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Laser photocoagulation alters the pattern of staining for
neurotrophin-4, GFAP, and CD68 in human retina
S M S Ghazi-Nouri, A Assi, G A Limb, R A H Scott, K von Bussmann, I Humphrey,
P J Luthert, D G Charteris
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Br J Ophthalmol 2003;87:488–492

Aims: To investigate the staining pattern of neurotrophin-3 (NT3), neurotrophin-4 (NT4), and brain
derived neurotrophic factor (BDNF) as well as glial fibrillary acid protein (GFAP) and CD68 in lasered
human retina.
Methods: Retinal laser photocoagulation was performed on four patients (two males, two females) with
choroidal malignant melanoma 1–6 days before enucleation. Three other enucleated eyes with malig-
nant melanoma and three normal cadaveric donor eyes were used as controls. Immunohistochemistry
was performed to investigate the pattern of staining of NT3, NT4, BDNF, GFAP, and CD68 in 7 mm
sections of fixed specimens.
Results: Expression of NT4 was detected in the inner and outer nuclear layers of all the retinal sections
examined but no NT3 and BDNF staining was seen. NT4 staining was found to be less intense in
lasered and melanoma controls compared to normal cadaveric donor retinas. There was an upregula-
tion of GFAP expression in both lasered and control eyes with melanoma in comparison with normal
controls. CD68 staining was only observed in retinal pigment epithelium and choroid of lasered eyes.
Conclusion: NT4 is expressed in inner and outer nuclear layers of normal human retina and its
expression is downregulated following laser photocoagulation. This occurs in parallel with an
increased expression of GFAP suggesting that reactive changes in Muller cells may be responsible for
reduced NT4 staining. Expression of CD68 at the site of laser injury is consistent with a wound healing
process as a response to local damage.

Laser photocoagulation is an established treatment for a
number of retinal neovascular diseases; however, the
mechanism of its action is not yet fully understood. Retinal

photocoagulation causes outer retinal necrosis, hyperplasia of
the retinal pigment epithelium (RPE), and glial cell prolifera-
tion and migration, eventually leading to localised fibrous scar
formation.1–3 Cellular activation may be reflected in changes of
expression of various markers such as glial fibrillary acidic
protein (GFAP), which is highly expressed by astrocytes but
minimally expressed by resting Muller cells, which increase
their expression of GFAP when activated.4 Similarly, RPE cells,
which do not normally stain for CD68 in vivo, express this
molecule under culture conditions as evidence of activation.5

Upregulation of cell marker expression has become an impor-
tant marker of injury in central nervous system tissues
including the retina,4 6 where GFAP upregulation in Muller
cells occurs rapidly after retinal detachment7 as well as
following laser photocoagulation.4 8

Neurotrophins (NT) are trophic and mitogenic proteins
that have a role in the development, differentiation, connec-
tivity, and survival of neurons in the central and peripheral
nervous system, including the retina. Brain derived neuro-
trophic factor (BDNF), neurotrophin-3 (NT3), and

neurotrophin-4 (NT4) have been demonstrated to promote
retinal ganglion cell survival after injury and BDNF is
thought to aid in the recovery of the retina after
reattachment.9–14 NT4 (also called NT5) is the most recently
discovered NT in mammals and its biological role is not fully
understood. All NT knockout mice have proved lethal during
early postnatal development apart from NT4 deficient mice
that only show minor cellular deficits and develop normally
to adulthood.15 NT4 knockout mice have recently been
reported to require NT3 in early postnatal development and
NT4 later in mature animals for survival of the sensory
neurons.16 The biological activities of neurotrophins are
mediated by two classes of cell surface receptors: the neuro-
trophin receptor p75, which binds all neurotrophins with
similar affinity, and the trk family of receptor tyrosine
kinases. Each of the three trk receptors has preferential
ligands (NGF for Trk A, BDNF and NT4 for Trk B, and NT3 for
Trk C).17–19

The cellular and molecular events induced by retinal photo-
coagulation and the subsequent wound healing response are
complex and as yet incompletely characterised processes.
Experimental models suggest that these events are regulated
by a variety of growth factors,20 but neurotrophins so far have

Table 1 Features of laser treated melanoma eyes

Specimen Age Eye
Tumour
location

Location of
laser burns Laser spot energy

1 70 left macular nasal 400–700 mW
2 82 left inferior superior 410–650 mW
3 70 right superior inferior 30–60 mW
4 47 right inferior superior 30–60 mW

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Mr S M Ghazi-Nouri,
Vitreoretinal Research Unit,
Moorfields Eye Hospital,
City Road, London
EC1V 2PD, UK;
snouri@doctors.org.uk

Accepted for publication
12 September 2002
. . . . . . . . . . . . . . . . . . . . . . .

488

www.bjophthalmol.com



not been implicated. The purpose of this study was to analyse
alterations in protein expression of the neurotrophins, BDNF,

NT3 and NT4 in lasered human retina. The expression of GFAP
and the macrophage marker CD68 in the laser induced retinal
lesions were also assessed to determine the relation of neuro-
trophin expression to other markers of the retinal response to
laser injury.

PATIENTS AND METHODS
Specimens
Laser photocoagulation was performed on the retinas of four
patients (two males and two females, median age 70 years)
before undergoing enucleation for malignant melanoma of
the choroid (Table 1). The study was performed in accordance
with the ethical standards laid down in the 1964 Declaration
of Helsinki and approved by Moorfields Eye Hospital research
ethics committee.

Patients with pre-existing retinal disease or clinically
significant retinal detachment associated with the choroidal
melanoma were excluded from the study. All four patients
received three rows of 10–15 creamy white argon green laser
burns away from the choroidal melanoma. Laser photocoagu-
lation was performed 1 day before enucleation in one patient,
2 days before enucleation in one patient, and 6 days before
enucleation in two patients. Laser spots were 500 µm and of
0.1 second duration. Other laser treatment details are
summarised in Table 1. Eyes were fixed in 4% paraformalde-
hyde in 0.1 M phosphate buffer (pH 7.4) immediately after
enucleation.

Immunohistochemical staining
Retinal tissue containing the laser foci were paraffin
embedded and sections of 7 µm thickness prepared for immu-
nohistochemistry. Retinal sections from three non-lasered
eyes with malignant choroidal melanoma and three normal
eyes from corneal donors with normal retina were used as
controls. Slides were immersed in pepsin solution (0.4 g in 100
ml of 0.1N HCl) at 37°C for 15 minutes, washed twice in TRIS
buffered saline (TBS) and placed in 0.5% blocking reagent
(Roche Diagnostics, Germany) in TBS for 20 minutes. Sections
were incubated overnight at room temperature with a panel of
primary monoclonal antibodies diluted in 0.5% blocking
reagent in TBS as follows: anti-BDNF (MAB248, 10 µg/ml,
R&D Systems, UK); anti-NT3 (MAB267, 5 µg/ml, R&D
Systems, UK); anti-NT4 (MAB268, 5 µg/ml, R&D Systems,
UK); anti-GFAP (Clone 6F2, 10 µg/ml Dako, Denmark); and
anti-CD68 (Clone PG-M1, 10 µg/ml, Dako, Denmark). Mouse
IgG isotypes matching those of the test antibodies (Sigma,
UK) were used as negative controls in the assay. Following
incubation with primary antibody, specimens were washed
and further incubated for 30 minutes with 50 µl of biotin
labelled rabbit anti-mouse antibody (Dako, UK). After
washing in TBS, slides were then covered with 50 µl
streptavidin-AP complex (Dako, Denmark) and incubated for

Table 2 Immunohistochemical staining of lasered and control retinas

Specimen
number Origin of specimen

Laser before
enucleation (days) NT4 GFAP CD68

1 Melanoma 1 +* +++‡ +
2 Melanoma 2 +* +++‡ +
3 Melanoma 6 +* +++‡ ++
4 Melanoma 6 +* +++‡ ++
5 Melanoma NA +† +++‡ −
6 Melanoma NA +† +++‡ −
7 Melanoma NA − +++‡ −
8 Cadaveric donor NA ++† +§ −
9 Cadaveric donor NA ++† +§ −
10 Cadaveric donor NA ++† +§ −

Intensity of staining: +++ = strong, ++ = moderate, + = mild, − = negative. *Staining reduced in outer
nuclear layer at the site of the laser burn, †staining of inner and outer nuclear layers of the retina, ‡staining
throughout the whole retina, §scattered staining of cells predominantly in the nerve fibre layer.

Figure 1 Pattern of NT4 staining in normal and laser treated
retinas. Haematoxylin and eosin and anti-NT4 stain. (A) Normal
retina showing intense NT4 staining in inner and outer nuclear layers
(arrows), 50× magnification. (B) One day post-laser showing
reduced NT4 staining in ONL (arrow). This reduced staining is
confined to the extent of laser injury, 50× magnification. (C) Six days
post-laser showing atrophic ONL at the site of laser with only a few
cells seen and reduced NT4 staining (arrows), 100× magnification.
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45 minutes, washed twice with TBS, and further incubated for
30 minutes with 50 µl of alkaline phosphate substrate (Vector
Red Vector Laboratories, UK). Slides were counterstained with
Mayer’s haematoxylin before microscopy analysis. Selected
non-immunolabelled sections were also stained with haema-
toxylin and eosin to permit evaluation of the overall morphol-
ogy of the sections. Slides were analysed by three different
observers under light microscopy and there was complete
agreement in their findings during slide analysis.

RESULTS
Neurotrophin expression
No immunostaining for NT-3 or BDNF was detected in any of
the retinas from eyes that had undergone laser treatment or in
controls (Table 2).

Immunostaining for NT4 however was observed in both the
inner and outer nuclear and ganglion cell layers in two out of
three retinas of melanoma patients and all normal controls
(Fig 1A, Table 2). However, in the melanoma eye which under-
went laser photocoagulation 1 day before enucleation, there
was a marked decrease in the immunostaining for this neuro-
trophin in the outer nuclear cell layer at the site of the laser

burn (Table 2, Fig 1B). In eyes enucleated 6 days after laser
treatment, the outer nuclear layer was atrophic at the laser
site, but occasional cells still present, were negative for this
molecule (Fig 1C).

GFAP and CD68 expression
Intense staining for GFAP was observed throughout all the
retinal layers in all melanoma eyes (2A) and no change in this
expression was found in lasered eyes (Fig 2B). In contrast,
retina from normal controls showed minimal staining for
GFAP, which was limited to the ILM, ganglion cell, and nerve
fibre layers (Fig 2C).

Staining for CD68 was observed on laser damaged retinal
pigment epithelial cells and on underlying choroidal inflam-
matory and pigmented cells. Cells positive for this marker
were not observed in any of the control specimens (Fig 3A). In
the eye enucleated 1 day after laser treatment there was a
marked localised accumulation of polymorphonuclear leuco-
cytes, mononuclear cells, and pigmented choroidal cells at the
laser site (Fig 3B). In addition, a moderate number of

Figure 2 Pattern of GFAP staining in malignant melanoma, laser
treated, and normal retinas. Haematoxylin and eosin and anti-GFAP
stain. (A) GFAP staining throughout all layers of retina in malignant
melanoma, 50× magnification. (B) GFAP staining throughout all
layers of the lasered retina (1 day post-laser), 50× magnification. (C)
GFAP staining of the inner limiting membrane, ganglion cell, and
nerve fibre layer in normal retina, 50× magnification.

Figure 3 Pattern of CD68 staining in normal and laser treated
retinas. Haematoxylin and eosin and anti-CD68 antibody. (A)
Normal retina with no CD68 staining in the choroid, 50×
magnification. (B) CD68 staining in the choroid 1 day post-laser,
100× magnification. (C) CD68 staining 2 days post-laser. Note
CD68 positive cells associated with RPE and perivascular cuff, 100×
magnification. (D) CD68 staining 6 days post-laser showing more
intense staining compared to days 1 and 2, 100× magnification.
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scattered cells staining for CD68 were observed in the choroid,
and mild RPE cells staining for CD68 was seen (Fig 3B). In the
eye enucleated 2 days after laser, a more intense infiltration of
CD68 positive cells, some of which formed an incomplete
perivascular cuff, was observed, and RPE cells displayed a
more intense CD68 staining than on day 1 (Fig 3C). In
contrast, intense staining for CD68 was observed on mono-
nuclear and choroidal pigmented cells as well as RPE cells 6
days after laser treatment (Fig 3D).

DISCUSSION
Our immunohistochemical findings showed that normal
human retina expresses NT4 at the level of outer nuclear layer
(ONL), inner nuclear layer (INL) and ganglion cell layer
(GCL), and that NT4 expression was downregulated at the site
of laser burns when examined at 1, 2, and 6 days post-laser.
The degree of downregulation was more marked in the eyes
enucleated 6 days after laser treatment and less on those enu-
cleated after 1–2 days. These observations suggest that NT4
downregulation may be either secondary to local cell damage
and loss at ONL level or it may reflect a true reduction in NT4
expression in cells normally producing these proteins.

Reduced intensity of NT4 staining was also noted in two of
the melanoma patients compared with normal cadaveric reti-
nas and NT4 staining was absent in one case (Table 2). This
suggests reduced NT4 production, increased NT4 degradation,
or a combination of both. It is also possible that the observed
GFAP upregulation, indicating Muller cell reactivity, in
melanoma and laser treated retinas is associated with the
reduced NT4 staining. In vitro studies suggest that there is an
increased sequestration of BDNF and NT4 at the site of reac-
tive gliosis in the central nervous system.21 22

NT4 can reduce cell death by binding to and activating its
receptor TrkB.14 BDNF and NT4 bind to the same receptor and
can produce similar neurotrophic effect on RGC in vitro,23 sug-
gesting that there may be overlapping biological effects medi-
ated by NT4 and BDNF acting via TrkB receptor. In vivo
intraocular injection of BDNF rescues significant numbers of
retinal ganglion cells that would have otherwise died
following section of the adult rat optic nerve.11 It has been
proposed that BDNF may aid in the recovery of the retina after
reattachment by maintaining the surviving photoreceptor
cells, by reducing the gliotic effects in Muller cells, and
perhaps by promoting outer segment regeneration.13 The loss
of support from NT4 (and possibly other neurotrophins) could
potentially be a factor in degeneration and apoptotic cell death
found in the retina in various pathologies.24

The immunohistochemical staining used in this study did
not detect BDNF or NT3 in any of the retinas examined. These
findings do not correlate with previous reports in a variety of
vertebrate retinas.9 25–27 It may be possible that the antibodies
used in this study did not recognise the epitopes expressed in
PFA fixed tissues, or that the method used was not sensitive
enough. Strong expression of GFAP was observed in control
melanoma eyes as well as laser treated eyes, but minimal
expression of these molecules was seen in normal controls.
Increased levels of this protein have been reported in the
Muller cells following laser exposure in rabbit eyes,4 8 where
GFAP immunoreactivity in Muller cells was observed as far as
4–5 mm from the laser foci which was much larger than the
RPE disrupted area.8 Our findings suggest that retinal GFAP
expression is increased in the presence of melanoma and laser
treatment did not modify this. It is notable that an increased
immunoreactivity for GFAP has also been observed in retinal
explants when exposed to choroidal melanoma cells ex vivo.28

GFAP may be maximally expressed in melanoma eyes and
therefore it may not be possible to detect a further increase
following laser treatment.

The expression of CD68 was only observed at the site of the
laser treated retinas and not in the normal or melanoma

affected eyes. Immunoreactive cells were localised in the laser
damaged RPE as well as in the underlying choroid. CD68 is a
cell surface marker for macrophages and has previously been
reported to be expressed by cultured RPE cell.5 29 Macrophages
and leucocyte infiltrates characterise inflammatory responses
and their presence in the choroid in foci of laser disruption
may represent a secondary wound repair response. Previous
studies have shown that the origin of the mononuclear leuco-
cytes that accumulate at the site of laser burns is the systemic
circulation.30 31

Our study used immunohistochemical analysis and our
findings agree with those previously reported,32 where RPE
cells in specimens obtained from eyes with various ocular dis-
eases including intraocular melanoma did not react with anti-
body to CD68. This observation suggests that laser damaged
RPE cells and those cultured5 27 (“normal”) may have
undergone activation, not seen in normal and diseased in vivo
cells.

CONCLUSION
Functional changes in RPE cells, demonstrated by changes in
CD68 expression and downregulation of the NT4 in the ONL
may be responsible for some of the changes seen in the retinal
function after laser. Alterations in the expression of other
neurotrophins and their receptors may also have a role in the
response of the retina to injuries of various types. Further
studies are needed to investigate the role of neurotrophins in
the pathobiology of wound repair in the retina.
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