, Denmark na 20 min/rT

novocastra™ liquid mouse 
monoclonal antibody 
retinoblastoma gene protein

13a10 nCl-l-rB-358 leica Biosystems newcastle 
ltd., newcastle Upon  
Tyne, UK

1:25 with enVision™ FleX 
antibody Diluent (Dako, 
glostrup, Denmark)

60 min/rT

Note: aall isotypes were igg1.
Abbreviations: igg1, immunogloublin g1; na, not applicable; rT, room temperature.
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identified in 18 cases. Sixteen cases (72.7%) were classified 

as pT4 tumors, which are characterized by tumor invasion of 

the optic nerve to the resection line or exhibited extraocular 

extension elsewhere.23

Immunohistochemistry
Whole tissue sections
For neuron-specific enolase, 17 RBs (77%) had 75%–100% 

positive cells and five cases (23%) had 25%–75% positive 

cells. Twenty RBs (91%) were strongly positive (Figure 1A) 

and two cases (9%) were moderately positive. Necrotic cells 

in all cases were strongly positive.

For synaptophysin, 20 tumors (91%) had 75%–100% 

positive cells (Figure 1B) and two (9%) had 25%–75% 

positive cells. All 22 tumors were strongly positive. Greater 

staining intensity for synaptophysin was localized to apical 

cytoplasm of Flexner–Wintersteiner rosettes (Figure 1C). In 

all cases, necrotic cells were strongly positive.

For pRb, one case was positive in more than 75% of 

the tumor cells and had moderate expression in the nucleus 

(Figure 1D). Twenty-one tumors (95.5%) were negative for 

pRb (Tables 2 and 3).

Tissue microarrays
For neuron-specific enolase, in 14 tumors (67%), 75%–100% 

of the cells were positive and had strong staining intensity 

(Figure 2A). Six tumors (28%) had 25%–75% positive cells 

that were stained with moderate intensity. One tumor (5%) 

was focally positive with less than 25% of the cells stained. 

Both cylinders were lost in one case, which was excluded for 

evaluation. There was 76.2% concordance with the results 

obtained from conventional whole tissue sections (Table 4).

For synaptophysin, in 18 tumors (86%), 75%–100% 

of the cells were positive and had strong staining intensity 

(Figure 2B). Two cases (9%) had 25%–75% positive cells 

with moderate staining intensity, and one case (5%) had focal 

staining with less than 25% positive cells. Both cylinders 

were lost in one case so it could not be used for evaluation. 

There was 85.7% concordance with the results obtained from 

whole tissue sections (Table 5).

For pRb, in two cases (10%), 75%–100% of the cells were 

positive and had strong staining intensity (Figure 2C). Three 

cases (15%) had focal staining with less than 25% positive 

cells, and 15 tumors (75%) were completely negative for 

pRb. In two cases, both cylinders were lost so only 20 RBs 

could be used for evaluation. There was 80.0% concordance 

with the results obtained from conventional whole tissue 

sections (Table 6).

Discussion
In developed countries, RBs are usually diagnosed at early 

stages, when tumors are small and confined to the eye. Eye-

conservative therapy is the standard treatment in these cases; 

Figure 1 Whole tissue section immunohistochemistry. 
Notes: (A) Neuron-specific enolase. In this case, there was widespread and intense staining for neuron-specific enolase. 10×. (B) synaptophysin. This rB sample also 
had widespread and intense staining for synaptophysin. 20×. (C) synaptophysin distribution in Flexner–Wintersteiner rosettes. This rB had greater staining intensity for 
synaptophysin located in the apical cytoplasm of Flexner–Wintersteiner rosettes. 40×. (D) prb. This was diffusely present in the nuclei of rB cells. 40×. (E) rB negative for 
prb. The tumor cells in this rB did not express prb; however, the vascular endothelial cells, which served as an internal immunohistochemical control, did express it. 40×.
Abbreviations: prb, rB-associated protein; rB, retinoblastoma.
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The grade of optic nerve involvement and the age at 

diagnosis of infiltration are the factors most significantly 

associated with survival in RB patients.24 If tumor cells infil-

trate the optic nerve beyond the lamina cribrosa and there is 

also involvement of the surgical margin, the mortality rate 

rises to 78%.

Invasion of the optic nerve beyond the lamina cribrosa, 

choroidal invasion, scleral invasion, and infiltration of the 

anterior segment are considered high-risk histopathologic 

factors. The presence of these high-risk factors is associated 

with an increased risk of local recurrence and metastases.22,25 

Advanced tumors are often found in developing countries 

like Angola, and the diagnosis is made when extraocular 

invasion has already occurred. Conditions to be considered in 

the differential diagnosis of RBs include rhabdomyosarcoma, 

Burkitt’s lymphoma, primitive neuroectodermal tumor, and 

orbital metastases of a Wilms’ tumor.

Based on the histopathological findings, patients can be 

divided into three categories: low, medium, and high risk.26 

Those who fall into the medium- and high-risk categories 

receive chemotherapy. More aggressive treatment is given to 

the high-risk group. Sadly, in many cases, children living in 

developing countries may not have access to these therapies. 

Another issue is poor access to a complete histopathology 

report.27

The presence of optic nerve infiltration of all the RBs 

in this study and the existence of choroidal, scleral, and 

anterior chamber invasion in most of the tumors are likely to 

be related to the delay in the diagnosis of Angolan patients. 

Unfortunately, when the diagnosis is delayed, RBs grow in 

an uncontrolled manner.

In 1984, Kyritsis et al used immunofluorescence micros-

copy to search for neuron-specific enolase and glial fibrillary 

acidic protein in Y-79 cells, a human RB cell line.28 They 

found that undifferentiated cells expressed both markers 

while those differentiated to neurons expressed only neuron-

specific enolase. Y-79 cells that differentiated to glial cells 

expressed glial fibrillary acidic protein. This differential 

expression was related to a change in cell morphology, and 

they suggested that RBs originate from primitive neuroec-

todermal cells with the ability to differentiate to neural or 

glial cell lines.28

In the late 1980s and in the 1990s, the first immuno-

histochemical studies were performed on RB surgical 

specimens to identify the cell of origin. Antibodies against 

target proteins included the neuronal markers synaptophysin 

and neuron-specific enolase, glial markers S-100 and glial 

fibrillary acidic protein, and other markers including pRb, 

p53, and bcl-2.29–32 In the late 1990s, these efforts were 

Table 2 immunohistochemistry: whole tissue sections

Case 
number

Neuron-
specific enolase

Synaptophysin pRb

1 75%–100% 75%–100% negative
2 75%–100% 25%–75% negative
3 25%–75% 75%–100% negative
4 75%–100% 75%–100% negative
5 75%–100% 75%–100% negative
6 25%–75% 25%–75% negative
7 75%–100% 75%–100% negative
8 75%–100% 75%–100% negative
9 75%–100% 75%–100% negative
10 75%–100% 75%–100% negative
11 75%–100% 75%–100% negative
12 75%–100% 75%–100% negative
13 75%–100% 75%–100% negative
14 75%–100% 75%–100% negative
15 25%–75% 75%–100% negative
16 75%–100% 75%–100% negative
17 75%–100% 75%–100% negative
18 25%–75% 75%–100% negative
19 25%–75% 75%–100% negative
20 75%–100% 75%–100% negative
21 75%–100% 75%–100% 75%–100%
22 75%–100% 75%–100% negative

Note: Fraction of stained cells expressed in percentage of positive cells.
Abbreviation: prb, retinoblastoma-associated protein.

Table 3 immunohistochemistry: whole tissue sections

Case 
number

Neuron-specific 
enolase

Synaptophysin pRb

1 strong strong negative
2 strong strong negative
3 strong strong negative
4 strong strong negative
5 strong strong negative
6 strong strong negative
7 strong strong negative
8 strong strong negative
9 strong strong negative
10 strong strong negative
11 strong strong negative
12 strong strong negative
13 strong strong negative
14 strong strong negative
15 strong strong negative
16 strong strong negative
17 strong strong negative
18 Moderate strong negative
19 Moderate strong negative
20 strong strong negative
21 strong strong Moderate
22 strong strong negative

Note: intensity of stained cells.
Abbreviation: prb, retinoblastoma-associated protein.

hence, the proportion of patients treated with enucleation is 

decreasing in high-income countries.2 However, enucleation 

is required for more advanced tumors, and all enucleated eye 

globes must be submitted for a complete histopathological 

examination by an experienced ocular pathologist.
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abandoned, probably because it was assumed that the RB 

cell of origin was the one that expressed neural markers or 

neural and glial markers. In the present study, we sought a 

new approach to test the value of neuron-specific enolase 

and synaptophysin (neural markers) expression as a tool 

to confirm the diagnosis of RBs. Also, the degree of pRb 

expression would help to assess the prognosis in RB patients 

as shown in other tumors.33

Molnar et al reported the immunohistochemical dis-

tribution of neuron-specific enolase, glial fibrillary acidic 

protein, myelin-associated glycoprotein, and S-100 on 

seven human RBs.34 In that study, most of the tumor cells 

were positive for neuron-specific enolase, but Flexner–

Wintersteiner rosettes were negative or weakly positive. 

In our study, we found intense and strong positivity for 

neuron-specific enolase in one case with abundant Flexner–

Wintersteiner rosettes.

Garrido et al35 reported that all differentiated RBs (n = 10) 

were positive for neuron-specific enolase, but only two of five 

poorly differentiated RBs were positive. This is consistent 

with other findings where the percentage of positive cases 

for neuron-specific enolase in poorly differentiated tumors 

Figure 2 Tissue microarray immunohistochemistry.
Notes: (A) Neuron-specific enolase. This case shows widespread and intense staining for neuron-specific enolase. 5×. (B) synaptophysin. all tumor cells present in the core 
were intensely positive for synaptophysin. 5×. (C) prb. all of the nuclei were positive for prb. 40×.
Abbreviation: prb, retinoblastoma-associated protein.

Table 5 immunohistochemistry: synaptophysin: whole tissue 
sections and tissue microarray

Synaptophysin Whole tissue sections Tissue microarray

Case number

1 75%–100% 75%–100%
2 25%–75% ,25%

3 75%–100% 75%–100%
4 75%–100% 25%–75%
5 75%–100% 75%–100%
6 25%–75% Missing cores
7 75%–100% 75%–100%
8 75%–100% 75%–100%
9 75%–100% 75%–100%
10 75%–100% 75%–100%
11 75%–100% 75%–100%
12 75%–100% 75%–100%
13 75%–100% 75%–100%
14 75%–100% 25%–75%
15 75%–100% 75%–100%
16 75%–100% 75%–100%
17 75%–100% 75%–100%
18 75%–100% 75%–100%
19 75%–100% 75%–100%
20 75%–100% 75%–100%
21 75%–100% 75%–100%
22 75%–100% 75%–100%

Note: Fraction of stained cells expressed in percentage of positive cells.

Table 4 Immunohistochemistry: neuron-specific enolase: whole 
tissue sections and tissue microarray

Neuron-specific 
enolase

Whole tissue 
sections

Tissue 
microarray

Case number

1 75%–100% 75%–100%
2 75%–100% 25%–75%
3 25%–75% ,25%
4 75%–100% 75%–100%
5 75%–100% 75%–100%
6 25%–75% Missing cores
7 75%–100% 75%–100%
8 75%–100% 75%–100%
9 75%–100% 75%–100%
10 75%–100% 75%–100%
11 75%–100% 75%–100%
12 75%–100% 25%–75%
13 75%–100% 75%–100%
14 75%–100% 25%–75%
15 25%–75% 25%–75%
16 75%–100% 25%–75%
17 75%–100% 75%–100%
18 25%–75% 75%–100%
19 25%–75% 25%–75%
20 75%–100% 75%–100%
21 75%–100% 75%–100%
22 75%–100% 75%–100%

Note: Fraction of stained cells expressed in percentage of positive cells.
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was lower compared with well-differentiated RBs.31 In our 

study, we found intense staining for neuron-specific enolase 

in most of the 22 RBs that we studied. Furthermore, 21 of the 

22 tumors were poorly differentiated. This is consistent with 

Sun et al who found that in 27 undifferentiated tumors, the 

cells were strongly positive for neuron-specific enolase.36 We 

believe that the different results obtained by Molnar et al,34 

Garrido et al,35 and He et al31 compared to our results may 

be due to the use of a neuron-specific enolase ready-to-use 

monoclonal antibody that is more specific than the polyclonal 

antibodies used previously.

Yuge et al detected synaptophysin by immunohistochem-

istry only in the apical cytoplasm of cells forming rosettes, 

and no reactivity was observed in any of the undifferentiated 

tumors.29 Kivelä et al found that nine out of 27 poorly differ-

entiated tumors were completely negative for synaptophysin, 

and He et al found similar results in 35 undifferentiated 

RBs.30,31 However, He et al also reported that synaptophysin 

was present in the rosettes of 41 differentiated tumors. In 

our series, synaptophysin was detected in all of the poorly 

differentiated RBs. We also found greater staining intensity 

for synaptophysin in the apical cytoplasm of Flexner–

Wintersteiner rosettes.

Yuge et al did not find pRb expression in a series of 34 

RBs.29 In contrast, Orjuela et al found nuclear pRb in 11 of 

86 RBs, and 4 cases had diffuse staining in more than 80% of 

the tumor cells.37 They also concluded that tumors negative 

for pRb were those with extraocular extension. Low expres-

sion levels of pRb are also correlated with a worse prognosis 

in patients with prostate, breast, endometrial adenocarcino-

mas, and laryngeal carcinomas.38–41 Furthermore, transitional 

bladder cell carcinomas with decreased expression of pRb 

are more aggressive than tumors expressing pRb in most of 

the cells.42

Two of the RBs in our study were strongly positive for 

pRb and were classified as pT4, ie, tumors with invasion of 

the surgical margin and extraocular extension. Even though 

there was strong and diffuse expression of pRb, this did 

not appear to be related to lower tumor aggressiveness. We 

believe that pRb could appear as a functionally inactive 

protein due to mutations that do not affect the expression. 

Alternatively, the RB protein could be present in a phospho-

rylated form that is not active, as documented in previous 

studies.33,43,44

The concordance between whole tissue and tissue 

microarray immunohistochemical outcomes was greater than 

76% for neuron-specific enolase, synaptophysin, and pRb. 

This greatly exceeds the minimal acceptable level of 50%. 

Thus, tissue microarray analysis of neuron-specific enolase 

and synaptophysin could be a valuable aid in RB diagnosis.

The main limitation of this study was the lack of 

follow-up and outcome data for the patients. Of the 

21 patients, 20 were diagnosed and treated in Angola by 

local ophthalmologists; therefore, we were unable to access 

their medical records from Spain.

Conclusion
Retinoblastoma cells express the neural markers neuron-

specific enolase and synaptophysin. Necrotic cells were 

also positive for neuron-specific enolase and synaptophysin. 

These results suggest that neuron-specific enolase and 

synaptophysin are useful markers for the diagnosis of RBs. 

This is especially so in those cases with extensive necrosis 

where no ocular structures are identifiable as is often the 

case in patients from developing countries. The extensive 

distribution and strong staining of pRb is not associated 

with a less aggressive behavior according to the pathologic 

classification of RBs.23

To the best of our knowledge, this is the first tissue 

microarray study performed in RB samples. This technique 

is highly efficient, saving reagent costs and allowing all 

Table 6 immunohistochemistry: prb: whole tissue sections and 
tissue microarray

pRb Whole tissue 
sections

Tissue 
microarray

Case number

1 negative negative
2 negative negative
3 negative negative
4 negative negative
5 negative negative
6 negative Missing cores
7 negative ,25%
8 negative negative
9 negative Missing cores
10 negative negative
11 negative 75%–100%
12 negative ,25%
13 negative negative
14 negative negative
15 negative negative
16 negative negative
17 negative negative
18 negative ,25%
19 negative negative
20 negative negative
21 75%–100% 75%–100%
22 negative negative

Note: Fraction of stained cells expressed in percentage of positive cells.
Abbreviation: prb, retinoblastoma-associated protein.
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of the samples to be treated under the same conditions in 

a single experiment. Immunohistochemical analysis for 

neuron-specific enolase and synaptophysin could improve 

the diagnostic accuracy in RBs, which would be helpful in 

advanced and undifferentiated tumors.
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