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LETTER TO THE EDITORS

PEDF: A Pigment Epithelium-derived Factor with Potent
Neuronal Differentiative Activity

It has long been recognized that the retinal pigmented
epithelium (RPE) is crucial to the normal development
and function of the neural retina. A variety of
molecules, including a number of growth factors, are
synthesized and secreted by RPE cells and may play a
role in the organization, differentiation and normal
functioning of the retina {(Adler and Severin, 1981;
Bryan and Campochiaro, 1986; Rosenbaum et al.,
1987; Schweigerer et al., 1987; 1987; Campochiaro
et al., 1988 Connor et al., 1988; Wong et al., 1988;
Elner et al., 1990; Hewitt et al., 1990). Recently, RPE
cells and medium conditioned by RPE cell cultures
have been shown to influence retinal cell development
both in vivo and in vitro (Vollmer etal., 1984;
Vollmer and Layer, 1986; Liu etal.,, 1988, 1990;
Allen et al., 1988; Spoerri et al., 1988; Sheedlo and
Li, 1990).

In a previous study, we used the human Y79
retinoblastoma cell line as a model to study the effects
of RPE secretory products on cells of neural retinal
origin. Retinoblastoma is an intraocular tumor
thought to be derived from primitive, multipotential
retinoblasts. Cultured retinoblastoma cells have been
shown to retain the multipotential nature charac-
teristic of their cells of origin (Kyritsis et al., 1987).
Human fetal RPE cell-conditioned medium (RPE-CM)
was shown to potentiate the differentiation of Y79
retinoblastoma cells into cells that exhibit both
morphological and biochemical characteristics of
neurons (Tombran-Tink and Johnson, 1989a). In an
attempt to identify specific factors in RPE-CM re-
sponsible for this neurotrophic activity, RPE-secreted
proteins were fractionated by SDS polyacrylamide gel
electrophoresis, selected proteins were electroeluted
from gel slices, and the eluted proteins were tested for
effects on the differentiation of Y79 cells in vitro. A
fraction containing a 50-55-kDa protein doublet
(RPE-54) unique to human fetal RPE-CM when
compared to control, non-conditioned medium, was
found to mimic the neurotrophic effects exhibited by
the complete human fetal RPE-CM (Tombran-Tink
and Johnson, 1989b).

Recently, ion-exchange and size exclusion HPLC
have been utilized in an improved purification regime
to purify further this pigmented epithelium derived
factor (PEDF) (manuscript in preparation). Following
purification, PEDF appears as a single, closely spaced
50-kDa doublet in SDS-gels stained with Coomassie
Blue (Fig. 1) or silver. Preliminary sequence analyses
have confirmed the presence of a single protein species
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in the purified preparations. As described here, we
have further characterized PEDF as a potent inducer of
neuronal differentiation of Y79 retinoblastoma cells.
The experimental procedure used to test neurotrophic
effects of PEDF on Y79 cells were the same as those
previously used to study the effects of complete human
fetal RPE-conditioned medium and RPE-54 {Tombran-
Tink and Johnson, 1989a,b). Briefly, Y79 cells were
pre-treated (stimulated) in suspension culture for 7
days with 50-250 ng ml! PEDF in serum-free MEM
supplemented with insulin, transferrin, selenium,
sodium pyruvate, Hepes and minimum essential
amino acids. Following stimulation with PEDF, the
cells were seeded onto poly-D-lysine-coated glass
coverslips and maintained for the duration of the
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F1G. 1. Coomassie blue-stained SDS polyacrylamide gel
showing the purification of PEDF from human fetal RPE-
conditioned medium. Lane A, Molecular weight standards
(labeled in kDa). Lane B, Human fetal RPE-conditioned
medium; the PEDF doublet that is unique to RPE-CM
(compare with Lane C) is indicated by the arrowhead. Lane
C, Control non-conditioned medium. Lane D. PEDF as
purified from RPE-CM by ion exchange and size exclusion
HPLC.
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experiment in serum-free MEM without PEDF. In
comparison to untreated cells {Fig. 2(A)], the majority
of PEDF-treated Y79 retinoblastoma cells extend long
neurites within 3 days of attachment [Fig. 2(B)]. These
can be seen to interact with neurites from adjacent
cells, forming a complex meshwork of interlacing
processes. Y79 cells induced to difierentiate by PEDF
also express the neuronal marker molecules, neuron-
specific enolase [Fig. 2(C) and (D)] and the neuro-
filament proteins [Fig. 2(E) and (F)].

Both human fetal RPE-CM and the crude RPE-54
fraction produce similar effects in Y79 cells, but the
effects are usually observed 8-10 days following
attachment of stimulated cells. Moreover, this response
usually requires the addition of laminin (a promoter
of neurite outgrowth). However, purified PEDF stimu-
lates elaborate neurite outgrowth at very low con-
centrations (as low as 50 ng ml~!) in a shorter period
of time (i.e. 3 days) and its effect is not dependent on
the presence of laminin. In addition, the length of the
stimulatory (suspension culture) period required for
PEDF is shorter (35 days) than that for human fetal
RPE-CM or the RPE-54 fraction (7-10 days). The
relatively high potency of PEDF in comparison to
complete RPE-CM may be due, at least in part, to
inhibitors or degrading enzymes present in the
complete medium that reduce the concentration of
bioactive PEDF.

Thus, we have purified a 50-kDa protein, termed
PEDF, that is secreted by human fetal RPE cells and is
a potent inducer of neuronal differentiation of Y79
retinoblastoma cells. Sequence analysis of PEDF is
under way and its possible therapeutic use in
treatment of retinal degenerative and other retinal
diseases is currently being examined.
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