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Loss of retinal ganglion cells (RGCs), the hallmark of glaucoma (GL), is also thought to occur in patients with Alzheimer disease (AD).1,2 Structural measures derived with
optical coherence tomography have been used as proxies for
RGC estimates in GL3,4 and AD,5 both independently and in

Fig. 1—Tiled image of an anteroposterior retinal section obtained with epiﬂuorescence microscopy. White boxes (not to scale) indicate
regions where sample images were obtained and from which retinal ganglion cell density in the ganglion cell layer was derived. Inset shows
one such sample image obtained from the macular region. Retinal ganglion cells are labelled in red (with the RNA binding protein with multiple splicing) and amacrine cells in blue (with cholinergic acetyltransferase). All nuclei are labelled in green (with 40 ,6-diamidino-2-phenylindole). ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer. Scale bar, 1 mm for tiled image and 20 mm for inset.
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Fig. 2—Mean retinal ganglion cell density counts for individual subjects in the normal (A), glaucoma (B), and Alzheimer disease (C)
groups. Data are shown for the macular, peripapillary, mid-peripheral, and far-peripheral regions. Error bars represent standard deviations.

comparative studies.6,7 Although optic nerve damage in GL8,9
and AD10 has been reported in postmortem tissue, quantiﬁcation in the retina is limited to the use of generic techniques,
such as Nissl staining in the ganglion cell layer,11,12 which
label all nuclei and not speciﬁcally RGCs. Depending on retinal eccentricity, the percentage of displaced amacrine cells,
which are also present in the ganglion cell layer, can range
from 3% to 80%.13 The objectives of this study were to conﬁrm speciﬁc RGC loss in AD, and how this compared with
GL and healthy aging in normal (NL) eyes.
Ethics approval was acquired from the Nova Scotia
Health Authority Research Ethics Board. Postmortem parafﬁn-embedded retinal sections were obtained from the

Human Eye Biobank for Research (Toronto, Ont.). Disease
status was provided for 9 de-identiﬁed subjects. The mean
(standard deviation [SD]) age of the AD, GL, and NL subjects was 73 (2), 74 (4), and 74 (2) years, respectively. In
each group there were 2 females and 1 male.
Anteroposterior retinal sections were deparafﬁnized,
underwent heat-induced epitope retrieval, and were prepared for immunohistochemistry. RGCs were labelled with
the RNA binding protein with multiple splicing14 antibody,
amacrine cells were labelled with the cholinergic acetyltransferase antibody, and nuclei were labelled with 40 ,6-diamidino-2-phenylindole. Fluorescence micrographs were
acquired with an epiﬂuorescence microscope (Zeiss Axio
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Fig. 3—Mean proportion of retinal ganglion cells in glaucoma and Alzheimer disease subjects relative to normal subjects. Data are shown for
the macular (A), peripapillary (B), mid-peripheral (C), and far-peripheral (D) regions. Error bars represent standard deviations.

Imager M2 and Zen 2 software, Carl Zeiss AG, Oberkochen,
Germany). Twenty images were acquired per transverse retinal section (Fig. 1), with 3 sections per subject, each sampling the macular, peripapillary, mid-peripheral, and farperipheral retinal regions to derive regional estimates of
RGC density (Fig. 1). Within each image, counts were
expressed as RGCs per millimetre length of retina and averaged across the 3 sections for each region.
Mean RGC densities for each subject and region are
shown in Figure 2, revealing substantial intersubject variability. Independent of group, there was a progressive
decrease in RGC density from the macula, peripapillary,
mid-peripheral, and far-peripheral retina.
The mean (SD) RGC density in NL subjects was 189
(49), 60 (15), 24 (7), and 7 (1) cells/mm for the macular,
peripapillary, mid-peripheral, and far-peripheral regions,
respectively (Fig. 2A).
Sections corresponding to the macula of GL subject 1275
were of poor quality and could not be used in the analysis.
The mean (SD) RGC density in GL subjects was 184 (14),
43 (25), 18 (9), and 5 (4) cells/mm for the macular, peripapillary, mid-peripheral, and far-peripheral regions, respectively (Fig. 2B). The respective ﬁgures in AD subjects were
117 (66), 35 (7), 14 (7), and 5 (3) (Fig. 2C).
In addition to quantifying multiple retinal sections per
eye, 2 additional strategies were implemented to mitigate
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the limitations of the small sample sizes. One was to normalize the GL and AD eyes to NL eyes and express RGC loss as
a percentage in the 4 different retinal regions (Fig. 3). The
GL group showed little to no loss in the macular region,
compared with around 70% loss in the peripapillary, midperipheral, and far-peripheral regions (Fig. 3BD). For the
AD group, there was around 60%70% loss of RGCs across
the 3 regions compared with the NL group (Fig. 3BD).
With the exception of the macula in GL eyes, there was a
consistent loss of RGCs in all retinal regions of GL and AD
eyes compared with NL eyes.
The second strategy was to normalize each subject’s RGC
density to his/her own peripapillary region to determine
whether there was a regional preferential loss of RGCs in the
2 peripheral areas (Fig. 4). In contrast to the previous analysis, this approach controlled for the degree of generalized loss,
expressed in the peripapillary region, and somewhat equalized
the relative regional loss among subjects. In all GL and AD
subjects there was relatively greater preservation of the RGCs
in the far-peripheral compared with the mid-peripheral
region. The macula was excluded from analyses ownig to
high variability relative to the peripapillary region.
Notably, the greatest difference between GL and AD subject RGC density appeared in the macular region, where
there was relatively little loss in the GL subjects. Loss in the
peripapillary, mid-peripheral, and far-peripheral regions was
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Fig. 4—Mean proportion of retinal ganglion cells relative to the peripapillary region for glaucoma (A) and Alzheimer disease (B) groups.
Data are shown as relative RGC densities for the mid-peripheral and far-peripheral regions. Error bars represent standard deviations.

more comparable. However, these ﬁndings could be owing
to a sampling bias, as the macula region of one GL subject
(1275) could not be processed. This subject had the greatest
loss in all of the remaining regions, and therefore it is possible that the average loss in the macular region of GL subjects could have been greater.
Comparative statistical analyses were not performed in this
study owing to the small sample size. Nonetheless, similar patterns of preferential loss have been evident in previous studies
assessing RGCs in AD postmortem tissue, such as profound
macular loss and preferential loss within the inferior and superior
quadrants.12,15 Although the methodology differed, this study
revealed extensive loss in the macular region. Preferential loss of
mid-peripheral RGCs with relative preservation in the macula
in GL subjects has also been suggested in other studies.8

The limitations of this study were the small sample size
and unavailability of severity indicators of the GL and AD
subjects. Although we used 2 strategies to blunt the effects
of the small sample sizes, our descriptive analysis is subject
to these limitations. Even though the age of the 9 subjects
was comparable, variability in the RGC number within any
age group is high,13 necessitating large sample sizes for any
formal statistical analyses.
In conclusion, we show somal RGC loss in AD and GL
subjects compared with age-related loss in NL subjects.
Although formal statistical analysis was not performed, the
degree of RGC loss in AD subjects was comparable to that
in GL subjects. Regardless of the limitations of this study,
the implementation of RGC-speciﬁc immunohistochemical
analysis, which has not been published elsewhere, provides
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the groundwork for future research with increased sample
size and correlation with disease severity.
8.
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