
Cell Reports, Volume 27
Supplemental Information
Regional Molecular Mapping of Primate

Synapses during Normal Healthy Aging

Laura C. Graham, Michael J. Naldrett, Steven G. Kohama, Colin Smith, Douglas J.
Lamont, Barry W. McColl, Thomas H. Gillingwater, Paul Skehel, Henryk F.
Urbanski, and Thomas M. Wishart



A.

B.

C.

D.

Figure S1 Enrichment analyses demonstrating purity of NHP and human regional synaptic preparations 
(A&B related to Figure 1): PANTHER Gene ontology (GO) enrichment analyses displaying the top enrichment 
terms in both the young NHP synaptosomal preparations (A.) and the young human patient synaptic isolates (B.). 
Synaptic ageing is regionally heterogeneous. (C&D related to Figure 2): Unbiased sample-sample Pearson correlation analyses generated from BioLayout Express3D 
software. C. NHP hippocampal and occipital cortex synaptic timecourse Pearson correlation analyses. DA.. NHP hippocampal and occipital cortex synaptic timecourse 
Pearson correlation analyses. Nodes signify individual samples and edges reflect the strength of correlation of expression. Increased edge length between nodes Pearson correlation analyses. Nodes signify individual samples and edges reflect the strength of correlation of expression. Increased edge length between nodes 
represents reduced  correlative value between sample nodes; reduced edge length between nodes represents increased  correlative value between sample nodes; 
detachment of nodes from primary cluster illustrates significant variability between sample populations. Graphs clustered using Pearson r=0.98.
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Figure S2: PCA biplots of sample variability (technical replicates - A&B; Example biological replicates - C&D) and 
heat maps of temporal expression (E&F): PCA biplots conveying global variability in the NHP and human patient 
brain regional proteomic datasets (related to Figure 2):  PCA biplots display identified proteins from the NHP (A) 
and human patient (B) occipital cortex and hippocampal proteomic datasets. Individual sample technical replicates 
are indicated by filled circles and grouped by colour. Patient sample technical replicates are indicated by filled 
circles and grouped by colour: green = young patients; orange = mid-age patients; red = aged patients. Sample 
variability is dictated by the location of the representative markers in space: proximate variables demonstrate a variability is dictated by the location of the representative markers in space: proximate variables demonstrate a 
significant positive  correlation (r value is close to or equal to 1); variables opposing the centre line display a 
significant negative correlation (r value is close to or equal to -1). YO = young occipital cortex; MO = mid-age 
occipital cortex; OO = old occipital cortex; YH = young hippocampus; MH = mid-age hippocampus;  OH = old 
hippocampus; numbers refer to technical replicates. Blue = active observations in the PCA space (proteins identified 
by gene name); green, orange and red = active variables observed in the PCA space (green = young time point; 
orange = mid-age time point; red = aged time point). All PCA biplots generated using Pearson correlation. orange = mid-age time point; red = aged time point). All PCA biplots generated using Pearson correlation. 
C&D (related to Figure 2): PCA biplots displaying inter-patient variability in the human ageing regional proteomic 
datasets. PCA biplots display 630 identified proteins from the human patient hippocampal (C.) and occipital cortex 
(D.) proteomic datasets. See above for colour code, abbreviations and generation. Numbers refer to biological 
replicates.  E&F (related to Figure 2): Heat maps illustrating temporal protein expression in differentially vulnerable 
populations of synapses derived from the NHP and human patient brain. E. Heat maps displaying temporal protein 
expression in NHP occipital cortex (left panel) and hippocampal (right panel) synaptic populations across ageing. expression in NHP occipital cortex (left panel) and hippocampal (right panel) synaptic populations across ageing. 
F. Temporal protein expression in human patient occipital cortex (left panel) and hippocampal (right panel) synapses 
during advancing age. Heat maps display Z-score transformed normalized abundance values derived from the raw 
proteomic data. Blue = minimum Z-score value (-5); red = maximum Z-score value (5). YO = young occipital 
cortex; MO = mid-age occipital cortex; OO = old occipital cortex; YH = young hippocampus; MH = mid-age 
hippocampus; OH = old hippocampus; numbers refer to technical replicates. 
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Figure S3 (related to Figure 3): Enrichment analyses displaying the predominant molecular functions of identified 
Biolayout Express3D clusters. PANTHER GO Enrichment tables demonstrating the primary molecular functions of 
identified clusters termed “biomarkers of ageing” (A.) or “biomarkers of vulnerability” (B.) in synaptic isolates 
derived from both the NHP and human patient hippocampus and occipital cortex. Note the difference in 
enrichment terms between resistant (occipital cortex) and vulnerable (hippocampus) brain regions within species. 
Additionally, note the identification of similar enrichment terms in analogous brain regions independent of 
species. species. 



Figure S4 (related to Figure 4): TGFβ1 is expressed exclusively in microglial isolates. A. Bar chart displaying TGFβ1 
transcript expression in isolated hippocampal microglia and hippocampal homogenate. The homogenate exhibits 
relatively little TGFβ1 expression versus the isolated microglia (unpaired two-tailed student̓s t-tests, p=0.0009; 
data represent mean  SEM). B&C. Summary of synaptic-microglial interactions and regulation of the cellular milieu 
during ageing. Young adult microglia (B.) demonstrate ramified morphology and inhibition of the TGFβ1 signalling 
cascade, promoting homeostatic regulation of the subcellular machinery within the synaptic compartment. 
Intracellular processes are illustrated in the black box. Conversely, resident microglia in an aged brain display a Intracellular processes are illustrated in the black box. Conversely, resident microglia in an aged brain display a 
dystrophic, primed phenotype (C.). Activation of the TGFβ1 signalling cascade, by binding of TGFβ1 to the TGFβ1 
synaptic receptor, promotes injurious events within the synaptic terminal facilitating synapse instability. Orange 
colour represents dendritic arbour with synaptic terminals; pale blue indicates microglia; white synaptic terminals 
symbolises dysfunction. See key in black box for intracellular information. YH – young hippocampus; MH – 
mid-age hippocampus; OH – old hippocampus; YO – young occipital; MO – mid-age occipital; OO – old age 
occipital.
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