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Summary. General opinion is that retinoblastomas, 
though not everyone agrees with that view. Some 
authors suggest that retinoblastomas are derived from a 
primitive retinal cell able to differentiate into both 
neuronal and glial cell lines. 

The aim of tlie present work was to study immunohis- 
tocheniically tlie expression of neuronal and astrocytic 
markers in retinoblastomas and at the same time the 
presence of tlie oncofoetal antigens carcinocnihryoiiic 
antigen ( C E A )  and alpha Focto Protein (AFP) .  since 
patients with retinoblastomas often show high 
oncofoctal antigen in serum levels. For this purpose we 
cnnployed the strcptavidin-biotin inimunopcroxidase 
technique in 13 cases of retinobla5toma to evaluate the 
presence ancl distribution of neuron-specific enolase 
(NSE).  neurofilament protein (NF) ,  glial fihrillary acidic 
piutein ( G F A P ) ,  S-l00 protein. C E A  and AFP.  All 13 
tumours \tudicd stained for NSE. Seven of them showed 
GFAP- and S-l00 positive per ivasc~~lar  glial cells as well 
as cells distributed randomly in the tuniour that were 
interpreted as non tumour cells. All 13 retinohlustomas 
lacked detectable NF,  C E A ,  and AFP.  These results 
\ ~ ~ p p o r t  the idea that retinoblastomas are neuronal 
tumour\. although retinal glial cells may become 
incorporated in the tumour and proliferate in response 
to the t u ~ ~ i o u r .  
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Introduction 

Ret~noblastoma. a tuniour of neuroectoder~nal 
origin. 15 the most frequent intraocular neoplasm in 
childhood (Sang and Albert. 1982), making up 1-1.5%) of 
malignant infantile tumour\ (Albert ,  1982). G e n e t ~ c  
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transmission is well established in some groups of 
patients o n  the hasis of the niulticcntricity of the 
rctinial tumours. high incidence of other tumours and the 
presence, in a large number of cases. of deletion in tlie 
long arm of chi-omosome 13 (Knudson et al.. 1075: 
Sparkes and Spcirkes. 1979). 

Histologically. the majority of retinoblastomas are 
undiffcrcntiated. appearing as clusters and infiltrates of 
small r o ~ ~ n d  cells with large hyperchromatic nuclei ancl 
scant cytoplasm. Differentiation of these tumours 
PI-oduces three characteristic cell arrangements: 
Homer-Wright rosettes. Flexner-blintersteiner rosettes 
and fleurettes. All three are analogous to normal 
photoreceptor cell structures (Ts6 et  al..  1970: Popoff 
and Ellsworth. 1071: Choux et al . ,  1972: Dickson et al.. 
1976: Diaz-Flores et  al . .  1979). 

More than a century ago, Virchow 5uggested that 
rctinoblastomas originated in the supporting glial cells 
of the retina and designated tlie tumour (cglioma of 
the retina,). This theory was originally based on the 
assumption that neurons lose the capacity far  mitosis 
after birth ancl liencc should not give rise to ncoplusms. 
Using glial cell and neuron markers, different authors 
have found different patterns in retinoblastomas, but the 
capacity of these tumours for glial cell differentiation is 
now, at best, controversial (Lane and Klintworth. 1983: 
Terenghi e t  al..  1981: Molnar et al.. 1984: Craft et al..  
1985: Messnicr et  al.. 1985; Rus5ell and Rubinstcin. 
1989). Mature astrocytes can easily be f o ~ ~ n d  in retino- 
blastonias as isolated cells o r  in small groups, being niore 
numerous in tlie niore highly differentiated parts of tlie 
tumours (Messmcr ct al.. 1085), but most retinohlastonia 
cells clearly lack GFAP.  Since many tumour cells lose tlie 
capacity to synthesize specific cell markers. it is 
nevertheless possihle that retinoblastoma cells lacking 
G F A P  during t!rcir descent from primitive retinal glial 
cells have lost tlie ability to synthesize this antigen (Lane 
and Klintworth. 1903: Molnar et al.,  1984). 

In the work described here we used the streptavidin- 
hiotin inini~~noperoxidase technique to evaluate the 
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presence and distribution of neuron specific cnolase 
(NSE).  neurofilamcnt protein (NF) .  glial fihrillal-y 
acidic protein (GFAP)  and S-LOO protein in 
retinoblastomas from 13 cycs. We also in\,cstigatccl 
the presence of carcinoembryonic ; ~ n t i ~ c n  ( C E A )  ancl 
alpl~a-foetoprotein (AFP) in the tumours cells because 
of reports of raised oncofoetal antigen le\.els in the 
plasma of patients with retinobla.;torna and their 
relatives (Sang ancl Albert. 1982). 

Materials and methods 

The globes of 13 surgically cnuclc:~ted eycs with 
retinoblastoma and metastasized intracruneal tissue 
from one o f  these patients were inimersion-fixed in 
10%) formalin for 24 h. dehydrated with a graded 
ethnnol series and embedded in pal-affin. Sections 5 
pm thick were cut, mounted on glass slides co~~tec l  with 
chroniealum-gelatin and dried overnight at 37" C. 
After dcwaxing ancl rehydration. the sections were 
sun-ounded by Sigmacote (Sigma. St .  Louis. USA)  
and rinsed with 0.01 M phosphate-buffered saline. pH 
7 . 1  (PBS) .  The strcptavidin-hiotin bridge technique 
was ~ ~ s e d  for immunol~istochemistry. The  section.; nlcrc 
cuccessively incubated. following blocking rtcps: l )  

rabbit antiserum to  NSE (Dako)  at a tlilution of 
1:1.500. mouse antiserurn to  70 Kcl a r ~ d  200 Kd 
polypcpticle neurofilumcnt (Biogenex) at a clilution of  
1:200. n io~lse  antiserum to  S-100 (Biogcnc\)  at a 
dilution of : 0  m o u w  antiserum to G F A P  
(Biogcncu) at a dilution of 1:200. rabbit antiserum 
to AFP (13iogenex) at a clilution of 1:100. rabbit 
antiserurn to C E A  (Dako)  at a clilution of 1: I .(I00 (in 
each case for 2 h at 1" C ) :  2) biotin!rlatccl a~it ihody 
to  rabhit or  mouse (Biomakor. R e h o ~ o t .  Israel) at a 
dilution of 1:20 (for 30 minutes at room temperature): 
3)  streptavidin-peroxidase (Biomakor. Rcho\.ot. 
Israel) at :I dilution of  1:30 (for 30 m i n ~ ~ t e s  at 
soon-1 tcniprraturc): ancl 4 )  .3.3'-di:11ninohcnridinc 
tetrahydrochloride (Signia. St. Lo~lis .  USA)  at a 
dilution of 0.06% with 0.003% H,O, (for I 0  minute.; 

- - 

at room tcn~per :~ture) .  
Betiveen steps. the sections were rinsed with PUS 

(2  x 3 minutes). After step 4. tlic!, were rinsed n.ith 
distillecl water. dehydrated. cleared ancl moun~ecl.  

All cases studied wcre examinecl in parallcl with 
positive and negative controls. Prenbsorption controls 
were perfornled by preincubation of each antiscrum 
with the homologous antigen. 

Fresh tissue from one case was fivecl in c;~cocl!latc- 

Fig. l. Dlffuse cytoplasmic staln~ng for N S E  In most tumour cells. X 400 
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Fig. 2. Groups of strongly GFAP-pos~tive cells arranged around blood vessels. u 300 

huffcl-ed 2 .5% glutaraldehyde. post-fixed in 1% osmium 
tetroxide. and embedded in spurr for electron 
microscop>,. Ultrathin sections wet-e stained with urunyl 
acetate ancl lead citrate for ultrastructural study. 

Results 

The l 3  retinoblastomas studied were positive for 
NSE. most tumour cells showing cliff~~sc c\toplasnlic 
staining. though intensity varied from one field to 
another (Fig. I ) .  I n  two tumours with appreciable 
photoreccptor differentiation faint staining in arcas 
containing Flexner-Wintcrstcincr rosettes \vas observed. 
None of the tutnours stained with NF. 

Sc\en of the rctinoblastomas studied contained 
groups of strongly GFAP-positive cells. The 
predominant pattern (Fig. 2 )  was a perivascular 
clistrihution of glial cells with rounded vesicular nuclei 
ancl abundant cytoplasm \\,it11 occasional cxtensi\e 
GFAP-containing c~toplasmic  processes. The adjacent 
unclifferentiated tumunr cells \vcrc small. with round 
h!ywrchronlatic nuclei ancl scant. GFAP-negative, 
c!.toplasni. In two of these seven cases we observecl cells 
that \vere stained with the G F A P  antibocly hilt were not 

associatecl with blood ~ e s s e l s ,  being instead randomly 
located among tumour cclls whose neuronal 
clil'i'crentiation was demonstrated in adjacent sections 
iinmunostained with NSE antibody. In the intracranc;~l 
tissue of the nietastasized case lai-ge nurnbcrs of 
GFAP-containing stellate cells interspersecl \vitti  
undiffercntiatc~l tumour cells lacking G F A P  were 
obser\,etl. 

The S-l00 results parallelled the G F A P  data. the 
same seven tumours being positive for both protein\. 
The predotninantly peri\~ascular strllatc immunostained 
cells n c r c  interspersed among a majorit\/ of S-100- 
ncgativc cells and showed nuclear ancl cliffu\e 
c\toplasnlic staining. 

When serial sections were comparecl. cross-rcacti\.ity 
was ohscr\ccl neither bctiveen glial markers and  anti- 
neuron-marker antibodies. nor between neuron markcl-< 
and anti-glial-marker antihodies. 

Tumour cells lacked detectable C E A  and A F P  in all 
13 c~lscs studied. This result cannot be attl-ibutctl to 
problems with the A B C  immunoperoxiclase tcchniclue. 
because the r e s ~ ~ l t s  with positive ancl ncgati\~c controls 
were quite satisfactory. 

The rctinohlastonia that was cxaminated at ultra- 
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Fig. 3. l_lltrastructural appearance of ret~noblastorna, show~ng abundant nuclear chrornat~n, sect~ons of elongated cell processes 
~ntercellular junctions and a number of neurosecretory granules. X 8,500 

structural level consisted predominantly of primiti\.e 
embryonal cells with abundant nuclear euchromatin ancl 
a large number of cytoplasmic ribosonies. Occasionally. 
the cclls formed rudimentary rosettes. Elongated cell 
processes were observed. containing numerous 
~nicrotubules and clustered ncurosccrctorv granule\. 
The granules were also present in the. till body 
(Fig. 3 ) .  

Discussion 

In the present study. as in a number of prev io~~s  
studies (Messmer et al.. 1985; Kivela, 1086: Rodrigucs et 
al.. 1986: Perentes et al.. 1987; Sawa et al.. 1987). all the 
retinoblasto~nas investigated were strongly positive for 
NSE. Though i t  s h o ~ ~ l d  be borne in mind that NSE is not 
always indicative of neural differentiation. i t  i \  
well known that is never expressed by glial cclls. None 
of our tumours appeared to express 70 Kd or 2iKI Kd 

neurofilnment polypeptido. Reported irnmunorencti\,ity 
for NF antibody in rctinoblastoma~ (Percntcs et al.. 1987: 
Russell and Rubinstein, 1989) has generally been slight 
aricl limited to isolated cells. Most a ~ ~ t h o r s  report negati\e 
results for the 200 Kd suhunit (Kivelii et al.. 1986) 
although others haw obtained positive response\ in 
isolated cells or. occasionally. in small groups of cells 
forming Flcxner-Wintersteiner rosettes (Pcrentes et al.. 
1987). Sawa (1987) saw positivity against (,S Kd NF 
antiscrum and slight positive response for the IS0 Kcl 
subunit. but no cells inimunostained with antiscrum 
against the 210 Kd protein. 

The finding that our retinoblastomas imni~~nostained 
positively for GFAP and S-100 protein is in ayccnicnt 
with several other reports (Lane and  Klintworth. 1983: 
Molnar et al.. 1981: Terenghi et al. .  1984; Mcssmcr et 
al.. 1985). The positive cclls were predominantly 
perivascular. as in studies hy Lane and Klintworth 
(1983), Kivelii et al. (1986) and Pcrentes et al. (1987). 
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\v110 suggested that as a secondary response. glial 
elcmcnts may have proliferated and migrated into o r  
around tlie tumour from the retina o r  (in the ca\c of 
metastasis to the central nervous system. as in one of 
our cases) from the brain o r  spinal cord. The finding 
of Ki~t.12 et al. (1986) that double indirect im~nuno-  
f l~~orescenc r  staining and immunohistochemist~.!; 
showed colocali~ation of virnentin and G F A P  supports 
tlie opinion that all tlie neurologlial elements seen in 
neuroblastomac are reactive like the neoplastic elements 
as d o  the results of Kivel2 et al. (1986) and Russell and 
Rubi115tcin (1989) o n  the distribution of reactivity to anti 
LCLI-7 nionoclonal antibody. Against this hypothesis it 
has been argued that glial cells are often found in 
retinohlastornas too far from normal astrocyte locations 
for migration to be plaustible (Russell. and Rubinstein 
1080): and since the cytological features of these glial 
elements art. indistinguishable from those of cells with 
~icuronal differentiation some authors consider tlie 
former to be neoplastic as well (Molnar et al.. 1984: 
Terenghi et al.,  1984: Craft et  al.. 1985: Messmer et al . ,  
1985: R o d r i g ~ ~ e z  et al., 1986). suggesting that in the 
course of the development of the tumours primitive 
retina glial elements have gi\-en rise to  both GFAP- 
positive cells and to other that have lost the capacity 
for synthesizing G F A P .  Unfortunately since normal. 
reactive and neoplastie astrocytcs all contain G F A P  
(Russell and Rubinstein, 1989) they cannot be 
distinguished immunohistochemieally ~ising this marker. 
In  some cases, they have been stated to be neoplastic 
when they may have been stromal (Russell ancl 
Rubinstein. 1989). Only in a case described by Messmer 
et  al. ( 1985) was the tumour so  predominantly composed 
o f  astrocytes as to be cla5sifiable as an astrocytoma. 

The ultrastructural appearance of retinoblastomas 
\,aries with their degree of differentiation. In well- 
differentiated tumours with rosette\. photoreceptor 
differentiation and apical cilia in C) + 10 conf ig~~rat ion are 
t.\,ident. In poorly differentiated t ~ ~ m o u r s  distinctive 
neural features such as euchromatic nuclei. numerous 
c! toplasmic ribosomes and neurosecretory granules are 
o h e r v e d  (Tsti et al., 1970; Popoff and Ellsworth. 1971: 
Dickson et al..  1976: Ramsay et  al . ,  1979). Pure 
photoreceptor differentiation is questioned by some 
electron microscopic studies of medulloblastoma (a 
tumour of similar origin) which have found glial and 
neuronal elements) (Seherenberg and Liss. 1969: Erniel 
L I I ~ ~  Bruche. 1974: Barnard and Pambakian, 1980). 

The significance of the high levels of oncofoetal 
antigens that have been detected in the sera of some 
retinoblastoma patients has yet to be assessed (Sang 
and Alhert. 1982: Das et  al..  1984). We failed to 
find C E A  o r  A F P  in any of the tumours we studied. 
Unfortunately, the serum C E A  and A F P  levels of these 
patients were not determined. 

In conclusion. O L I ~  i m m u ~ i ~ p e r ~ x i d a s e  s t ~ ~ d y  ~ising 
anti bodies to IVSE, G F A P  and NF confirmed previous 
observation5 I,!; other researches that significant 
numbers of glial cells are common in retinoblastomas. 
On the basis of their predominantly perivascular 

dictrihution and cliaractcristic stellate shape. \\,c 
conclude that they are prohahly reactive. We believe. 
however. that further progress on the cluestion of tlie 
possihle niultipotentially of retinoblastonia cells \vill 
rec l~~ire  stuclics using the retinoblastoma cell cultures 
that lia\.r Ixen established (Reid et  al . ,  1974: McFall 
et al..  1977: Kyritsis et  al.,  1984: Kyritsis et  al . .  1984. 
IOS(>: Tsc~kos et  al..  1986). 
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