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Background/aim: Nestin is an intermediate filament marker for neural progenitor cells. The authors
aimed to identify nestin positive cells in adult human retina and within surgically removed epiretinal
membranes.
Methods: Adult human retina and epiretinal membranes were studied. Tissue was fixed and processed
for semithin sections or whole mount preparations for immunohistochemical detection of nestin and glial
fibrillary acidic protein (GFAP) expression.
Results: Nestin positive cells are most prominent at the ora serrata, possess fibrillary processes, small
amounts of perinuclear cytoplasm, and are arranged radially within or superficially on the retina. In the
posterior retina, speckled cytoplasmic nestin staining is seen around the nuclei of neurons. In the peri-
papillary retina most of the cells in the retinal ganglion cell layer are nestin positive. These cells appear
to represent nestin positive neurons. Speckled cells are also seen in the myelinated portion of the optic
nerve. In epiretinal membranes patches of elongated nestin positive cells were found. These cells were
also positive for GFAP.
Conclusions: Some neurons and glia in the adult human retina are nestin positive. Their pattern in
anterior retina suggests an analogy with the ciliary marginal zone found in many other species. The
role of these cells in pathological responses to retinal disease is suggested by the presence of large
numbers of ectopic nestin positive cells in epiretinal membranes. The authors hypothesise that nestin
positive cells represent a population of progenitor cells from normal adult human retina that differenti-
ate to make up retinal scar tissue.

Progenitor cells are found in most tissues where they are
able to self renew and to differentiate into various pheno-
types (multipotential) to generate or regenerate tissues.

In the normal adult mammalian central nervous system
(CNS) tissue repair and regeneration appear limited owing to
a paucity of progenitor cell types or an environment that
inhibits (or does not permit) certain patterns of differentia-
tion. Alternatively, regeneration may be ongoing but unseen,
except where deficiencies give the appearance of neurodegen-
eration. Identifying progenitor cells is difficult. Markers of
mature phenotype are absent until differentiation, when
markers of the undifferentiated state are lost. The pattern of
intermediate filament gene expression changes according to
cellular status.1 Nestin is a recently characterised class IV
intermediate filament expressed in the early CNS2 first
described in the neural tube and somites (recognised by the
antibody Rat.401).3 Nestin now is increasingly used as a
marker for neural progenitor cells.

The two components of the optic vesicle—the inner neural
retina and the outer retinal pigment epithelium—are largely
developed by the early postnatal period in rodents.4 In the
adult mouse eye single pigmented ciliary margin cells have
been found which exhibit clonal proliferation in vitro and can
differentiate into rod photoreceptors, bipolar neurons, and
Müller glia.5–9 These cells proliferate in the presence of basic
fibroblast growth factor (bFGF) and express nestin.4 Retinal
progenitors derived from adult9 or embryo10 donors proliferate
and differentiate when transplanted into models of degenera-
tive diseases. Neonatal or embryonic rat retinal neural
progenitor cells proliferate in vitro over 3 weeks, express nes-
tin and differentiate into neurons, glia, or photoreceptors.7

Although neural progenitor cells can be isolated from the
human brain after death,11 no reports of such cells having been
isolated from the human retina exist.

The importance of this issue lies in the possible role such
cells may have in homeostasis of normal tissue and response
to injury and disease (where they may display a regenerative
faculty or be involved in abnormal healing—that is, scarring).
We report on the identification of such cells in the normal
human retina and within epiretinal membranes and discuss
the implications of our findings in the context of retinal
disease.

METHODS
Adult human retina was obtained from donors (to the Corneal
Bank, Bristol Eye Hospital) within 24 hours post mortem,
with research consent. Epiretinal membranes were obtained
from patients undergoing vitreoretinal surgery for a variety of
conditions, including proliferative vitreoretinopathy and idio-
pathic epiretinal membranes. Informed consent was obtained
from the patients, and South West Region ethics committee
approval was obtained for this work (reference E 4614).

Tissues were fixed in 1% buffered paraformaldehyde.
Retinal samples were subsequently immersed in 20% sucrose
overnight before embedding in OCT and snap freezing in
liquid nitrogen. Sections of 12 µm were cut on a cryostat and
air dried onto poly-L-lysine coated glass microscope slides or
were processed as whole mounts. Sections were then soaked
in phosphate buffered saline (PBS) for 20 minutes, before
endogenous tissue peroxidase was neutralised and the
sections were washed again. A serum block (10% horse serum,
Vector Labs, in 2% bovine serum albumin (BSA) with 0.01%
Triton X100) was applied. Primary antibody was applied with
2% BSA at 4°C overnight (negative controls included
irrelevant isotype mAb). Primary anti-human nestin (Chemi-
con) was used at 1 in 200. A biotinylated secondary antibody
was applied in 0.1% BSA. Antibodies were visualised using the
ABC kit (Vector) followed by a 3,3’-diaminobenzidene
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reaction. Sections were counterstained with haematoxylin
before dehydration, clearing in xylene, and mounting. For
immunofluorescence the primary antibody to glial fibrillary
acidic protein (GFAP) (Dako) was used at 1 in 1000. Fluores-
cent secondary antibodies (Jackson Immunochemicals, USA)
were used at 1 in 50.

RESULTS
Normal adult human retina
Nestin positive cells were identified in normal human retina
by immunocytochemistry. There are at least two morphologi-
cally distinct nestin positive cell types in the human retina.
The first type of cell displayed speckled cytoplasmic nestin
expression (Fig 1). The second cell type was elongated, with
filamentous processes and smaller amounts of perinuclear
cytoplasm (Fig 2). Occasionally cells had both features (see
below). No nestin positive cells were found in the outer retina.
These cell types were not evenly distributed in the adult
human retina (see below). Specificity to nestin was confirmed
by the absence of staining with isotype control mAb.

Optic nerve
Posteriorly in the optic nerve, nestin positive cells are found
beyond the point where myelination begins (Fig 1A, B). These
speckled cells are found associated with bundles of myelinated
nerve fibres, within the optic nerve.

Peripapillary retina
The peripapillary retina displayed nestin positive cells in the
ganglion cell layer (GCL). These cells have a rounded
morphology, and speckled cytoplasmic staining (Fig 1C, D, E).
Speckled nestin staining was also noted in the inner nuclear
layer (INL) (Fig 1F), similar to those seen in the GCL. In this
part of the retina, there was minimal fibrillary staining in the
inner limiting membrane (ILM) and nerve fibre layer (NFL).

Posterior and equatorial retina
The posterior and mid-peripheral retina showed only occa-
sional nestin positive cells in the GCL, but these are very infre-
quent. Occasional fibrillary nestin positive cells were seen in
the ILM and NFL.

Peripheral anterior retina
The pattern of nestin staining was dramatically different in
the extreme retinal periphery. At the ora serrata the retina was
most heavily populated with nestin positive cells (Fig 2A, B).
The increase in the number of nestin positive cells was accom-
panied by a marked increase in filamentous cell staining. Fila-
mentous cells were superficial (arranged in the ILM and NFL)
or radial. Their processes were continuous in places and often
contributed to the most superficial element of the ILM, where
we also observed less frequently somata (Fig 2C, D). Cells that
spanned the retina were similar in morphology to Müller cells
(Fig 2). Occasional cells are found with rounded morphology

Figure 1 Speckled nestin positive
cell distribution in adult human retina.
Composite of nestin
immunocytochemistry of adult human
retina to the show morphology,
extent, and distribution of speckled
nestin positive cells in the adult
human retina. All scale bars represent
20 µm. (A) The optic nerve contains
speckled cells within the myelinated
nerve fibre bundles and where the
latter meet fibrous septa. (B) A high
power view of speckled cytoplasmic
staining in a cell in the optic nerve.
(C) A cross section of peripapillary
retina showing the distribution of
nestin immunoreactive cells within the
ganglion cell layer (GCL) and inner
nuclear layer (INL). (D) Retinal
ganglion cell nuclei in the GCL
showing speckled cytoplasmic
staining. (E) Retinal ganglion cell
nuclei in the GCL showing speckled
cytoplasmic staining. Here not all
retinal ganglion cell nuclei are
associated with nestin positive
cytoplasm. (F) Nuclei in the INL were
sometimes associated with speckled
cytoplasmic staining.
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and speckled cytoplasmic staining (Fig 2E), similar to those
seen in the posterior retina around the nuclei of neurons.
Some cells show both patterns of staining (Fig 2F). Nestin
positive cells were occasionally also observed around blood
vessels.

Epiretinal membranes
Ectopic nestin positive cells found in clumps (Fig 3A, B) con-
stituted the major cell type in epiretinal membranes (ERM).
The nestin positive cells in ERM were elongated and none was
speckled. The presence of nestin positive cells in epiretinal
membranes is perhaps not surprising as these cells often lie at
the innermost aspect of the retina (see above). However the
epiretinal membranes were removed from posterior and mid-
peripheral retina, where such cells occur in very small
numbers or are completely absent. The nestin positive cells in
epiretinal membranes were all GFAP positive when these cells
were co-stained for GFAP (Fig 3C, D, E).

DISCUSSION
In adult human retina and ERM (surface scarring) removed
during retinal surgery, we found different nestin staining pat-

terns associated with cells of neural and glial morphology. The
cells with speckled cytoplasm were found in layers where
neuronal somata are present and the fibrillary nestin staining
cells are morphologically and geographically more similar to
glial cells. In ERM these cells co-expressed with GFAP. Differ-
ent patterns of cytoplasmic staining are not unusual for inter-
mediate filaments in different contexts.12 13 Nestin expression
is differently modulated during neuronal and glial differentia-
tion in human neural progenitor cells.14–16 Nestin positive neu-
ral progenitor cells have been described in the eyes of adult
mammals.4 7 8 Nestin mRNA and protein levels correlate
during CNS development2 and reflect the ability of cells to
proliferate1 in the brain. Although not all neural progenitors
express nestin,1 17 nestin immunoreactivity suggests the pres-
ence of neural progenitor cells or cells derived from them.
Some post-mitotic cells of the CNS express nestin,1 18 as do
some cells of non-CNS origin (including skeletal muscle and
peripheral nervous system).2 3 19 In adult human retina, the
nestin staining we describe suggests that the ora serrata may
be a growth or germinal zone, equivalent to the anatomically
similar ciliary margin zone (CMZ). The CMZ is a proliferative
area that has been identified in numerous species, including

Figure 2 Nestin positive cells with
an elongated morphology in the adult
human retina. Composite of nestin
immunocytochemistry of adult human
retina to the show morphology, extent
and distribution of elongated nestin
positive cells with fibrous processes in
the adult human retina. All scale bars
represent 20 µm. (A) The peripheral
retina contains large numbers of
nestin positive cells, with elongated
fibrous processes. Some are radially
and others superficially arranged.
This section of retina contains an area
of cystic retinal change. (B) A high
power view of the retinal surface in
the peripheral retina. Radial and
superficial fibres interlock and are
continuous. (C) Some nestin positive
cells form the innermost layer of the
retina (arrowed). These cells give rise
to processes running along the retinal
surface. (D) In the anterior retina,
some cells are found with speckled
cytoplasmic staining (arrowed), in
close association with nestin positive
fibrous processes. (E) In the
peripheral retina some speckled cells
(arrowed) are seen to give rise to
fibrous processes. (F) Nestin positive
cells extend right up to the ora
serrata. The cells with fibrous
processes extend right up to the ora
serrata.
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fish, reptiles, birds, marsupials, and mammals, and gives rise
to new retinal cells.20

Nestin expression was originally shown by immunocyto-
chemistry to occur in radial glial cells and CNS progenitor cells
of the early spinal cord.3 In the developing neural tube prolif-
erating CNS progenitors arise from specific zones.2 3 19 21–23 As
the progeny of these cells migrate away they follow radial glial
cells,24 25 another mitotically active cell of the progenitor
group.21 26 Radial glia are a transient cell population in many
parts of the CNS.1 3 Radial glia in the adult mammalian
cerebellum retain the capacity to increase their nestin immu-
noreactivity when they direct the migration of immature
cells.27 The expression of nestin in radial cells in adult retina in
regions close to the ora serrata suggests that these cells may
represent a subset of neural progenitors, able to direct new
cells. Without further isolation, temporal, and functional
studies we cannot confirm that the nestin positive cells in
adult human retina or from retinal scar tissue are neural pro-
genitors.

Nestin positive cells in the adult human retina display mor-
phological and geographical similarity to neurons, including
retinal ganglion cells, other neurons, and Müller cells. In the
adult human brain nestin positive neurons are found in the
hippocampus18 in cells prone to degeneration in Alzheimer’s
disease; nestin immunoreactivity in retinal ganglion cells
(prone to degeneration in glaucoma) may be comparable.

Neuronal and glial replacement are hypothetical as we do
not know if this process is occurring. Nestin positive cells may
play a part in the maintenance of the normal retina. Alterna-
tively these cells may upregulate nestin expression in response
to an unknown stimulus (for example, cytoskeletal repair).
The latter may seem the more feasible in normal retina but
does not so readily explain the observations in epiretinal
membranes. The presence of progenitor cells explains the var-
ied cellular elements (of uncertain origin28) found in these
abnormal scars arising from diverse pathological processes.28

Their presence in ERM implicates them in retinal responses to

injury and disease, akin to astroglial scar formation following
cortical injury in adult mice.29 The pattern of division and
differentiation of progenitors reflects the variety of growth
factors and cell signals documented in epiretinal
membranes.30–34

The presence of these cells challenges the dogma that the
adult human retina does not regenerate or undergo cellular
replacement throughout life, possibly similar to the CMZ in
other species. Their large numbers in ERM implicates them in
retinal responses to disease and injury. Progenitor cell derived
elements may be responsible for retinal scars occurring in
retinal detachment, inflammation, vascular occlusion, degen-
eration, idiopathic epiretinal membranes, and macular holes.
Retinal disease could divert progenitor cells from homeostasis
into scar formation, not to mention increase their division
and/or recruitment.
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Figure 3 Nestin positive cells in
epiretinal membranes removed
surgically, from the posterior retina.
Composite of nestin positive cells in
epiretinal membranes removed
surgically. All scale bars represent 20
µm. (A) A clump of nestin positive
cells, with elongated fibrous
processes in an epiretinal membrane
removed surgically. All nestin positive
cells identified in epiretinal
membranes (ERM) had elongated and
fibrous processes. (B) A high power
view of nestin positive cells in an
ERM. Not all cells are nestin positive.
Immunofluorescence demonstrates
that GFAP (C, green) and nestin (D,
red) co-localises in many cells in
epiretinal membranes (E).
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