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Abstract: The processing of the amyloid precursor protein (APP) is a critical event in the formation
of amyloid plaques. Platelets contain most of the enzymatic machinery required for APP pro-
cessing and correlates of intracerebral abnormalities have been demonstrated in platelets of pa-
tients with AD. The goal of the present paper was to analyze studies exploring platelet APP me-
tabolism in Alzheimer’s disease patients trying to assess potential reliable peripheral biomarkers,
to offer new therapeutic solutions and to understand the pathophysiology of the AD. According to
the PRISMA guidelines, we performed a systematic review through the PubMed database up to
June 2020 with the search terms: “((((((APP) OR Amyloid Precursor Protein) OR AbetaPP) OR Beta
Amyloid) OR Amyloid Beta) OR APP-processing) AND platelet”. Thirty-two studies were in-
cluded in this systematic review. The papers included are analytic observational studies, namely
twenty-nine cross sectional studies and three longitudinal studies, specifically prospective cohort
study. The studies converge in an almost unitary way in affirming that subjects with AD show
changes in APP processing compared to healthy age-matched controls. However, the problem of
the specificity and sensitivity of these biomarkers is still at issue and would deserve to be deepened
in future studies.
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Supplementary Materials:

Table S1. Studies detecting APP ratio.

. Sample -
First ::;hor, Study design AD or MCI Control Cdli‘:‘te:;:)z;i(;f EPHPP
y N(M/F) Age APPr N(M/F) Age APPr g
NINCDS-ARDA
DiLucaetal.,, Crosssectional AD 10 67.3+£12.0.16+0.04 0.76£0.28 , DSM-IV,
1996 study (3/7) 9 3 15 (7/8) 61+£14 0 MMSE Moderate (4)
Rosenberg et al., .
1997 Cross sectional AD 132, 5.1 95.6140.41 19 (5/14) "13*% 7.7240.57 NINCDS-ARDA  Moderate (3)
study (4/11) 0
mAD 11
(3/8) 71.247.10.51+0.13
Di Luca et al Cross sectional MAD 11 67.6x1 NINCDS-ARDA
1998 study (6/5) 65.14£9.60.35+0.1535 (18/17) 35 0.84+0.24 _MMSE Strong (5)
aAD 10
(4/6)  78.449.00.25+0.08
e 11 1996
(N.S.) 5.83+0.27 (N.S.) 8.09+0.61
P00 Conon Study ——— NS NS, N MSE  Moderate (4
Y TAD10 111999 .
1999 3.57+0.47 (N.S.) 8.31+0.27
(N.S)
mAD 32
(14/18) 69.2+7.60.45+0.12
. . NINCDS-ARDA
Padovani et al., Cross sectional MAD 31 59.3%+1
2001 study (10/21) 67.048.40.31£0.170° 32/43) 77, 0.92£0.38 , MMSE, CDR,  Strong (5)
DSM-1V
aAD 22

(11/11) 67.7+15 0.22+0.10
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MCI 30
(13/17) 69.6£6.90.62+0.33

Padovani et al., Cross sectional vmAD 21 69.8 + NINCDS-ARDA
2002 " stud (9/12) 66.2+6.90.49+0.3025 (14/11) 9' 0 0.934+0.30 , MMSE, CDR, Strong (5)
i ' DSM-IV, MCC
mAD 35
(12/23) 69.2+8.50.44+0.24
Colciaghi et al., Cross sectional AD 33 68.15+6 63.2+6 NINCDS-ARDA
2002 study (13/20) ) 0.31+0.19 26 (9/17) 1 0.90+0.29 . MMSE, CDR Strong (5)
vmAD 16
Borroni et al Cross sectional O 09:356.50.50:0.30 68.3%9 NINCDS-ARDA
2002 study AD 24 40 (18/22) 0 0.91+0.30 , M]I;/Issl\]i,_l(i/DR, Strong (5)
(14/10) 67.1+7.70.42+0.22
NINCDS-ARDA
Borroni et al.,  Cross sectional ~AD 60 71.248. , MMSE, CDR,
2003 study (22/38) 71.4+9.70.37+0.2345 (16/29) 7 0.96+0.35 DSMLIV Strong (5)
V“ﬁ%l ! o7 gug 3044701
Colciaghi et al., Cross sectional 60 67.7+4. 0.706+0.2 NINCDS-ARDA
15 (6/9) , MMSE, CDR, Strong (5)
2004 study mAD 20 0.41940 1 2 41 DSMLIV
(8/12) 68.0£7.5™ 63 ’
NINCDS-ARDA
DiLucaetal., Crosssectional mAD 37 66.5+3. , MMSE, CDR,
2005 study (17/20) 67.3+£6.80.44+0.1825 (11/14) 3 0.61+0.22 DSM.IV Strong (5)
NINCDS-ARDA
Sanchez-Gonzale Cross sectional AD26 60.96x1 0.37+ 46  67.73« , MMSE,
zetal., 2006 study (179) 285 019 (1531) 946 068010 pgyqy  Moderaie(®)
Tang et al., 2006 Cross sectional AD 31 76.0£8.7 597 10(N.S.)76.3+4. 7.32 NINCDS-ARDA Moderate (4)
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study (N.S) 47 , MMSE,
DSM-IV
AD 66 TO
46 TO 72.5+1
(41/25) 76.5£9.91.35+0.81 * 1.44+0.79
(27/19) 09 NINCDS-ARDA
Liu, Wang et al.,  Prospective =~ AD 29 , MMSE,
Strong (5)
2007 cohort study T1 30T1  72.4+1 DSM-1V, CDR,
19/10) 77.149.41.03+0.74 T 1.34+0.73 CASI
(19/10) 77.1% % 19111) 03 *
AD 23
(8/15) 74.4+9.01.01+0.21 NINCDS-ARDA
Zainaghi et al., Cross sectional 70.045. , MCC,
2007 study MCI 25 209557 30 (7/23) 8 1.24+0.21 DSM-IV, Strong (5)
@®/17) 77118021 MMSE
793+ 683+ 913+
Srisawat et al., Cross sectional AD 13 81 7.32 £ 27 (6/21) 66 3.00 NINCDS-ARDA Strong (5)
2013 study @9 129 ' ‘ , MMSE 8
Cross sectional 20 20 68.2£9.10.3 (2.82)NINCDS-ARDA
Jelic et al., 2013 study (12/18) 67.049.9 5.9£1.37 23 (9/14) 6 _MMSE Strong (5)
aMCI 43 67.37+7. 45 64.60x
. i 0.64+0.25 0.75+0.24
Shi et al., 2019 Cr"sz tieg;‘onal (17/26) 89 2 (1906)  8.03 - MCC, MMSE  Strong (6)

Legend 1. N.S.= Not specified; AD= Alzheimer’s Disease; vmAD= very mild Alzheimer’s Disease; mAD= mild Alzheimer’s Disease; MAD=moderate Alzheimer’s Disease;
aAD= advanced Alzheimer’s Disease; MCI= Mild Cognitive Impairment; aMCI= amnestic Mild Cognitive Impairment; MCC= Mayo Clinic Criteria; NINCDS-ARDA=
National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association (ADRDA);
MMSE= Mini Mental State Examination; CDR= Clinical Dementia Rating Scale; DSM= Diagnostic and Statistical Manual of Mental Disorders.
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Table S2. Studies detecting ADAM and BACE activities.

First Sample
wihr, S0y DaNO Gl Creraol e
year N(M/F) Age (M/F) Age
| activity ..
.o 1 activity NINCDS-A
C‘éltcfl‘ghl se(stri(z)s;al AD33  68.15+ corﬂf(’)ared compared 26  63.2+6. RDA, oo s)
) 002’; stud (13/20) 6.2 controls to (9/17) 1 MMSE, g
Y controls CDR
vmAD 11 67 846.0.52+0.06 NINCDS-A
L 4/7) 0.67+0.17
Colciaghi Cross 3 15 67744 RDA,
etal., sectional AD 20 (6/9) '2 '0.81£0.07 1.47£0.20 MMSE, Strong (5)
2004 study m8/12 68.0+7.0.37+0.05 0.7640.10 CDR,
(8/12) 5 IO DSM-1V
NINCDS-A
. Cross RDA,
Dilucaet ional  MAD37 67356 43.023084:0.73 . 2 605530791049 1524127 MMSE,  Strong (5)
al., 2005* (17/20) 8 (11/14) 8
study CDR,
DSM-IV
Cross NINCDS-A
Tang et al. . 76.0+8. 10 76.3+4. 1.95 RDA, Moderate
2006* sescttli?inal AD 31 (N.S) - 0.42 0.46 (NS) 5 1.34 MMSE, )
Y DSM-IV
Cross
. . NINCDS-A
Liu, Todd sectional MCI 52 75
etal.2007  study (29/23) 76.1 0.1940.06 (31/44) 73.5 0.5140.04 RDA, Strong (5)
MMSE
Cross
Johnston et sectional ~ AD 86  80.0+6. 018+ 115 79.148. 0.1520.04 NH;%DAS'A Strong (5
al., 2008 study (25/61) 6 0.05 (42/73) 2 ) ) MMS]’E g
AD 20
71.6£9. 285+ "
Gorham et Cr_oss (10/10) ] 36.2+5.8 S 30 61.7+7.37.6+6.9 2794575k Moderate
sectional 5 * MMSE
al., 2010 study (7/23) 3)

MCI 6 (3/3) 65.7£9. 34.942.1 246 +
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8 425
.0£5. .10+7. 79.545. 73.97£12.95 -
Decourt el Crf)ss AD 15 82.0+5 65.10£7.0 12 = NINCDS-A
al. 2013 sectional (10/5) 1 Viid 4 0 RDA, Strong (5)
» study (4/8) MMSE
mé%)lo 75147, 0.68 +
5 0.15
NINCDS-A
. Cross MAD 11 75.8+6. RDA
Manzine et . 76.147. 25 0.78+0.4 ’
sectional 4/7) 9 MMSE,  Strong (5)
al., 2013 study 7 0.28+0.06 (9/16) CDR,
DSM-IV
aAD 9 (3/6) 74.6+7.0.148+0.0
8 5
AD 68
(N.S) 6,054+1,3
Markestei C 791 07** NINCDS-A
ar teslem :pss | 33 141 2,283+273 RDA, St )
erzf) 1% » Se:t&?ina MCTI 19 (N.S.) MMSE, °Tone
Y (N.S.) 5,682+1,7 MCC
7612
38**
NINCDS-A
McGuiness Prospective MCI97  72.449. 081+ 85 74.619. 0.74+0.39  RDA, Strong (6)
etal, 2016 cohort study ~ (36/61) 3 055 (46/39) 5 MMSE, &
MCC
NINCDS-A
Cross L.66=
Bram et cetional AD20 76.247.0.78+0.43 1.74+ 20 74.9+4. 0.57 1.33+0.82 RDA, Strong (6)
al, 2019 00 6/14) 2 093 (515 5 ' MMSE, g
Y DSM-IV

Legend 2. a= ADAM-10 or alfa-secretase activity; p= BACE or Beta secretase activity. * indicates studies reported also in another table.
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Table S3. Study calculating the platelet A-Beta40/42.

Sample
AD or MCI Control Criteria of
First author, year ~ Study design A-Beta40/4 A-Beta40/4 . . EPHPP
N A ) N(MF) A N diagnosis
(M/F) € £e
Cross sectional 23 NINCDS-ARD
Tang et al. 2006* (N.S.) N.S. 2.21 10 (N.S.)76.3+4.5 0.97 A, MMSE, Moderate (4)
study
DSM-1V
Table S4. Calculation of mRNA-APP isoform.
First Sample
author, Stu.dy AD or MCI Control Cl:ltel‘la .of EPHPP
car  desiEn N o0 Tot KPI 770 751 695 N Age Tot KPI 770 751 695 O1agnosis
y (M/F) 8¢ 10 (M/F) 8¢ 10
. ... Cross AD 7.06+ 6.70+ 6.83+ 13.6+ 22 6.86+ 7.46+ 7.11£ 7.16+ 13.4+ NINCDS-
. 766
Zignz‘g‘lft sectional 18 0% 66246; 056 048 045 043 (10/1 050 044 038 045 045 054 ARDA, Mof:)rate
” study (7/11) ’ 2) MMSE
. Cross AD 6.20+ 6.97+ 6.94+ 7.53+ NINCDS-
Zig“zlgllgt sectional 20 7845 0.42 0.53 (8}%)76*5 037 034 ARDA, Moif)rate
N Study (9/11) MMSE
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Table S5. APP isoforms expressed as APP-N and APP-C.

Sample
Flrsty aet:;hor, Study design N AD or MCI N Control git;rlﬁsif EPHPP
(M/F) Age APP-N APP-C (M/F) Age APP-N APP-C
Mgkaetova—L ) 78.08+1.51.12+4.24.68+1. 70.81+1.45.42+3.24.02+1. NINCDS-ARD
adinska et al., Cross sectional AD 25 00 g4 40 26 98 25 38 A. MMSE Moderate
2012 study (15/10) (8/18) DSM-TV “)
Table Sé6. Platelet Presenilin 1 activity.
Sample
First author, year  Study design N AD or MCII) SENI Control (éﬁttgrrl?si(;f EPHPP
(M/F) Age N (M/F) Age PSENI1
Brametal.,  Cross sectional AD 20 1.13+0.46 20 1.66+0.69 NINCDS-ARDA
" 76.2£7.2 74.9+4.5 , MMSE, Strong (6)
2019 study (6/14) (5/15) DSM-IV
Table S7. Differences in the expression of APP isoforms.
First auth Sample Criteria of
1rs ::r o Study design AD versus Control values in % Control d{; errll(?sios EPHPP
y N (M/F) Age APP 130 APP 110 APP65 APP42 N(M/F) Age £
Bus1h9;t0 " seftl;zisal ADIS g6 = = = = 1l@s) 76 NINCDS-AR Moderate
(n.s.) - DA 4)

study

Bush et al., Cross AD 34 67.9+89 150%

1 15-30% | 20-35% 46 (n.s.) 70.6+ NINCDS-AR Moderate
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1992 sectional (n.s.) 10.2 DA, MMSE 4
study

Table S8. Comparison of APP exposed on platelet surface and sAPP released by platelets between aAD patients and controls.

Sample
First Zzihor, Study design Aell)?Ds versfus Controls values Control (é{;telrl?s?sf EPHPP
y N(M/E)  Age onsurlace —  App N(M/F)  Age £
Davies et al., Cross
1997 sectional D27 905454 1 ! 17 (10/7) 60.88.2 DSM-1V, Moderate

(23/4) MMSE (@)

study




