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Abstract: To identify potential serum proteins that might serve as biomarkers for Alzheimer's disease (AD),
we performed comparative proteomic profiling of sera from AD and healthy control subjects using label-free
LC-MS/MS. Our study identified 387 proteins, 61 of which showed significant changes in the serum of AD
patients compared to healthy controls. Gene ontology (GO) enrichment analysis showed that some GO terms related
to the pathogenesis of AD were significantly enriched in differentially expressed proteins, including cholesterol and
lipid metabolism, inflammation, coagulation and hemostasis processes, and immune responses. Therefore, based on
the above results and the consistency of protein content changes in the 8 comparison groups, 18 proteins were
selected as candidate biomarkers. Protein-protein interaction results suggest that these 18 proteins can directly or
indirectly interact with APP. Therefore, changes in the levels or functions of these proteins may affect A metabolism
and participate in the occurrence of AD, and have the potential to become AD blood biomarkers.
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Table 1
Alzheimer's disease (AD) patients and healthy control subjects.

The demographics and clinical characteristics of

The detailed clinical data of 2 AD patients were lost. Data are
displayed as the mean + SD

ltem Subject

Health control AD
Numbers 32 32
Mean age, years (SD) 66.4+4.2 66.8 + 4.6
Gender, male/female 10/22 12/20
Mini mental state exam score (SD) - 19.0+£9.0
Medication history (Yes/No) - 10/20
Mean duration of disease, years (SD) - 3.6+4.0
Glu/mmol-L* 5.11+0.89 5.40 £ 1.50
TC/mmol-L* 4.00 +£1.00 3.90+0.85
TG/ mmol-L* 1.10 + 0.65 1.15+0.79

MBHAHIE BB E T BRI AR
IR prEER R Mg, FiRfFE2h G, BHHLE L
(3000 r-mint, 5 min, 4 °C), 3 21 i W ED A i, 1k
IMTEFEA T -80 Chififr % M. HU32 %1 AD i3 132
B HC F IMLIH R AT, 2 B A& AR RS 23 301l 4 4 451) AD
HC I35 A A TR A 1A I 375 A A it 38 47 S2 56, IRl I,
AHEFAER T 81 AD B3 MLIEHE A A 8 > HC IfiLiE
FEARM, AT R A Hr . FI A Agilent 2 & 5t
A 2 A (multiple affinity removal column HSA/IgG,
4.6 mmx50 mm, Agilent, Palo Alto, CA, USA) [ A IfiL
2k EFEEES (HEBMNIGG). HBCEEE
1) B RIS R R SR e . BE S, 8 FH Amicon
Ultra-4 5500 JE25 (#kFE {E 4 3 kDa; Millipore, Billerica,
MA, USA) 7£ 12 000 xg.4 C 24+ T B> 30 min, PAiE
ATWLER, S G i AN A o A AL S A FE S oM
10 mmol-L™* —#i 75 b EE (DTT, Genview, USA) 7£ 37 C
TEJE 1 h, 2R J5 BN 50 mmol- L il 2 Bk i (1AA,
Sigma-Aldrich Co., St. Louis, USA) 7£ % i « B2 15 ¥R 15
THCE L h @ AT e ik . & JE, W B R E E
(Promega, Madison, WI, USA) LA 1:50 f) Lk 5] 7£ 37 C
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Label free LC-MS/MS 43 #  IfIL3f5 FF K FH 44 7+
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43 5 J& [l Q-Exactive HF Ji #%{X (Thermo Scientific) i3k
AT RS HT o

REHERE EOEENEREAFE N
i 4 A IR 4 B HE & F 3K Sequest HT Al Proteome
Discoverer (Thermo Scientific) 347 J 52 14 & 52 & 4
Mo ARUAEFHEE 2 uniprot-human_170221, 8 ZE 34
Proteome Discover. 1% ¢ I 44 J5 46 /57 1% Ho4hs S A i
Proteome Discoverer # 52 & Sequest HT Ik %5 #&, & #%
L2 LT I B B, SRS AT B R R 45 DA
Peptide FDR < 0.01 fii it it i€ . 7E 1.2 2 7 £ 41 (FC =
fold change) 1 P < 0.05 B & 14+ T, 47 2% 7 & A1 0
. FC > 1.20 f1 P < 0.05 A i (up), FC < 0.83 Fll
P < 0.05 5 ~if (down), 0.83 < FC < 1.20 \ N &L &
Bz s X
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Figure 1 \olcano plot of the differentially expressed proteins. FC:
Fold change. The red dot represents the number of up-regulated
protein, green represents the number of down-regulated protein,
and black represents no difference
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Table 2

Identification of proteins significantly increased in the serum from AD patients compared with health controls. Accession means

accession number, provided by the uniprot-human_170221.fasta. pl is the theoretical calculated from the amino acid sequence of the predicted

mature protein. MW refers to the theoretical molecular mass is kDa calculated from the amino acid sequence

Accession Protein Coverage Peptide MW pl Score Average FC P-value
(AD/HC)
P07996 Thrombospondin-1 20.9 20 129.3 4.94 2 057 5.25 0.02
P02776 Platelet factor 4 35.6 4 10.8 8.62 1421 251 <0.01
B4DTH2 cDNA FLJ61165, highly similar to fibronectin 50.4 14 37.9 5.52 12 377 2.39 <0.01
AO0A1B2FJA7  Apolipoprotein L1 (fragment) 359 9 27.1 7.61 3199 2.32 <0.01
C9IZP8 Complement C1s subcomponent (fragment) 16.5 1 11.8 4.2 376 2.16 <0.01
AO0A0S2Z3Y1 Lectin galactoside-binding soluble 3 binding 234 10 65.3 5.27 1457 2.14 <0.01
protein isoform 1 (fragment)
P02775 Platelet basic protein 38.3 6 13.9 8.79 2320 1.99 <0.01
P01766 Immunoglobulin heavy variable 3-13 19.0 2 125 7.08 369 1.88 0.04
B4DPQO Complement C1r subcomponent 45.6 20 81.8 6.37 7629 1.80 <0.01
Q5NV69 V1-13 protein (fragment) 17.0 1 10.3 5.17 113 1.64 0.02
P08709 Coagulation factor V11 9.4 3 51.6 7.23 143 1.53 0.01
B4DPQ3 cDNA FLJ51034, highly similar to vitamin 248 10 57.4 7.53 1302 1.52 <0.01
K-dependent protein C (EC 3.4.21.69)
ABK2NO cDNA FLJ77835, highly similar to Homo sapiens 334 19 76.6 4.98 6 543 1.52 <0.01
complement component 1, s subcomponent (C1S),
transcript variant 2, mMRNA
P20851 C4b-binding protein beta chain 254 5 28.3 5.14 837 1.41 0.01
P08253 72 kDa type 1V collagenase 5.8 3 73.8 5.47 271 1.38 0.02
Q6UXT71 Plexin domain-containing protein 2 2.3 1 59.5 6.46 400 1.32 0.03
BOYIW2 Apolipoprotein C-111 41.0 4 12.8 8.18 5342 1.31 0.01
P00748 Coagulation factor XII 27.2 13 67.7 7.74 7976 1.29 0.03
P80108 Phosphatidylinositol-glycan-specific 23.1 17 92.3 6.37 4092 1.28 <0.01
phospholipase D
Q13790 Apolipoprotein F 11.7 3 354 5.64 1777 1.27 <0.01
ABK6C9 cDNA FLJ78037, highly similar to Homo sapiens 13.9 2 20.2 9.32 506 1.26 <0.01
insulin-like growth factor 2 (somatomedin A),
mMRNA
P02753 Retinol-binding protein 4 71.6 10 23 6.07 12 363 1.24 0.02
P49908 Selenoprotein P 144 6 43.2 7.87 1386 1.23 <0.01
P43251 Biotinidase 21.2 9 61.1 6.25 3638 1.21 0.03
000391 Sulfhydryl oxidase 1 15.5 9 82.5 8.92 2181 1.21 0.02
AOA0S2Z4L3  ProteinS isoform 2 (fragment) 36.9 20 78.8 5.74 5933 1.21 <0.01

A5 A J DL SRR B — S A AR LR R AR 25 R
B354, Bl L 2 R 8 AR 4L Rk AT
TER AP R M, e B i B 2 R, R, AHT
FE T A AERR 005 B R S O R A B 45
e FAXH R s I AT SR, NG SRR U B T R
3 MEEFEAMNGOEEN

GO 7 #r BN A5 B AT — A B 7 ik
AT A, el R AR BT RR AV 25 5, TS
LY Xt AW A o % I TR A P (B 0 TR R R
) AR Th RS IR0, 45 L 60 D GO ThAE S
HEZEHEEESEA R, P2 GO A% H X
7 HRTWE 0N R AT B85 AD &R HLET A5 14> T
AWt R, B FE FE I R A A L 98 RE S M S AL
AL o R AR G S R A (B13) . PRI, &G RIARE
BRISMEER, NFILEE T 15403 5 Bk A2 e

(22 7 A AE N AD IREAH G B . AN, iR B2
J5i 7E 8 A e 4L (1 21 AD-1/HC-1. AD-2/HC-2 %)
SR — SRR, SURECT 3N 2 5 B3R E
Vg R B RN AD Rk AR AR . R IX 3
AR A R A 1 45 R RO 2 P < 0.05 R
(0 /2 22 e A OB SK), AT B AT J8 DAL R DRy ik 34
HATE 8 A LB A W8 BB 4T (1) — BB AL, $E R
EAT AT REAE AD i ik i o B AR AR ARSI 1)
E. DR, VB A NIX 18 A58 [ T 1 AD ik i 1 ifi
WA br B REAT J5 B2 7L, X e B 0 B RS R
IJ_II_‘% 4[13,15,21-32]o
4 MEESEANBEERSH

f# 1] String %4 % (Version10.5) £ X 18 ME 2
] LA R BATT S LA AD AH DG BE F 2 ) 2 75 BA A G
P, BLFEVE M AR B 1 (A4) BTPRZE A [amyloid beta (A4)
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Table 3 Identification of proteins significantly decreased in the serum from AD patients compared with health controls
Accession Protein Coverage Peptide MW pl Score Average FC P-value
(AD/HC)
S6BGD6 1gG L chain 49.4 8 248 724 18763 0.79 0.04
AON5G3 Rheumatoid factor G9 light chain (fragment) 42.1 4 12.9 6.52 3983 0.79 0.03
P51843 Nuclear receptor subfamily 0 group B member 1 15 1 51.7 8.07 223 0.79 0.04
Q03591 Complement factor H-related protein 1 47.9 13 37.6 7.39 10465 0.75 0.03
AO0A024R944 Serpin peptidase inhibitor, clade C (antithrombin), 50.2 23 52.6 6.71 30745 0.74 <0.01
member 1, isoform CRA_a
A0A125U0V2 GCT-A1 heavy chain variable region (fragment) 19.7 2 13.7 8.78 2 650 0.72 0.02
P01714 Immunoglobulin lambda variable 3-19 17.0 2 12 4.96 837 0.72 <0.01
S6B2B6 19G H chain 8.4 2 293 8.68 2078 0.71 0.03
AOA109PSY4 MS-A1 light chain variable region (fragment) 32.1 2 11.4 8.48 1235 0.71 0.05
AOAOF7T8I16 IGHV4-31 protein (fragment) 9.0 1 108 844 481 0.65 <0.01
Q6IN99 IGL@ protein 404 7 249  6.74 18340 0.62 0.02
A2NYU7 Heavy chain Fab (fragment) 7.1 1 14 9.25 844 0.59 0.01
S6BGD4 1gG H chain 12.0 2 25 9.48 2109 0.59 0.04
PO7737 Profilin-1 35.7 4 15 8.27 239 0.58 0.02
AO0A0S2Z415 Complement factor properdin isoform 1 (fragment) 20.3 7 51.2 7.9 280 0.57 0.02
Q8TBDO Uncharacterized protein (fragment) 7.6 1 14 7.9 282 0.56 0.01
S6B294 1gG L chain 27.6 4 201 872 13044 0.54 0.04
AO0A140TA29 Complement C4-B 59.8 81 1875  7.33 110690 0.54 0.02
P03951 Coagulation factor XI 29.9 15 70.1 8.1 3227 0.54 <0.01
AO0A140TA33 Tenascin-X 13 5 458 5.17 289 0.53 <0.01
B2RMS9 Inter-alpha (globulin) inhibitor H4 (plasma 47.6 34 103.3 6.98 47641 0.53 <0.01
kallikrein-sensitive glycoprotein)
AOAOUIRRH7 Histone H2A 17.1 1 185 11.52 583 0.51 <0.01
AO0A024R6N9 Serpin peptidase inhibitor, clade A (alpha-1 antipro- 20.0 8 45.6 9.26 1770 0.48 <0.01
teinase, antitrypsin), member 5, isoform CRA_a
Q6N095 Uncharacterized protein 12.6 5 52.3 8.57 9599 0.43 0.03
AOAQ075B6L1 Ig lambda-7 chain C region (fragment) 415 3 11.3 8.29 13453 0.41 <0.01
D3GKD8 A-gamma globin Osilo variant 59.9 7 16.2 7.2 1937 0.40 0.05
Q6PJ73 DPF1 protein (fragment) 51 1 475 8.1 19 0.29 0.04
VIHW12 Epididymis secretory sperm binding protein Li 2a 32.8 7 21.9 5.97 639 0.29 <0.01
P00915 Carbonic anhydrase 1 62.8 12 289 7.12 2520 0.22 <0.01
Q5BKX8 Muscle-related coiled-coil protein 2.7 1 41.9 8.28 32 0.26 <0.01
D9YZU5 Beta-globin 95.2 13 16 7.28 32360 0.25 <0.01
AOAOK2BMD8  Mutant hemoglobin alpha 2 globin chain 91.5 10 15.2 8.68 20255 0.24 <0.01
Q96JD0 Amyloid lambda 6 light chain variable region SAR 20.7 2 12.3 5.01 3245 0.20 <0.01
(fragment)
Q1KLZ0 HCG15971, isoform CRA_a 38.9 11 417 548 2915 0.17 <0.01
AONO71 Delta globin 83.7 13 16 8.05 18860 0.17 <0.01

precursor protein, APP]. & JIf & M1 E (apolipoprotein E,
ApoE).Tau % [ (Tau). -3 % 1 (presenilin 1, PSEN1).
L2222 (presenilin 2, PSEN2) Fl p-3 ¥ B 4 8 1 24
fi# I 1 (B-site APP-cleaving enzyme 1, BAEC1). #5%
W 4 FroR, Prf & A # S 4 AL B B TR F R R 2%
B, 3 A e 5N D RERL R, 4T APP AR (APP.
PSEN1.PSEN2.BACE1 fl Tau). fIH [& E A1 A5 254X 5
(ApoE. ApoM. ApoL1. RBP4 fil GPLD1). ¥} & (C1R.
C4B.C4BPB.C1QA il CFHRL). &t I Fl 1l if it F# (F7.
F12.F11.KNG1.AT-1Il fl THBS1) L K %2 Fl 48 i [z
[ (MMP2.PPBP Fl PF4), ‘e A1 2 I8 T % 1 '8 %5 4l i
Forh e M AN - D REAE L 5 APP 45 & N % . X

— g R W IR L) 18 > AD ik AL Mnbr B 5 APP
A B AE A, e AR sl i sz A AR 2
5 AD R, (R, AT HENX 18 48 [ 1R IA K P k3
RE I O AT B 5 AD [ R B 5%, A B AD IR A=
VbR £V RE -

g

AD R 1 93 UL i #2638 47 VRS HS , 3 E B
S A 1 200 M A TS R 2 4650 40 P
Tau 25 138 JEF 0 G 14 M0 R 4 28 76 £ 4 i 4 TR
B L% KT TEAZ B YA S B X 2 76 £ 2 S
T OIS, T AD 5 B R HL % 4
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Figure 2 Cluster analysis of differential protein expression patterns. Each row in the figure represents a protein, each column is a sample/
repetition, and different colors indicate different expression levels (quantity values are log, taken during the drawing, and median corrected)
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Figure 3 Gene ontology (GO) enrichment analysis of differentially expressed proteins. The x-axis rich factor represents the a multiple of

the change in the total proportion of differentially expressed proteins in the GO classification relative to the proportion of identified proteins.
The y-axis represents the enrichment significance of GO biological processes may be associated with pathogenesis of AD
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Table 4 The function of 18 proteins selected as candidate biomarkers for AD and their related research in AD blood biomarkers. 15 differ-
entially expressed proteins meet the fold difference criteria (ratios > 1.20 or < 0.83) and P < 0.05. ApoM, KNG1 and C1QA meet the fold
difference criteria, but don't meet the statistical significance criteria. (+), protein increased in abundant; (-), protein decreased in abundant;

(=), no significant difference; No, not been reported

References in AD

Accession Protein Gene name MW FC P-value Function blood-based
biomarkers
P03951 Coagulation factor XI F11 70.1 0.54 <0.01  Coagulation, inflammation ()=
P02775 Platelet basic protein PPBP 139  2.00 <0.01  Coagulation, inflammation, (-)re
immune response
A0A024R944  Antithrombin-111 SERPINC1 526 0.74 <0.01  Anti-coagulation, (+)r
anti-inflammation
B4DPQO Complement C1r CIR 81.8 1.80 <0.01 Complement system No
subcomponent
P02776 Platelet factor 4 PF4 108 251 <0.01 Coagulation, inflammation No
response, wound repair
AOA1B2FJA7  Apolipoprotein L1 APOL1 271 232 <0.01 Cholesterol metabolism, No
(fragment) autophagic cell death,
inflammatory response,
innate immunity
P80108 Phosphatidylinositol- GPLD1 923 1.28 <0.01 Hydrolyze the inositol No
glycan-specific phosphate linkage in proteins
phospholipase D anchored by phosphatidylinositol
glycans
P08709 Coagulation factor V11 F7 51.6  1.53 0.01  Coagulation No
P20851 C4b-binding protein beta C4BPB 283 141 0.01  Accelerate decay of classical ()&
chain and lectin C3 convertase (+)e
P02753 Retinol-binding protein 4 RBP4 23 1.24 0.02 Retinol transporter No
P07996 Thrombospondin-1 THBS1 129.3 5.25 0.02  Hemostasis (-)re
AO0A1407A29 Complement C4-B C4B 1875 0.54 0.02  Complement system (+)e,
()
P08253 72 kDa type 1V collagenase ~ MMP2 73.8 1.38 0.02  Degradation of extracellular (+)ten2el;
matrix, regulation of vasculariza- ()
tion, inflammatory response
Q03591 Complement factor CFHR1 376 0.75 0.03  Complement system (-)E0
H-related protein 1
P00748 Coagulation factor XII F12 67.7 1.29 0.03  Coagulation GL
095445 Apolipoprotein M APOM 212  0.62 0.06  Lipid transporter activity, (-)us
antioxidant activity, binding
B4E1C2 Kininogen 1, isoform KNG1 71.9 0.78 0.28  Receptor binding, zinc ion (-)e2
CRA_b binding, heparin binding,
cysteine-type endopeptidase
inhibitor activity
P02745 Complement Clq C1QA 26 0.69 0.24  Complement system, regulation No

subcomponent subunit A

of immune system process
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Figure 4 Network analysis diagram of protein-protein interaction analysis. The protein-protein interaction networks of the 18 proteins

listed in table 4 and well-known proteins related to AD were created using STRING database (Version10.5). Each node represents a protein

and the links between nodes represent known or predicted functional protein-protein interactions
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