Supplementary Material

A Meta-Analysis on Presynaptic Changes in Alzheimer’s Disease

Supplementary Table 1. Data extraction methods.

Study Available Groups  Included Sample Age PMI % male Protein data Additional Notes ES
Groups Size
Bereczki et al., C,PDD,DLB,AD C, AD + + + + Paper (mean+SD)  All proteins measured with 6
2016 [1]* ELISA and WB. Inclusion of
ELISA data due to
availability of full numerical
data
BereczKki et al., C,PDD,DLB,AD C,AD + + + + Paper (mean+SD)  ELISA/ WB validation data® 4
2018 [2]
Buchanan etal,, C (Braak0-3), AD C, AD + + + + WBD (scatter plot, Control group with and 1
2020 [3] (Braak 4-6) mean with 95% without inclusion of subjects
confidence with overt non-AD
interval) pathology). Control group
without comorbid cases was
used.
Carlyle et al., Normal, Dementia- Normal, + + + + Paper (raw data) 208 proteins matching 208
2021 [4] AD, Resilient, Frail Dementia- presynaptic protein inclusion
AD list were included
Garcia-Esparcia  Middle-aged MA, AD + + €3] + WBD (bar, 1
et al., 2018 [5]° controls (MA), AD, mean+SD)
DLB
Gkanatsiou et al., C, Pathological C,AD + + + + WBD (scatter plot, 4
2021 [6] Aging, AD, median and
familial AD interquartile
range)
Haytural et al., C,AD C,AD + + + + WBD (scatter plot, IHC validation data © 3
2020 [7] mean)
Haytural et al., C,AD C,AD + + + + Paper (meantSD), CA and DG layers. 10
2021 [8] WBD (scatter plot, Aggregated data was used
mean) (pooled ES per protein in CA

and DG)




Hesse et al., 2019  C (APOE €3/¢4, APOE £3/e4 + + + + Paper (raw data) 162 and 161 proteins 323
[9] APOE €4/e4), AD and APOE matching inclusion list in
(APOE €3/¢4, e4/e4 pooled temporal and occipital cortex
APOE €4/e4), for C and respectively were included.
AD
Hoshi et al., 2018 C, AD C,AD + + + + Paper (mean+SD)  Superior, middle, inferior 1
[10] temporal lobe. Aggregated
data (pooled to one ES for
temporal lobe)
Jia et al., 2021 C,AD C,AD + + - + WBD (bar, IHC validation data © 4
[11] mean+SD)
Kurbatskaya et C, Braak II, ITI, IV,  C, Braak VI + + + + WBD (bar, NSE or beta-actin used as 2
al., 2016 [12] V, VI mean+SEM) loading control. Only NSE
data was included
Lue et al., 2015 C, Possible AD, C,AD + + - + WBD (scatter plot, 1
[13] AD mean+SEM)
Nyarko et al., C, Early-onset, C, late-onset + + + + Author (raw data)  SLC18A2 in different 2
2018 [14] late-onset AD AD glycosylation states. Total
SLC18A2 provided by
author was used.
Poirel et al., 2018 C, Possible, C, Definite + + + - Paper 5
[15] Probable and AD (mean+SEM)
Definite AD
Ramos-Miguel et  Subjects grouped as  Braak 0-II ) ) ) ) WBD (scatter plot, STXBP1 short and long 1
al., 2015 [16]°¢ NCI, MCI, DEM, as C, Braak mean+SEM) splice variant pooled to one
NIA/Reagan stages V-VIas AD overall ES.
or Braak Stages
Ramos-Miguel et  Subjects grouped as No AD, AD ) ) +) ) WBD (scatter plot, WB validation data ¢ 2
al,, 2021 [17]¢ NCI/ MCI/ DEM, mean+SEM)
dichotomized
NIA/Reagan scale
Scheff et al., 2015 NCI, MCI, AD NCI, AD + + + + WBD (scatter plot, 2
[18] median)
Tiwari et al., C, mild AD (Braak  C, severe + + + + WBD (bar, 1
2015 [19] I-1T), severe AD AD mean+SEM)
(Braak V-VI)
Tremblay et al., NCI, MCI with NCI, AD + + + + Paper (mean=+ SD) 4
2017 [20] amyloid pathology,

MCI without




amyloid pathology,

AD
Vallortigara et C,PDD,DLB,AD C,AD + + + + WBD (bar, 4
al,, 2016 [21] mean+SEM)
Yamazaki et al.,  Normal aging, Normal ) (+) ) +) Author (mean + Dorsolateral prefrontal 11
2019 [22]¢ Pathological aging, aging, AD SD) cortex, oribitofrontal cortex

AD pooled to one ES for frontal

cortex
Of all data reported in the selected publications, they were predominantly shown in graphs. Numerical values were rarely presented. The Table therefore lists the
means by which we extracted the ‘Protein data’ from each publication under consideration including further demographic information for AD and control groups
(Age, PMI, % male subjects, selected cohorts for this meta-analysis from the available study cohorts) and notes on the protein extraction and analysis methods
implemented by each author. Also shown are the number of effect sizes the contributed to this meta-analysis. + fully available for each group, (+) partly
available, - not available. AD, Alzheimer’s disease; CA, cornu ammonis; DEM, dementia; DG, dentate gyrus; DLB, dementia with Lewy bodies; ELISA:
enzyme-linked immunosorbent assay; ERC, Entorhinal cortex; ES, effect size; IHC, immunohistochemistry; MCI, mild cognitive impairment; NCI, no cognitive
impairment; PDD, Parkinson’s disease with dementia; PMI, post-mortem interval; SD, Standard deviation; SEM, Standard error of the mean; SLC: solute carrier
family; STG, Superior temporal gyrus; STXBP: syntaxin-binding protein; WB, western blot; WBD, WebPlotDigitizer.
®Data was not available from all subjects for each protein/ area. Demographic characteristics for each group overall.
"PMI reported as range.
¢ Demographic Data only available for whole sample.
4 Demographic data reported as median and range.
¢ Whole-tissue proteomic/ transcriptomic studies with secondary validation method meeting inclusion criteria.




Supplementary Table 2. Study Characteristics.

Study Brain Bank  Protein Area Method Controls AD
n Age % PMI n Age % PMI
Men (h) Men (h)
Bereczki et BDRN RAB3A Frontal Cortex, Anterior ~ ELISA 23- 798  60%  39.1 14-17 88.1  33% 35
al., 2016 [1] SNAP25 Cingulate Cortex, 24 (7.5) (23) (7.2) (22.5)
Parietal Cortex
Bereczki et BDRN Svac Frontal Cortex ELISA 24 80.2 58% 388 18 88.1 33% 35
al., 2018 [2] GRIA3 (7.5) (23.4) (7.3) (22.8)
GRIA4
SYT2 Frontal Cortex WB
(GAPDH)
Buchanan et BDRN SYP Temporal Cortex WB 22 853 50% 448 19 834 58% 46.6
al., 2020 [3] (Coomassie) (6.7) (27.8) (5.1 (21.4)
Vallotigaraet BDRN STX1 Frontal Cortex WB (none) 19- 804 58% 37.1 15-16 88.0 31% 349
al.,, 2016 [21] STXBP1 23 (6.9) (31.4) (8.0) (24.0)
VAMP2
SNCA
Kurbatskaya  MRC London SYNI Temporal Cortex WB (NSE) 5 69.2 60% 344 5 83 20% 29
et al., 2016 CDKS5 (19.5) (16.2) 8.7 17.7)
[12]
Gkanatsiou et  Queen SNAP25 Occipital Cortex IP-MS 8 75.9  44%  64.1 9 734  62% 71.6
al., 2021 [6] Square, SYP (16.3) (22.7) 9.1 (21.6)
London SYTI
SYT7
Hesse et al., Edinburgh 162 presynaptic =~ Temporal Cortex, LC-MS/MS 2 653 80% 694 2 78.6  56% 745
2019 [9] * proteins Occipital Cortex (15 (104 (22,5 (18 (9.1 (18.6)
Tiwarietal.,, King's SYP Hippocampus WB (NSE) 12 76.5 50% 214 12 752  33% 151
2015 [19] College (9.9 8.1 (7.0) (6.5)
London
Haytural et Netherlands STX1A DG, CA HC 7 80.4 0% 6.1 8 80.3 0% 5.1
al., 2021 [8] SYTI 4.3) (0.9) 9.1 (1.0)
SYNGRI
VAMP2
CPLX1
Garcia- HUB-ICO- SLC1A2 Frontal Cortex WB (B- 39 61.8 56% 3-9.6 20 80.5 45%  2.5-
Esparcia et IDIBELL, actin) (14.0) (6.9) 17.5
al., 2018 [5] IDIBAPS




Tremblay et ROS SYP Parietal Cortex WB (B- 12 85(6) 8% 7.4 12 86.1 25% 63
al., 2017 [20] actin) (6.4) (5.89) (3.9
Carlyle et al., ROS, MAP 208 presynaptic  Parietal Cortex LC-MS3 25 90.5 44% 7.0 25 90.6  42% 7.0
2021 [4] proteins (5.4) (3.0 (5.9 4.4
Ramos- MAP STXBP1 Frontal Cortex WB 57 88.8  37% 7.2 72
Miguel et al., (B-actin) (6) (4.8)
2015 [16] P
Ramos- ROS, MAP STX1A Frontal Cortex WB 22 894  32% 8.4 42
Miguel et al., STX1B (B-actin) (6.5) (6.0)
2021 [17]"
Scheff et al., University of  SYNI1 Posterior Cingulate WB 20 87.7  30% 3.0 16 83.8 56% 3.5
2015 [18] Kentucky, SYP Cortex (B-actin) (5.2) (1.3) (7.1 (1.5)
ROS
Lue et al., Banner Sun SNAP25 Temporal Cortex WB 11 854 64% N/A 11 824 55% N/A
2015 [13] Health (B-actin) (7.0) (8.6)
Haytural et University of CPLXI1 DG HC 7 763  57% 109 5 70.6  20% 8.0
al., 2020 [7] South CPLX2 (14.8) 4.3) (11.7) (3.6)
Carolina SYNGRI1
Poirel et al., MSBB SLC17A7 Frontal Cortex WB 63 78.1  N/A 109 64 86.7 N/A 6.7
2018 [15] SLC17A6 (Ponceau) (11.1) (7.5) 9.6) (5.5)
SLC32A1
SLC1A2
SYP
Yamazaki et Mayo Clinic ~ SYP Amygdala, Cerebellum,  ELISA 10-  57-95 30% 19 62-95 26% 2-24
al., 2019 [22] Entorhinal Cortex, 13
Hypothalamus, Occipital
Cortex, Parietal Cortex,
Posterior Cingulate
Cortex, Striatum,
Temporal Cortex,
Thalamus
Nyarko et al., McGill SLC18A2 Frontal Cortex WB 26 70.7  46% 193 18 832 44% 214
2018 [14] University SNAP25 (GSK-3a/B) (12.5) (11.0) (5.8) 9.1
Hoshi et al., Brain SLC1A2 Temporal Cortex HC 5 78.2  80% 7 8 80.3 13% 3.6
2018 [10] Research 2.7 (8.4) (16.9) (0.5)
Institute
Niigata
Jia et al., 2021 Chinese GRIK2 Entorhinal Cortex IHC 15 83.1 47% N/A 15 89.7 47% N/A
[11] National GABRB2 (10.2) (6.4




Brain Bank, SLC17A6
Peking Union CACNB4
Medical
College

Summary of characteristics for 22 studies, including source of brain samples (Brain Bank), proteins (given in abbreviated form only: for full names of relevant
proteins, see main text) and areas analysed, method of protein quantification and demographic characteristics (Age, % Men, PMI) of control and AD groups
where available. For western blotting studies, loading control is given in brackets. Demographic data is mean (SD) or range. AD, Alzheimer’s disease; BDRN,
Brains for Dementia Research Network; CA, cornu ammonis; DG, dentate gyrus; ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemistry; IP-
MS, immunoprecipitation mass spectrometry; LC-MS3, liquid chromatography mass spectrometry with quantification at MS3 level; LC-MS/MS, liquid
chromatography with tandem mass spectrometry; MAP, Rush Memory and Aging Project; MRC: Medical research council; MSBB, Mount Sinai Brain Bank;
PMI, postmortem interval; SD, standard deviation; ROS, Religious Order Study; WB, western blot.

* Samples were pooled for protein quantification according to group and APOE status, resulting in n=2 per group for meta-analysis.

® Demographic characteristics only available for whole sample.



Supplementary Table 3. Sensitivity Analysis.

rho

Overall I?

I? within studies

I? between studies

Overall SMD [95%CI| _ p Do
0 -1.01 [-1.55, -0.47] <0.001 90.55 5.44 85.11 <0.001
0.1 -1.04 [-1.56, -0.52] <0.001 89.94 6.39 83.55 <0.001
0.3 -1.04 [-1.54, -0.54] <0.001 89.10 8.46 80.64 <0.001
0.6 -1.03 [-1.5, -0.56] <0.001 88.08 14.53 73.55 <0.001
0.8 -1.07 [-1.55, -0.58] <0.001 89.43 28.32 61.11 <0.001
0.9 -1.10 [-1.61, -0.59] <0.001 91.31 40.53 50.78 <0.001
0.99 -1.17[-1.73, -0.6] <0.001 93.90 53.76 40.14 <0.001
Overall SMD [95%CI]  p Overall I I* within studies I* between studies  po
Clustering by -1.02 [-1.64, -0.4] <0.001 91.74 4.99 86.75 <0.001
research team
Outlier removal (Jia -0.72[-0.93, -0.52] <0.001 58.73 23.97 34.75 <0.001

et al., 2021 [11])

Overall outcome of meta-analysis when altering specific analysis parameters. Top: When using different correlation coefficients (rho) for effect
size correlation within studies in the three-level meta-analysis model, the overall outcome did not change substantially. Botfom: Clustering on the
level of research team instead of study also did not change results. Removing one study with a very large negative effect size, however, did change
results: the presynaptic protein loss in AD and heterogeneity on all levels was lower. Significances of meta-analysis result is indicated by p;

significance of Q-test for heterogeneity is indicated by pq. SMD, standardized mean difference; CI, confidence interval.



Supplementary Figure 1. SNAP loss in AD. Forest plot of three-level random effects meta-analysis on
proteins in the SNAP family. SNAPs showed a significant lowering in AD (p <0.001). To allow
visualization of large amounts of data included in analysis, effect sizes were aggregated to one value per
study to generate the Forest plot. Sample sizes represent the maximum n per group contributing to the
analysis for each study. Dashed line depicts no difference between control and AD cohort. SNAP,
synaptosome associated protein; AD, Alzheimer’s disease, ES, effect size; C, Control; SMD, standardized

mean difference; CI, confidence interval

Study ES Sample Size

C AD

Pooled SMD Pooled SMD
[95% CI] [95% CI]

Synaptosome associated proteins (SNAPs)

Bereczki etal. 2016 [24] 3 24 16

Carlyle et al. 2021 [27] 3 25 25

Gkanatsiou etal. 2021 [29] 1 8 9

Hesse etal. 2019 [32] 6 2 2

Lue etal. 2015 [36] 1 11 11

Nyarko etal. 2018 [37] 1 26 18
1

Tremblay et al. 2017 [43] 12 12
Total [95% CI]

Heterogeneity: Q(15) =48.54, p < 0.001

-1.60[-2.77,-043]  —W— |

-0.06 [-1.19, 1.08] ——
-0.82[-2.35, 0.72] —
-0.46[-1.81, 0.89] ——

-147[2.98,003] . |
-1.34[-2.68, 0.01] —]
-0.75[-2.19, 0.69] — .

-0.90 [-1.40,-0.40] -

3 -2 -1 0 1 2

Total I> = 64.87%, Level 2 1> = 13.55%, Level 3 I> = 51.32%

Decrease in AD Increase



Supplementary Figure 2. Syntaxin proteins unaltered in AD. Forest plot of three-level random effects
meta-analysis on proteins in syntaxin family. Syntaxins showed no significant decrease in AD (p = 0.21).
To allow visualization of large amount of data included in analysis, ES were aggregated to one value per
study to generate the forest plot. Size of effect size symbol represents its weight. Sample sizes represent
the maximum n per group contributing to the analysis for each study. Dashed line depicts no difference
between control and AD cohort. AD, Alzheimer’s disease, ES, effect size; C, Control; SMD, standardized
mean difference; CI, confidence interval

Study ES Sample Size Pooled SMD Pooled SMD

[95% CI] [95% CI]

C AD
Syntaxins
Carlyle et al. 2021 [27] 4 25 25 -0.31[-0.87, 0.24] .
Haytural et al. 2021 [31] 2 7 8 0.05 [-0.74, 0.84] ——
Hesse et al. 2019 [32] 8 2 2 -0.58 [-1.40, 0.23] — *
Ramos-Miguel et al. 2021 [40] 2 22 42 -0.44 [-1.21, 0.34] — ~
Tremblay etal. 2017 [43] 1 12 12 -0.23 [-1.49, 1.02] %ﬁ
Vallortigara et al. 2016 [44] 1 23 16 1.05[-0.09, 2.20] g .
Total [95% CI] -0.20 [-0.52, 0.12] -
T T T

Heterogeneity: Q(17) =45.02, p < 0.001 302 -1 0 1 2

Total 12 = 60.78%, Level 2 1> = 60.78%, Level 3 1> = 0%

Decrease in AD

Increase in AD
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