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Figure 5: Retinal cell
development and antigen
expression with respect to
seven significant antibodies.
The tissue staining scored
above the overall mean
staining ofadult retina for
the particular antibody is
regarded as positive.
Antibodies binding to
retinoblastoma and adult
retinal layers are shown as
+, and those marking 13 and
16 week fetal layers are
indicated by number.
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Although none of the antibodies were found to

be tumour specific, some did display a degree of
oncofetal specificity such as P1153/3 and, to a

lesser extent, FD32.2 and FD44. All of the pan-
neurorectodermal and neuroblastic markers dis-
played strong affinities for retinoblastoma, but
UJ167. 11 and UJ308, also raised against neuro-

ectodermal tissue, were found to be negative.
Moreover the neuroblastoma marker MI/NI was

found to have no reactivity for any of the tissues
assessed here. Conversely FD44 does not bind to
neuroblastoma in vitro4 but was strongly local-
ised to areas of retinoblastoma. UJ181.4 had
previously been found to mark only neuro-

ectodermal tumours and fetal brain,4' yet was

found here to bind equally to fetal and adult
retina as well as retinoblastoma.

In this and previous investigations it has been
shown that the Thy-1 antigen is associated with
retinal ganglion cells"' and neuroectodermally
derived tumours,'3 I but also with collagen
fibres.12 Similarly, FD32.2 displayed affinity for
fetal retina, adult photoreceptors, and retino-
blastoma, but also choroid and sclera. Thus care

must be taken in interpreting the origin of
retinoblastoma cells from the expression of these
antigens.
The phenotypic profiles identified in this

study show that retinoblastomas may be dis-
tinguished from related retinal tissue by their
antigenic characteristics. Clinical immunolocali-
sation, however, requires that individual cells be
discriminated from their environment by the
consistent expression of specific cell surface
markers. Operational specificity may be
achieved in environments such as cerebrospinal
fluid"'"2 or bone marrow samples.'81314 For a

more general application of these techniques a

greater degree of specificity is required than can

be afforded by any single antibody, particularly
for therapeutic targeting, where the aim is selec-
tive tissue destruction. More precise localisa-

tions may be achieved by the use of a panel of
monoclonal antibodies with overlapping affini-
ties for multiple staining techniques or combined
immunotherapy.
Owing to the heterogeneity of retinoblastoma

with respect to some antigens, a panel of mono-
clonal antibodies best able to characterise a
tumour mass, which expresses all potential anti-
gens, may differ from one used to localise
individual tumour cells.

HISTOGENESIS
The panel of antibodies was used to compare the
antigen profile of retinoblastoma with those of
adult and fetal retinal cells in order to help define
the origin of the tumour.
The stem cells of tumours derived from adult

tissue have been defined on the basis of residual
differentiation characteristics. It is thought that
retinoblastoma, arising from immature tissue, as
well as retaining existing characteristics may
express those within the potential of its stem cell
as tumour differentiation occurs" 18 20 23 42 and
hence recapitulate some normal retinal develop-
ment.
A comparison of the immunohistological

characteristics ofretinoblastoma and adult retina
indicated homology with both ganglion and
photoreceptor cells, suggesting that the tumour
cells can exhibit characteristics of both these cell
types simultaneously or can undergo alternative
differentiation under the influence of environ-
mental factors. The antigenic heterogeneity seen
in retinoblastoma supports the latter case. The
greater oncofetal localisation of P1153/3,
FD32.2, and FD44 resulted in a closer homology
between retinoblastoma and fetal cells than for
adult cells. The homology identified between
early fetal ganglion cells and retinoblastoma
could not be compared with that of photo-
receptor cells, as these cell types are absent at this
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stage of development. Despite the parallels in
antigen profiles, characteristic differences
between retinoblastoma and differentiated
retinal layers identified in this and other
studies'5 1718 23 24 preclude the tumour arising
from any particular retinal cell type.

Figure 5 illustrates the retinal cell develop-
ment43 and antigen expression of retinal cells.
The closest single comparative cell type with
retinoblastoma was found to be the 13-16-week
inner retinal cell, though it was found that the
tumour expressed antigens associated with both
inner and outer retinal layers. Moreover other
studies have shown that retinoblastoma exhibits
characteristics of photoreceptor differentiation,
such as retinal s-antigen," 23 24 opsin,' inter-
retinoid binding protein, "' neuron-specific
enolase,'5'725 and cyclic guanosine monophos-
phate.'5 Hence a putative retinoblastoma
progenitor cell has potential for photoreceptor as
well as inner retinal cell differentiation. In
relation to the retinal cell development this
implies a tumour origin from a primitive neuro-
epithelial cell type predominating prior to the
8th week of gestation; more developed cells
would not combine the capacity to express both
photoreceptor and ganglion cell characteristics.43
Such a primitive pluripotential stem cell would
be expected to differentiate according to its
environment, producing a mixed cell population
with the phenotypic heterogeneity found in
retinoblastoma, and no exact parallel in antigen
expression would be expected with any single
mature retinal cell type. The number of such
vulnerable neuroepithelial cells is greatest before
eight weeks' gestation and would steadily decline
throughout later development, resulting in a
decreasing incidence of retinoblastoma with
increasing age.
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