Ciliary neurotrophic factor (CNTF) in the retina:
age and disease related expression in humans and mice
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Purpose

Results

• Ciliary neurotrophic factor (CNTF) has shown neuroprotective effects on ganglion cells and photoreceptors in several
animal models.1
• In vivo use in humans failed to show significant protection in age-related macular degeneration (AMD) and other
2-4
retinal diseases, which might be due to species-related differences of CNTF secretion and/or cellular effects.
• The aim of our study is to compare age- versus disease-related changes in CNTF and CNTF dependent
phosphorylated signal transducer and activator of transcription 3 (pSTAT3) levels both in murine and human retinas.

Methods
• Tissues derived from human donors (see ARVO2018 #B0336, Messinger et al.).
• Retina sections (10 µm) were prepared for immunofluorescence (IF), stained with primary (CNTF, pSTAT3, tyrtubulin and secondary antibodies (Alexa 568, Alexa 647nm)) and imaged using a confocal microscope (Olympus,
60x oil immersion).
• Retina morphology (AMD or no pathologies at the macula) was viewed with bright-field, confocal fluorescence, and
transmission microscopy.
• All images were further processed with the microscope´s software (Olympus) and FIJI (https://fiji.sc).
• Appropriate local ethics committee approved all studies.
Figure 1: CNTF and TyrTubulin expression in
healthy and diseased outer
human retina.
A Short wavelength
autofluorescence (AF, 488
nm) of the outer retina
shows strong AF (green)
arising from the retinal
pigment epithelium (RPE)
due to lipofuscin load.
Photoreceptors (PR) show
also AF, but weaker
compared to RPE. Late AMD
shows irregular RPE and
degenerated PRs with loss of
outer segments (OS) and
subsequent loss of AF.
B CNTF (red) is ubiquitary
expressed throughout the
retina. CNTF can be detected
at the inner segments (IS)
and OS. In late AMD,
degenerated PR inner
segments show CNTF
overexpression. C Tyr-Tubulin
(magenta) is expressed at PR
IS and OS, with an increase at
IS in late AMD. D Composite
image. In late AMD, PRs are
artificially detached from the
RPE layer. For comparison,
PR inner and outer segments
of a donor with an
unremarkable macula
(normal) are shown. GCL =
ganglion cell layer; IPL =
inner plexiform layer; OPL =
outer plexiform layer; ONL =
outer nuclear layer.
Human donors: normal
(unremarkable macula), 68
y/o, early AMD: 71 y/o, late
AMD: 75 y/o.
Scale bar 10 μm.
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• First results of human
macula showed CNTF expression in ganglion cells (data not shown),
*
Müller cells (data not shown), and photoreceptors (Figure 1).
• CNTF expression pattern in the aging outer retina (photoreceptors) remained stable.
• Early AMD tissues showed comparable CNTF expression to age matched normals.
• Degenerated photoreceptors in late AMD showed marked CNTF expression.
• pSTAT3 shows age dependent increase in expression, mainly in the ganglion cell layer (Fig.
2).
• Wild type mice retina showed CNTF expression patterns comparable to normal human
macula, while pSTAT3 is markedly upregulated in CNTF-/-.
Figure 2: pSTAT3 expression in the outer human retina.
PSTAT3 is expressed in photoreceptor, both inner (IS) and outer segments (OS). Aging has effects on pSTAT3 expression, showing an increase in protein
expression in the ganglion cell layer and the inner nuclear layer. GCL = ganglion cell layer; IPL = inner plexiform layer; OPL = outer plexiform layer; ONL = outer
nuclear layer. Scale bar 10 μm.
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Conclusions
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• In humans, CNTF seems to be expressed in some retinal layers, hence CNTF may affect
different retinal cell types, especially photoreceptors.
• A marked increase in CNTF expression in degenerating photoreceptors in AMD affected
tissue was detectable.
• Current studies examine compensatory pathways (pSTAT3) in diseased human retinas.
• In addition, ongoing studies using retinas of mice will further elaborate expression patterns
in a different species.
• These findings will help elucidate differences in species-specific protein expression and
effects with the aim to develop future therapy strategies.
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