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Thank you, diolch yn fawr, tack, obrigada, dziękuję ci, 

blagodaria, grazie, danke, gracias, merci, shukran, köszönöm, 

spasiba!!! 
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Sample group Matrix Number of samples 

Centenarians and controls Plasma 20 

Newly diagnosed PD patients and healthy controls Plasma 20 

Homozygous twin pairs discordant for developing PD post sampling Serum 18 

Idiopathic PD patients, symptomatic and asymptomatic LRRK2  

mutation carriers, and controls 

Urine 31 

 



Sample group Matrix Number of samples 

Centenarians, offspring, and controls Plasma 186 

Newly diagnosed PD patients, iRBD patients, non-PD neurological  

disorders patients, and healthy controls 

Plasma 211 

Newly diagnosed PD patients, iRBD patients, non-PD neurological  

disorders patients, and healthy controls 

Urine 211 
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Fraction number High-pH column Analytical column 

 Percentage B at endpoint Percentage B at midpoint Percentage B at endpoint 

# 1 7.4 5.7 40 

# 2 10.8 9.9 40 

# 3 12.6 11.9 40 

# 4 14.0 13.4 40 

# 5 15.3 14.6 40 

# 6 16.7 15.9 40 

# 7 18.3 17.3 40 

# 8 20.4 18.9 40 

# 9 23.5 22.0 40 

# 10 60.0 42.0 60 
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Gene Amino acid sequence 

Precursor 

ion  

[m/z] 

Product 

ion #1 

[m/z] 

Product 

ion #2 

[m/z] 

Collision 

voltage, ion 

#1/#2 [V] 

A2M AFQPFFVELTMPYSVIR 1023.30 1079.59 1208.63 37 / 37 

ADIPOQ IFYNQQNHYDGSTGK 591.27 666.32 1106.49 20 / 20 

ANXA2 TNQELQEINR 622.82 659.35 772.43 22 / 22 

ANXA2 TPAQYDASELK 611.80 825.40 1024.49 22 / 22 

APOE LGPLVEQGR 484.78 588.31 701.39 17 / 17 

APP GLTTRPGSGLTNIK 472.27 572.33 622.85 16 / 16 

APP YLETPGDENEHAHFQK 638.96 767.39 1010.48 22 / 22 

ATIC HVSPAGAAVGIPLSEDEAK 616.65 847.44 888.43 21 / 21 

ATIC DVSELTGFPEMLGGR 804.39 759.38 963.47 29 / 29 

BCAP29 SSTSRPDAYEHTQMK 435.20 468.72 504.23 14 / 14 

BCHE YGNPNETQNNSTSWPVFK 1041.98 490.30 874.92 37 / 37 

BCHE YLTLNTESTR 599.31 707.33 921.46 21 / 21 

C15orf62 EQFPSEPSF 534.24 350.17 718.30 19 / 19 

C15orf62 LPLWGDEQPR 605.81 701.32 887.40 21 / 21 

C3 TVMVNIENPEGIPVK 820.44 853.48 982.52 29 / 29 

CAPN2 SDTFINLR 483.26 515.33 763.45 17 / 17 

1 - 2.6 min

1.5 - 3.345 min

2.6 - 3.76 min

3.345 - 4.2 min

3.76 - 4.565 min

4.2 - 5.055 min

4.565 - 5.365 min

5.055 - 5.805 min

5.365 - 6.125 min

5.805 - 6.835 min

6.125 - 7.35 min

6.835 - 7.93 min

7.35 - 8.73 min

7.93 - 10 min

8.73 - 10 min

Inj 01 | Func. 01

Inj 02 | Func. 01

Inj 01 | Func. 02

Inj 02 | Func. 02

Inj 01 | Func. 03

Inj 02 | Func. 03

Inj 01 | Func. 04

Inj 02 | Func. 04

Inj 01 | Func. 05

Inj 02 | Func. 05

Inj 01 | Func. 06

Inj 02 | Func. 06

Inj 01 | Func. 07

Inj 02 | Func. 07

Inj 01 | Func. 08

Retention time [min]



Gene Amino acid sequence 

Precursor 

ion  

[m/z] 

Product 

ion #1 

[m/z] 

Product 

ion #2 

[m/z] 

Collision 

voltage, ion 

#1/#2 [V] 

CAPN2 NFFLTNR 456.24 650.36 797.43 16 / 16 

CCL13 SYVITTSR 463.75 577.33 676.40 16 / 16 

CCL17 DAIVFVTVQGR 602.84 806.45 905.52 21 / 21 

CCL2 WVQDSMDHLDK 458.54 845.38 960.41 15 / 15 

CCL22 HFYWTSDSCPRPGVVLLTFR 610.31 627.89 649.40 21 / 21 

CCL24 GQQFCGDPK 518.73 576.22 723.29 16 / 16 

CCL26 SYEFTSNSCSQR 733.30 838.35 939.39 26 / 26 

CCL4 NFVVDYYETSSLCSQPAVVFQTK 894.76 889.47 1104.56 27 / 27 

CD200R1 QITQNYSK 491.09 370.66 740.45 14 / 18 

CD22 EVQFFWEK 556.77 609.30 756.37 20 / 20 

CHI3L1 VTIDSSYDIAK 606.31 696.36 783.39 21 / 21 

COL4A2 GLDGYQGPDGPR 616.29 541.27 726.35 22 / 22 

COL4A2 SVSIGYLLVK 539.83 692.43 892.55 19 / 19 

COL6A3 QLGTVQQVISER 679.38 859.46 1116.60 24 / 24 

CPS1 FVHDNYVIR 388.20 458.74 779.40 13 / 13 

CRP APLTKPLK 289.86 586.39 699.48 9 / 9 

CRP ESDTSYVSLK 564.77 696.39 797.44 20 / 20 

CS ALGVLAQLIWSR 663.92 448.06 561.10 16 / 16 

CSF1R NVLLTNGHVAK 583.34 625.34 726.39 21 / 21 

CSF1R VVEATAFGLGK 546.31 764.43 893.47 19 / 19 

CST3 ALDFAVGEYNK 613.81 780.39 927.46 22 / 22 

CTHRC1 GDASTGWNSVSR 618.78 805.40 906.44 22 / 22 

CUL5 YVEQLLTLFNR 698.39 763.45 876.53 25 / 25 

CYCS TGPNLHGLFGR 390.21 505.78 534.29 13 / 13 

CYCS GIIWGEDTLMEYLENPK 670.00 763.35 892.39 18 / 18 

DCXR TQADLDSLVR 559.39 474.52 888.86 26 / 16 

DCXR AVIQVSQIVAR 592.36 772.47 900.53 21 / 21 

DKK3 EVPDEYEVGSFMEEVR 957.92 843.87 1053.50 34 / 34 

DKK3 SAVEEMEAEEAAAK 732.83 818.39 1078.47 26 / 26 

EFNA5 VFDVNDK 418.71 590.28 737.35 14 / 14 

EFNA5 VENSLEPADDTVHESAEPSR 728.00 755.84 820.36 25 / 25 

ENDOU YGSEQEFVDDLK 715.33 865.43 1266.58 25 / 25 

EPO TITADTFR 462.74 609.30 710.35 16 / 16 

EPO EVWQGLALLSEAVLR 842.78 674.61 1141.94 22 / 28 

FABP5 ELGVGIALR 464.28 529.35 685.44 16 / 16 

FABP5 TTQFSTLGEK 556.29 781.41 909.47 20 / 20 

FGA AQLVDMK 402.72 492.25 605.33 14 / 14 

FGA GLIDEVNQDFTNR 760.87 894.41 1237.54 27 / 27 

FGF2 LESNNYNTYR 637.29 716.34 830.38 23 / 23 

FGF21 EDGTVGGAADQSPESLLQLK 672.34 464.28 701.46 23 / 23 

FGF21 YLYTDDAQQTEAHLEIR 689.33 813.89 895.42 23 / 23 

GRN ENATTDLLTK 553.29 690.40 791.45 19 / 19 

GRN AVALSSSVMCPDAR 732.35 1022.44 1109.47 26 / 26 

HBE1 MNVEEAGGEALGR 666.81 730.38 859.43 24 / 24 

HBE1 EFTPEVQAAWQK 717.36 830.45 1056.55 25 / 25 



Gene Amino acid sequence 

Precursor 

ion  

[m/z] 

Product 

ion #1 

[m/z] 

Product 

ion #2 

[m/z] 

Collision 

voltage, ion 

#1/#2 [V] 

HELLS LISQIQPEVDR 649.36 743.37 984.51 23 / 23 

HPX YYCFQGNQFLR 748.34 862.45 1009.52 27 / 27 

HSP90AB1 SIYYITGESK 580.80 634.34 797.40 20 / 20 

HSPA1L VEIIANDQGNR 614.82 703.31 774.35 22 / 22 

HSPA5 ITITNDQNR 537.78 747.34 860.42 19 / 19 

HSPA8 DAGTIAGLNVLR 600.34 742.46 855.54 21 / 21 

HSPD1 VTDALNATR 480.76 645.37 760.39 17 / 17 

ICAM1 LLGIETPLPK 540.84 797.48 854.50 19 / 19 

ICAM1 ASVSVTAEDEGTQR 725.34 834.36 1006.44 26 / 26 

IFNG AIHELIQVMAELSPAAK 911.15 386.13 473.19 25 / 25 

IFNG IMQSQIVSFYFK 745.89 903.50 1031.56 27 / 27 

IL1A ESMVVVATNGK 567.79 589.33 688.40 20 / 20 

IL1B SLVMSGPYELK 612.32 793.41 924.45 22 / 22 

IL2 DLISNINVIVLELK 791.97 813.54 927.59 28 / 28 

IL4 EANQSTLENFLER 775.88 807.40 920.48 28 / 28 

IL5 TLLIANETLR 572.34 703.37 816.46 20 / 20 

IL6 YILDGISALR 560.82 616.38 844.49 20 / 20 

IL7 LNDLCFLK 511.77 680.38 795.41 18 / 18 

IL10 AMSEFDIFINYIEAYMTMK 1159.71 379.34 510.43 26 / 24 

IL10 DQLDNLLLK 536.31 715.43 828.52 19 / 19 

IL12A TSTVEACLPLELTK 781.41 700.40 1173.60 26 / 26 

IL12B EDGIWSTDILK 638.82 676.39 862.47 23 / 23 

IL13 ELIEELVNITQNQK 835.95 944.52 1057.60 30 / 30 

IL15 TEANWVNVISDLK 744.89 788.45 887.52 26 / 26 

IL16 DPGVSESPPPGR 597.79 739.37 925.47 21 / 21 

IRAK4 SANILLDEAFTAK 696.87 781.37 894.46 25 / 25 

ITIH2 TEVNVLPGAK 514.29 698.42 797.49 18 / 18 

ITIH2 VQFELHYQEVK 473.91 666.35 803.40 16 / 16 

LMO7 KPQDQLVIER 409.23 417.25 710.38 13 / 13 

MAPK12 VTGTPPAEFVQR 651.35 472.25 846.45 23 / 23 

MASP2 AGYVLHR 408.23 425.26 524.33 14 / 14 

MASP2 WPEPVFGR 494.26 575.33 801.43 17 / 17 

MMP3 GNQFWAIR 496.26 545.32 692.39 17 / 17 

MMP3 TYFFVEDK 524.75 637.32 784.39 18 / 18 

MSN EDAVLEYLK 540.28 552.30 665.39 19 / 19 

MUC5B ATNSTATPSSTLGTTR 783.39 919.48 1020.53 28 / 28 

NCAM1 LEGQMGEDGNSIK 689.32 819.38 950.42 24 / 24 

NCAM1 DGQLLPSSNYSNIK 768.39 1009.49 1122.58 27 / 27 

NDRG1 ISGWTQALPDMVVSHLFGK 696.03 615.32 787.45 24 / 24 

NDRG1 MADCGGLPQISQPAK 786.88 868.49 1038.59 28 / 28 

NEFL YEEEVLSR 512.75 603.35 732.39 18 / 18 

NEFL VLEAELLVLR 577.86 613.44 813.52 20 / 20 

NEFM SIELESVR 466.76 490.26 732.39 16 / 16 

NEFM FVEEIIEETK 618.82 732.41 990.50 22 / 22 

NEFH LEQEHLLEDIAHVR 426.23 595.37 710.39 14 / 14 

NEFH TSVSSVSASPSR 582.80 604.30 877.44 20 / 20 



Gene Amino acid sequence 

Precursor 

ion  

[m/z] 

Product 

ion #1 

[m/z] 

Product 

ion #2 

[m/z] 

Collision 

voltage, ion 

#1/#2 [V] 

NFATC2 YQQQNPAAVLYQR 789.90 820.47 917.52 28 / 28 

NFKBIZ ASGQAVDDFK 519.25 694.34 879.42 18 / 18 

NLRP3 YLEDLEDVDLK 676.34 831.45 946.47 24 / 24 

OLR1 QQAEEASQESENELK 573.93 719.36 848.40 19 / 19 

PGAM1 AMEAVAAQGK 488.25 644.37 773.42 17 / 17 

PGK1 VLPGVDALSNI 549.50 466.54 885.84 8 / 10 

PKM ITLDNAYMEK 599.29 755.34 791.39 21 / 21 

PLAU SDALQLGLGK 501.28 615.38 728.47 17 / 17 

PLD3 LLISCWGHSEPSMR 558.27 667.27 723.82 19 / 19 

PLD3 ALLNVVDNAR 542.81 574.29 787.41 19 / 19 

PPP3CB GLTPTGMLPSGVLAGGR 792.43 656.86 813.46 28 / 28 

PRDX3 GLFIIDPNGVIK 643.38 742.41 855.49 23 / 23 

PRG4 GFGGLTGQIVAALSTAK 795.95 1058.62 1159.67 28 / 28 

PTGDS AQGFTEDTIVFLPQTDK 955.51 363.41 588.56 42 / 26 

PTGDS TMLLQPAGSLGSYSYR 872.44 989.47 1157.56 31 / 31 

PTGES2 QWADDWLVHLISPNVYR 704.54 735.46 848.62 20 / 24 

RANGAP1 AFNSSSFNSNTFLTR 564.94 637.34 751.38 16 / 16 

RANGAP1 VINLNDNTFTEK 704.36 968.43 1195.56 25 / 25 

SAA1 EANYIGSDK 498.74 682.34 796.38 17 / 17 

SAA1 SFFSFLGEAFDGAR 776.22 303.33 822.63 34 / 22 

SELE YTHLVAIQNK 396.22 573.34 672.40 13 / 13 

SERPINA1 LSSWVLLMK 538.81 603.39 876.50 19 / 19 

SERPINA3 LYGSEAFATDFQDSAAAK 946.44 952.44 1053.48 34 / 34 

SERPINF2 LGNQEPGGQTALK 656.85 674.38 771.44 23 / 23 

SERPINF2 HQMDLVATLSQLGLQELFQAPDLR 908.65 500.13 1112.82 18 / 18 

SERPING1 LVLLNAIYLSAK 659.41 765.45 992.58 23 / 23 

SMC4 SNNIINETTTR 631.82 721.35 834.43 22 / 22 

SNAP25 AWGNNQDGVVASQPAR 557.27 558.30 629.34 19 / 19 

SNAP25 HMALDMGNEIDTQNR 582.26 633.30 746.38 20 / 20 

SOD1 LACGVIGIAQ 501.18 201.01 218.10 22 / 18 

SOD2 LTAASVGVQGSGWGWLGFNK 1018.20 1064.53 1208.58 37 / 37 

SOD3 AGLAASLAGPHSIVGR 492.95 582.83 618.35 16 / 16 

SOD3 VTGVVLFR 445.78 534.34 690.43 15 / 15 

SPP2 DALSASVVK 445.25 503.32 590.35 15 / 15 

SPP2 VNSQSLSPYLFR 705.87 695.39 782.42 25 / 25 

TEK IVDLPDHIEVNSGK 512.61 548.28 662.33 17 / 17 

THY1 HVLFGTVGVPEHTYR 428.73 401.70 479.74 14 / 14 

TLR6 DMPSLEILDVSWNSLESGR 1074.49 948.79 1035.89 32 / 30 

TNF DNQLVVPSEGLYLIYSQVLFK 1213.38 570.24 669.35 27 / 27 

TNF ANALLANGVELR 620.85 758.42 871.50 22 / 22 

TNFB MHLAHSTLKPAAHLIGDPSK 531.79 331.20 619.35 18 / 18 

TNNT3 DLMELQALIDSHFEAR 629.98 764.89 830.41 21 / 21 

TOLLIP LNITVVQAK 493.31 645.39 758.48 17 / 17 

TOLLIP GPVYIGELPQDFLR 802.43 775.41 1074.56 29 / 29 

TRAP1 ELGSSVALYSR 591.31 609.34 882.47 21 / 21 



Gene Amino acid sequence 

Precursor 

ion  

[m/z] 

Product 

ion #1 

[m/z] 

Product 

ion #2 

[m/z] 

Collision 

voltage, ion 

#1/#2 [V] 

TUBA4A DVNAAIAAIK 493.29 586.39 771.47 17 / 17 

TUBA4A AVFVDLEPTVIDEIR 858.46 942.53 1299.68 31 / 31 

TXN LEATINELV 501.22 474.11 528.24 9 / 9 

UBC TITLEVEPSDTIENVK 894.47 905.46 1002.51 32 / 32 

VCAM1 LHIDEMDSVPTVR 756.59 251.23 472.42 28 / 24 

VCAM1 NTVISVNPSTK 580.32 732.39 944.54 20 / 20 

VEGFA SWSVYVGAR 512.76 565.31 751.41 18 / 18 

VEGFC FAAAHYNTEILK 459.91 580.31 615.83 15 / 15 

VEGFD FAATFYDIETLK 709.86 718.40 881.46 25 / 25 

Internal standards     

ENO1 

(yeast) 
GNPTVEVELTTEK 709.06 623.49 948.68 18 / 20 

RSU1 ALYLSDNDFEILPPDIGK 1014.30 633.37 746.37 36 / 36 

C3 SSLSVPYVIVPLK 704.43 357.25 934.60 25 / 25 

      

GSTO1 GSAPPGPVPEGSIR 664.36 556.81 1015.56 23 / 23 

TSP1 TIVTTLQDSIR 627.36 940.52 1039.59 22 / 22 
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Fraction # Load 1 2 3 4 5 6 7 8 9 10 

Voltage (V) 50 50 50 100 100 100 100 100 100 100 100 

Time (min) 16 41.5 7 2 2 3 5 7 10 15 20 

Total time 

(min) 
16 57.5 64.5 66.5 68.5 71.5 76.5 83.5 93.5 108.5 128.5 
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Fraction # Load 1 2 3 4 5 6 7 8 9 10 

Voltage (V) 50 50 50 100 100 100 100 100 100 100 100 

Time (min) 16 41.5 7 2 2 3 5 7 10 15 20 

Total time (min) 16 57.5 64.5 66.5 68.5 71.5 76.5 83.5 93.5 108.5 128.5 
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Fraction # 1 2 3 4 5 6 7 8 9 10 

High-pH column [%B] 7.4 10.8 12.6 14 15.3 16.7 18.3 20.4 23.5 60 
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Fraction  1 2 3 4 5 6 7 8 9 10 Time 

P # 1 7.4% 10.8% 12.6% 14.0% 15.3% 16.7% 18.3% 20.4% 23.5% 60.0% 13.8 

P # 2 12.6% 14.9% 18.0% 21.3% 24.6% 29.7% 34.2% 39.3% 45.2% 60.0% 13.8 

P # 3 12.6% 14.0% 15.3% 16.7% 18.3% 20.4% 23.5% 60.0%   11.0 

P # 4 12.6% 14.9% 18.0% 21.3% 24.6% 29.7% 60.0%    9.7 
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𝑀𝐴𝐷 = 𝑀𝑖(|𝑥𝑖 − 𝑀𝑗(𝑥𝑗)|) 

 

 

 



𝑦𝑗[𝑟𝑒𝑠] = 𝑦𝑗[𝑜𝑏𝑠] − 𝑦𝑗[𝑝𝑟𝑒𝑑] 
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𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =  
𝑇𝑁

𝑇𝑁 + 𝐹𝑃

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
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LDA SVM RidgeC Actual classes 

Predicted as control 21 18 14 25 

Predicted as disease 45 34 42 49 

Accuracy 89% 70% 76% 
 

Sensitivity 92% 83% 79%  

Specificity 84% 55% 67%  
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Group Number of samples Percentage males / females Age ± SD 

Control 10 40% M | 60% F 68.8 (± 6.7) 

Centenarian 10 20% M | 80% F 103.8 (± 2.9) 

 



 

 

 

 



 

 







Upstream Regulator p-value of overlap Target molecules in dataset 

IL6 1.09E
-9
 A2M, ALB, CD14, CD163, CFD, CP, CST3, FGA, GFAP, 

HBE1, LRG1, ORM1, PPBP, S100A9, SAA1, SERPINA1, 

SERPINA3 

CEBPB 2.4E
-8
 ADIPOQ, ALB, CD14, CFD, CHIT1, CP, FBLN1, GFAP, NRP1, 

ORM1, SAA1, SERPINA1 

STAT3 3.74E
-5
 A2M, ADIPOQ, FGA, GFAP, NRP1, PROCR, S100A9, SAA1, 

SERPINA1, SERPINA3 
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Significance level of 

t-test between 

centenarians and 

control 

 
Significance level of age versus protein expression regression, 

testing if the slope is different from zero 

 
 Centenarians and control Centenarians Control 

PZP **** 
 

**** NS NS 

SERPINA1 **** 
 

*** NS NS 

ITIH3 **** 
 

*** * NS 

CLEC3B *** 
 

*** NS NS 

LRG1 *** 
 

*** ** NS 

CTBS *** 
 

** * NS 
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*** NS NS 
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** NS NS 

OAF ** 
 

** NS NS 
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Significance level of 

t-test between 

centenarians and 

control 

 
Significance level of age versus protein expression regression, 

testing if the slope is different from zero 

 
 Centenarians and control Centenarians Control 
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* NS NS 
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* NS NS 

C6 * 
 

* * NS 

FGA * 
 

NS NS NS 
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* NS NS 

CD163 * 
 

* NS NS 

BTD * 
 

NS NS * 

VCL * 
 

NS ** NS 

CFI * 
 

NS NS NS 

ALB * 
 

NS NS NS 

NRP1 * 
 

* NS NS 

 



 

 



 

 

Group Number of samples Percentage males / females Age ± SD 

Control 40 50% M | 50% F 70.0 (± 7.1) 

Offspring 54 35% M | 65% F 71.0 (± 6.6) 

Centenarian 92 23% M | 77% F 103.8 (± 3.0) 

 

 

 

μ

0

10

20

30

40

50

60

70

51-60 61-70 71-80 81-90 91-100 101-110 >110

F
r
e
q
u
e
n
c
y

Age

Control

Offspring

Centenarian



 

μ

μ μ

 

 

 



 

■ ■ ■

 

 



 



 



 

 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 



 

V
C

A
M

1
 

T
U

B
A

4
A

 

S
O

D
3

 

S
E
R
P
I
N

G
1

 

S
E
R
P
I
N

F
2

 

S
E
R
P
I
N

A
3

 

S
E
R
P
I
N

A
1

 

S
A

A
1

 

P
T
G

D
S
 

P
R
G

4
 

P
L
D

3
 

P
K
M

 

P
G

K
1

 

M
A

S
P
2

 

L
M

O
7

 

IT
IH

2
 

IC
A

M
1

 

H
S
P
A

5
 

H
S
P
A

1
L
 

H
P
X
 

G
R
N

 

F
G

A
 

F
A

B
P
5

 

C
S
T
3

 

C
3

 

B
C

H
E
 

A
P
O

E
 

A
D

IP
O

Q
 

A
2
M

 

  

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

C
o
n
t
r
o
l
 

N
o
t 
a
d
ju

s
te

d
 
f
o
r
 
s
e
x
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

O
f
f
s
p
r
in

g
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

C
o
n
t
r
o
l/

o
f
f
s
p
r
in

g
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

C
e
n
te

n
a
r
ia

n
s
 

*
*
*
*
 
(
↑
)
 

N
S
 

*
 
(
↑
)
 

*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↑
)
 

*
*
*
 
(
↑
)
 

*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
*
 
(
↑
)
 

*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↑
)
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

A
ll
 
s
a
m

p
le

s
 

                               

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

C
o
n
t
r
o
l 

S
e
x
-
a
d
ju

s
te

d
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

O
f
f
s
p
r
in

g
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

C
o
n
t
r
o
l/

o
f
f
s
p
r
in

g
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

*
 
(
↓
)
 

N
S
 

N
S
 

N
S
 

N
S
 

C
e
n
te

n
a
r
ia

n
s
 

*
*
*
*
 
(
↑
)
 

N
S
 

*
 
(
↑
)
 

N
S
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↑
)
 

*
*
 
(
↑
)
 

*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
 
(
↑
)
 

*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↑
)
 

N
S
 

N
S
 

N
S
 

N
S
 

N
S
 

*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↓
)
 

*
*
*
*
 
(
↓
)
 

N
S
 

*
*
*
*
 
(
↑
)
 

*
*
*
*
 
(
↑
)
 

A
ll
 
s
a
m

p
le

s
 

 



 

 Not adjusted for sex  Sex-adjusted 

 
Cent. vs 

ctrl 

Cent. vs 

offsp. 

Cent. vs 

ctrl/offsp. 

Ctrl vs 

offsp. 
 

Cent. vs 

ctrl 

Cent. vs 

offsp. 

Cent. vs 

ctrl/offsp. 

Ctrl vs 

offsp. 

A2M  *** **** **** NS  ** **** **** NS 

SERPINA3  **** *** **** NS  *** ** **** NS 

ADIPOQ  *** *** **** NS  ** *** **** NS 

APOE  NS NS NS NS  NS NS NS NS 

BCHE  **** **** **** NS  **** **** **** NS 

C3  * **** **** NS  * **** **** NS 

CST3  **** **** **** NS  **** **** **** NS 

FABP5  * ** ** NS  NS ** ** NS 

FGA  NS NS NS NS  NS NS NS NS 

GRN  NS NS NS NS  NS NS NS NS 

HPX  * NS NS NS  NS NS NS NS 

HSPA1L  NS NS NS NS  NS NS NS NS 

HSPA5  NS NS NS NS  NS NS NS NS 

ICAM1  ** **** **** NS  * *** **** NS 

ITIH2  *** **** **** NS  *** **** **** NS 

LMO7  * NS * NS  NS NS NS NS 

MASP2  * NS ** NS  NS NS * NS 

PGK1  NS NS NS NS  NS NS NS NS 

PKM  *** **** **** NS  *** **** **** NS 

PLD3  NS NS NS NS  NS NS NS NS 

PRG4  ** **** **** NS  ** **** **** NS 

PTGDS  **** **** **** NS  **** **** **** NS 

SAA1  ** ** **** NS  ** ** *** NS 

SERPINA1  ** * *** NS  * * ** NS 

SERPINF2  **** **** **** NS  **** **** **** NS 

SERPING1  * NS ** NS  NS NS NS NS 

SOD3  ** NS ** NS  * NS * NS 

TUBA4A  NS NS NS NS  NS NS NS NS 

VCAM1  **** **** **** NS  **** **** **** NS 



 
All samples Control Offspring Centenarians 

Control/ 

offspring 

Age * NS NS NS NS 

A2M  * NS NS NS NS 

SERPINA3  ** * NS NS NS 

ADIPOQ  ** NS * NS ** 

APOE  **** NS * NS ** 

BCHE  NS NS NS NS NS 

C3  NS NS NS NS NS 

CST3  NS NS NS NS NS 

FABP5  NS NS NS NS NS 

FGA  NS NS NS NS NS 

GRN  NS NS NS NS NS 

HPX  ** NS NS NS * 

HSPA1L  NS NS NS NS NS 

HSPA5  NS NS NS NS NS 

ICAM1  * NS NS NS NS 

ITIH2  NS NS NS NS * 

LMO7  NS NS NS NS NS 

MASP2  NS NS NS NS NS 

PGK1  NS NS NS NS NS 

PKM  NS NS NS NS NS 

PLD3  NS NS NS NS NS 

PRG4  NS NS NS NS NS 

PTGDS  NS NS NS NS NS 

SAA1  NS NS NS NS NS 

SERPINA1  * NS NS NS NS 

SERPINF2  NS * NS NS * 

SERPING1  *** NS NS NS ** 

SOD3  * * NS NS NS 

TUBA4A  NS NS NS NS NS 

VCAM1  * NS NS NS NS 
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Sig. level 

discovery 

study 

Highest in 

Sig. level targeted study 

Targeted 

results 
Centenarians 

vs control 

Centenarians 

vs offspring 

Centenarians 

vs control/ 

offspring 

A2M * Centenarian ** **** **** Confirmed 

ADIPOQ * Centenarian ** *** **** Confirmed 

CST3 * Centenarian **** **** **** Confirmed 

CTHRC1 * Control    Not detected 

FGA * Centenarian NS NS NS Not confirmed 

HBE1 * Centenarian    Not detected 

PTGDS * Centenarian **** **** **** Confirmed 

SOD3 * Centenarian * NS * Confirmed
†
 

CSF1R ** Centenarian    Not detected 

DKK3 ** Centenarian    Not detected 

PKM ** Control *** **** **** Confirmed 

SAA1 ** Centenarian ** ** *** Confirmed 

SERPINA1 **** Centenarian * * ** Confirmed 
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Protein Literature references Classification 

 Significantly differentially expressed between centenarians and control/offspring  

A2M (↑) Not included in Lehallier’s study. Tier B protein in Johnson’s review. A2M has been 

reported to decrease with age [168]. In this study, A2M is upregulated in the 

centenarians.  

A, B 

ADIPOQ (↑) Variant of ADIPOQ significantly positively correlated with longevity in a study of 

centenarians [169]. Reported to protect against age-related diseases [170].  

A 

BCHE (↓) Hydrolyses Ghrelin of which low levels are associated with less obesity and possibly 

longevity [171]. High levels of BCHE are linked to lower mortality risk [172] 

B 

C3 (↓) Found to increase with age in a microarray study of young and aged individuals, and 

AD patients [173] 

A, B 

CST3 (↑) Involved in intra-cellular degradation of APP-Aβ [174]. Lower levels of CST3 were 

found associated with longevity (and late onset AD) in a proteomic study [175].  

B 

FABP5 (↑) No changes in Lehallier or Johnson’s studies. No compelling evidence from literature 

to support that FABP5 changes with age 

A, C 

ICAM1 (↑) No changes in Lehallier or Johnson’s studies. Reported to increase with age in an 

ageing study in rats [176]. Also reported to be upregulated in senescent cells [177]. 

B 

ITIH2 (↓) ITIH2 has been identified in ageing studies, downregulated with increasing age [178]. B 

MASP2 (↑) Tier B protein in Johnson’s review but not found in Lehallier’s study. Additional 

literature searches did not identify any results related to longevity or ageing. 

A, C 

PKM (↓) Increased levels in older naked mole-rats compared to younger [179]. Otherwise, no 

evidence found of associations with age. 

A, B 

PRG4 (↓) Not significant in Lehallier’s or Johnson’s publications. PRG4 has been found to 

decrease with advancing age in tendons and cartilage in animal studies [180, 181] 

A, C 

PTGDS (↑) Up with age (Lehallier). Changes with age, tier B, Johnson.  B 

SAA1 (↑) No changes in Lehallier or Johnson’s studies. No compelling evidence to support that 

SAA1 changes with age. 

A, C 

SERPINA1 (↑) No changes in Lehallier’s study, but a tier B protein in Johnson’s review.  A, B 

SERPINA3 (↑) No changes in Lehallier or Johnson’s studies. Upregulated with age in healthy controls 

in a study of prion disease [182]. Other studies have found no differences. 

A, C 

SERPINF2 (↓) Downregulated with age in Lehallier’s study and altered with age in Johnson’s review 

(tier B). Upregulated in younger rats compared to older. Dietary intervention increased 

levels [183] 

B 

SOD3 (↑) No changes in Lehallier or Johnson’s studies. SOD3 is an antioxidant. No clear hits 

on ageing. 

A, C 

VCAM1 (↑) Elevated levels are associated with ageing and have been linked to an increased 

inflammatory profile in endothelial brain cells [184] 

B 

 No significant difference between centenarians and control/offspring  

HPX Altering with age in Johnson’s review but not in Lehallier’s study. It was also found to 

alter in a proteomics longevity study in men [175]. 

A, B 

APOE Alters with age in Johnson’s review (tier B) but not in Lehallier’s study. In ageing men, 

APOE changed with age [175]. Associated with increased lifespan in some studies but 

not others [185] 

B/C 

FGA Altered with age in both Johnson’s review (tier A) and Lehallier’s study. It was also 

found to significantly correlate with age in a large-scale proteomics study [186]. 

A, B 

GRN Altered with age in both Johnson’s review and Lehallier’s study. A, B 

HSPA1L Not found in Johnson’s review or Lehallier’s study. No compelling evidence to support 

an expression change with age. 

C 

HSPA5 Not found in Johnson’s review or Lehallier’s study. Increased levels were found to be 

associated with increased mortality in a study of longevity in men [175] 

A, B 

LMO7 Not included in Lehallier’s study and not found in Johnson’s review. No compelling 

evidence to support an expression change with age. 

C 

PGK1 Tier B protein in Johnson’s review and changes with age in Lehallier’s study. A, B 



Protein Literature references Classification 

 Significantly differentially expressed between centenarians and control/offspring  

PLD3 Tier B protein in Johnson’s review and weakly correlated with age in Lehallier’s study. 

Variants are associated with AD, but no evidence that the protein is correlated with 

age or longevity. 

B/C 

SERPING1 No changes in Lehallier or Johnson’s studies. No compelling evidence to support that 

SERPING1 changes with age from the literature.  

C 

TUBA4A Not found in Johnson’s review or Lehallier’s study. No compelling evidence that the 

protein is correlated with ageing. 

C 
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Group Number of samples Males/females Years since PD onset ± SD Age ± SD 

De novo PD 10 80% M | 20% F N/A N/A 

Control 10 40% M | 60% F N/A N/A 

 

 



Group Number of samples Males/females Years until PD onset ± SD Age ± SD 

Pre-PD 9 33% M | 67% F 4.6 (± 1.7) 64.8 (± 9.4) 

Control 9 33% M | 67% F N/A 64.8 (± 9.4) 
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Group 
Number of 

samples 
Age ± SD 

Percentages 

males/females 

Symptom duration [Y] 

before diagnosis ± SD 

Control 50 63.9 (± 7.1) 54% M | 46% F 
 

iRBD 20 66.9 (± 8.6) 55% M | 45% F 5.4 (± 4.1) 

De novo PD 101 67.1 (± 10.6) 50% M | 50% F 2.3 (± 3.2) 

OND 40 70.3 (± 8.8) 72% M | 28% F 2.2 (± 2.0) 
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  Age and sex corrected data 
 

Non-corrected data 

 
FDR adjusted p-value 

 
FDR adjusted p-value 

 Control vs 

DNP 

Control vs 

iRBD 

Control vs 

OND 

 Control vs 

DNP 

Control vs 

iRBD 

Control vs 

OND 

GRN **** *** ** 
 

**** *** ** 

DKK3 **** NS NS 
 

**** NS NS 

SERPINF2 **** * NS 
 

**** * NS 

C3 **** * NS 
 

**** * NS 

HPX **** NS NS 
 

**** NS * 

PPP3CB **** NS NS 
 

**** NS NS 

SERPINA3 **** * NS 
 

**** * NS 

SERPING1 **** NS NS 
 

**** NS NS 

E-selectin (SELE) **** NS NS 
 

**** NS NS 

HSPA5 **** NS * 
 

**** NS * 

A2M **** NS NS 
 

**** NS ** 

SPP2 **** NS NS 
 

*** NS NS 

HSPA1L *** NS * 
 

*** NS NS 

ADIPOQ *** NS NS 
 

*** NS NS 

TUBA4A *** NS * 
 

** NS NS 

PGK1 ** NS * 
 

** NS NS 

PTGDS ** NS NS 
 

*** NS ** 

MASP2 * **** NS 
 

* **** NS 

PLD3 * NS * 
 

* NS ** 

FGA NS NS NS 
 

NS NS NS 

CST3 NS NS ** 
 

** NS **** 

VCAM1 NS NS NS 
 

* NS ** 

PRG4 NS NS NS 
 

NS NS NS 

ITIH2 NS NS NS 
 

NS NS NS 

SAA1 NS NS NS 
 

NS NS NS 

FABP5 NS NS NS 
 

NS NS NS 

APOE NS NS NS 
 

NS NS NS 

ICAM1 NS NS NS 
 

NS NS NS 

LMO7 NS NS NS 
 

NS NS NS 

BCHE NS NS NS 
 

NS NS NS 

PKM NS NS NS 
 

NS NS NS 

SOD3 NS NS NS 
 

NS NS NS 
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Protein Description and reported links to Parkinson’s disease 

Progranulin 

(GRN) 

GRN was strongly downregulated in the de novo PD patients (p = 1.2E
-15

). It was moreover 

downregulated in the iRBD patients (p = 2.0E
-4

) and in the OND group (p = 5.8E
-3

). 

Progranulin is the precursor of several granulins. It is suggested to act as a neurotrophic 

factor, promoting neuronal survival. It is also suggested to modulate lysosomal function 

together with granulin although the exact mechanism is not yet fully understood. 

Pathogenic mutations in the GRN gene are known to cause frontotemporal dementia 

[256]. Loss of progranulin has been linked to increased production of pro-inflammatory 

species such as TNF and IL6 in microglia. Moreover, a mouse study showed that Grn
-/-

 

mice had elevated levels of complement proteins, including C3, before neurodegeneration 

onset [257]. A study of GRN in neurodegenerative disease found it significantly 

downregulated in PD patients [258].  

Dickkopf 3 

(DKK3) 

DKK3 was strongly downregulated in the de novo PD patients (p = 5.5E
-10

). DKK3 is a 

glycoprotein belonging to the Dickkopf family, the majority of which are antagonists of the 

Wnt signalling pathway, although DKK3 is a modulator rather than an antagonist. DKK3 

has been seen downregulated in many cancer studies and was recently proposed to have 

a neuroprotective role [248]. It has been related to Alzheimer’s disease in several studies 

and furthermore proposed to positively correlate with increased age [249]. Interestingly, a 

mouse study found that DKK3 may protect dopaminergic neurons and proposed that DKK3 

has potential as a pharmacological target for treatment of neurodegeneration [259]. 

Another study of mice and pluripotent stem cells showed that DKK3 is necessary for correct 

differentiation and survival of dopaminergic neurons [260].  

Protein 

Phosphatase 3 

Catalytic Subunit 

Beta (PPP3CB)  

PPP3CB, also known as calcineurin A2, was strongly downregulated in the de novo PD 

patients (p = 1.7E
-9

). It makes part of the calcineurin complex and is also component of 

the Wnt/Ca
2+

 pathway [261, 262]. PPP3CB was identified as a risk gene for AD in 

microarray studies in the early 2000s [263]. Calcineurin has been proposed to increase in 

response to accumulation of alpha-synuclein and to trigger both protective and toxic 

responses to maintain neuronal Ca
2+

 homeostasis [264]. 

Complement 3 

(C3) 

C3 was upregulated in the de novo PD patients (p = 1.7E
-9

) and in the iRBD patients (p = 

3.1E
-2

). C3 is a central protein in the complement cascade, it is formed regardless of the 

initiating pathway branch. Complement activation has been linked to neurodegeneration 

in several studies. 

Mannan binding 

serine peptidase 

2 (MASP2)  

MASP2 was downregulated in the de novo PD patients (p = 1.9E
-2

) and in the iRBD patients 

(p = 1.4E
-5

). MASP2 is an initiator of the lectin part of the complement cascade where it 

recognises certain sugar moieties on pathogens. MASP2 is moreover involved in the 

coagulation cascade, able to cleave prothrombin to thrombin.  

Alpha-1-

antichymotrypsin 

(SERPINA3)  

SERPINA3 was upregulated in the de novo PD patients (p = 4.5E
-9

) and in the iRBD patients 

(p = 3.3E
-2

). SERPINA3’s major target is cathepsin G although it can also inhibit other 

serine proteases. SERPINA3 has been associated with AD and proposed to mediate 

amyloid-beta clearance [265]. SERPINA3 was also found upregulated in studies of prion 

diseases and progressive MS [266, 267]. 

Alpha-2-

antiplasmin 

(SERPINF2)  

SERPINF2 was upregulated in the de novo PD patients (p = 1.7E
-9

) and in the iRBD patients 

(3.1E
-2

). SERPINF2 is a major regulator of the clotting pathway where it acts as an inhibitor 

of plasmin. SERPINF2 was upregulated in a recent proteomics study of platelet activation 

in AD patients [268]. Moreover, plasmin has been reported to cleave and degrade 

extracellular and aggregated alpha-synuclein [269]. 

Plasma protease 

C1 inhibitor 

(SERPING1)  

SERPING1 was upregulated in the de novo PD patients (p = 7.6E
-8

). SERPING1 is a 

modulator of the complement cascade where it inhibits C1r and C1s in the classical 

pathway and MASP1 and MASP2 in the lectin pathway. A recent study of medically PD 

induced mice demonstrated that there was an association between increased levels of 

SERPING1 and dopaminergic cell death in the substantia nigra [270]. 



Protein Description and reported links to Parkinson’s disease 

Hemopexin (HPX)  HPX was upregulated in the de novo PD patients (p = 1.7E
-9

). HPX is a glycoprotein with 

extraordinary binding affinity for heme, transporting it from the plasma to the liver [271] 

preventing the oxidative reactions of heme. Hemopexin is traditionally known as an anti-

inflammatory protein, however, a study from 2017 described that nitration can occur on 

the second tyrosine (Tyr199) of the peptide YYCFQGNQFLR, thereby reducing its heme-

binding capability [272]. This is the same peptide sequence as was used to identify 

Hemopexin in this experiment and it could be theorised that this is related to the observation 

of elevated levels of Hemopexin in the disease groups. Additionally, a recent study found 

that the neurotoxicity of haemoglobin increased with increased levels of hemopexin in 

absence of haptoglobin [273]. 

Alpha-2-

macroglobulin 

(A2M).  

A2M was upregulated in the de novo PD patients (p = 5.7E
-5

). A2M is a protease inhibitor 

and a cytokine transporter. It is associated with AD where it contributes to the degradation 

of A-beta. A transcriptomics study found the gene significantly upregulated in PD patients 

[274]. 

E-selectin (SELE)  SELE was downregulated in the de novo PD patients (p = 1.7E
-6

). SELE is an endothelial 

cell adhesion molecule and plays a role in the interaction between leukocytes and the 

endothelium. E-selectin is expressed by cytokines on inflamed endothelium surfaces [275]. 

It plays an important role in the recruitment of compounds to sites of inflammation [276]. 

Endoplasmic 

reticulum 

chaperone BiP 

(HSPA5)  

HSPA5 was upregulated in the de novo PD patients (p = 2.1E
-6

) and in the OND group (p 

= 1.8E
-2

). HSPA5 a key regulator in protein folding and the degradation of misfolded 

proteins [277]. Several neurodegenerative diseases exhibit protein misfolding as part of 

the pathology, PD among them. When proteins fold incorrectly and/or aggregate, HSPA5 

activates the unfolded protein response to alleviate endoplasmic reticulum stress [278]. 

Heat shock 70 

kDa protein 1-like 

(HSPA1L)  

HSPA1L was upregulated in the de novo patients (p = 1.2E
-4

) and in the OND group (p 

= 1.8E
-2

). It is a heat shock protein involved in the quality control system of the cell. Among 

its functions are folding and transport of newly synthesised polypeptides and re-folding or 

destruction of misfolded proteins [279, 280]. In a publication from 2005, overexpression 

of HSPA1L was suggested to reduce neurodegenerative symptoms in Parkinson’s disease, 

Huntington’s chorea and spinocerebellar ataxia [281].  

Secreted 

phosphoprotein 2 

(SPP2)  

SPP2 was upregulated in the de novo PD patients (p = 8.8E
-5

). SPP2 is associated with 

Gerstmann-Straussler disease, a rare inherited prion disease [282]. A study of kidney 

function associated SPP2 with biomarkers of bone and mineral disease, and also found an 

inverse relationship with Wnt antagonists [283]. 

Adiponectin 

(ADIPOQ)  

ADIPOQ was upregulated in the de novo PD patients (p = 1.5E
-4

). ADIPOQ has been 

linked to longevity in several studies. Higher levels of ADIPOQ are beneficiary as it is has 

anti-inflammatory, anti-oxidising, anti-diabetic and anti-apoptopic properties [203] and 

protects against age-related diseases [170]. Calorie restriction increases ADIPOQ and 

ADIPOQ signalling further modulates the downstream AMPK and PPARα pathways [204].  

Phosphoglycerate 

kinase 1 (PGK1)  

PGK1 was upregulated in the de novo PD patients (p = 1.2E
-3

) and in the OND group (p 

= 3.7E
-2

). PGK1 is an enzyme involved in the first ATP producing step of the glycolytic 

pathway [229]. Intriguingly, PGK1 was recently proposed as a drug target to slow down 

the progression of Parkinson’s disease via the repurposing of the drug Terazosin which 

traditionally has been used to treat enlarged prostates. The drug is suggested to attenuate 

PGK1 activity and increase glycolysis thereby increasing oxidative phosphorylation, 

mitochondrial activity and ATP production and improving the parkinsonian phenotype 

[284].  

Tubulin alpha 4A 

chain (TUBA4A)  

TUBA4A was upregulated in the de novo PD patients (p = 5.3E
-4

) and in the OND group 

(p = 3.7E
-2

).  TUBA4A is a major component of microtubules - core components in the 

cytoskeleton of the cell. A number of posttranslational modifications can modulate the 

tubulins’ properties and PTMs have been reported to be especially abundant in the 

microtubules of neurons [285]. Mutations in the TUBA4A gene have been linked to 

amyotrophic lateral sclerosis and frontotemporal dementia. A case study from 2021 found 

that there may be a link between a TUBA4A mutant and selective neuronal loss in the 

substantia nigra [286].  

 



 

 

 



Discovered in Gene Significance level 

discovery (all/males only) 

Discovery 

highest in 

Significance level 

targeted study/highest 

in 

de novo PD ANXA1 ** / * de novo PD Not detected 

de novo PD GOLM1 NS / * 
de novo PD 

Not detected 

de novo PD HSPA5 NS / * 
de novo PD 

**** / de novo PD 

de novo PD NRP1 ** / * 
de novo PD 

Not detected 

de novo PD UHRF1BP1L ** / *** 
de novo PD 

Not detected 

de novo PD SERPINA3 ** / * 
de novo PD 

****/ de novo PD 

PD twins PRG4 ** Control twin NS 

PD twins DKK3 * Pre-PD twin ****/ Control 

PD twins C15orf62 * Control twin Not detected 

PD twins SPP2 * Pre-PD twin ****/ de novo PD 

PD twins BCHE * 
Control twin 

NS 

PD twins TNNT3 * 
Control twin Not detected 

PD twins CSF1R * 
Control twin Not detected 

PD twins MMP3 * 
Control twin Not detected 

PD twins PTGDS * 
Control twin 

***/ de novo PD 

PD twins ITIH2 * Pre-PD twin NS 

PD twins NCAM1 * Pre-PD twin Not detected 
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  Linear discriminant analysis Support vector machine Ridge classifier 

CV 

iteration 
Training score Test score Training score Test score Training score Test score 

# 01 1.00 1.00 1.00 1.00 0.99 0.96 

# 02 1.00 0.96 1.00 0.96 1.00 0.89 

# 03 1.00 1.00 1.00 1.00 0.98 0.96 

# 04 1.00 1.00 1.00 1.00 0.98 0.92 

# 05 1.00 1.00 1.00 1.00 0.99 0.96 

Average  

± SD 
1.00 (± 0.0) 0.99 (± 0.02) 1.00 (± 0.0) 0.99 (± 0.02) 0.99 (± 0.008) 0.94 (± 0.03) 

 

Control de novo PD 

CV #1 

CV #2 

CV #3 

CV #4 

CV #5 



• 

• 

 

• 

• 

• 



 

■ ■ 

 

 
Predicted classes OND Predicted classes iRBD 

 
Parkinson’s disease Control Parkinson’s disease Control 

Linear discriminant analysis 21 (50%) 21 (50%) 18 (100%) 0 

Support vector machine 24 (57%) 18 (43%) 18 (100%) 0 

Ridge classifier 22 (52%) 20 (48%) 18 (100%) 0 
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Group Number of samples 
Percentage 

males/females 
Age ± SD Motor disease duration ± SD 

Control 10 50% M | 50% F 69.8 (± 10.7) 
 

iPD 9 56% M | 44% F 68.3 (± 7.9) 11.7 (± 4.1) 

LRRK2 AS 6 50% M | 50% F 66.8 (± 10.2) 
 

LRRK2 S 6 50% M | 50% F 65.7 (± 7.7) 19.0 (± 7.6) 
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Pathway Pathway description 

LXR/RXR and FXR/RXR 

activation  

Six proteins were included in the LXR/RXR pathway which had an enrichment p-value of 

1.7E
-5

. The z-score was 1.6, thereby weakly suggesting upregulation of the pathway. 

Six proteins were found in the FXR/RXR pathway, demonstrating an enrichment p-value 

of 2E
-5

.  The LXR/RXR and FXR/RXR Activation pathways are involved in lipid 

metabolism, inflammation, and the catabolic conversion of cholesterol to bile acids. 

FXR plays an important role in the homeostasis of bile acids, lipoproteins, and lipids 

[157].  

14-3-3-mediated 

Signalling  

Five proteins overlapped with the 14-3-3-mediated signalling pathway, which 

demonstrated an enrichment p-value of 3.0E
-4

. 14-3-3 mediated signalling proteins 

are proposed to provide neuroprotective functions by inhibiting apoptopic processes 

and have been associated to Parkinson’s disease where they are suggested to interact 

with alpha synuclein and LRRK2 [320]. 

 
 



Pathway Pathway description 

Apoptosis Signalling Four proteins were included in the apoptosis signalling pathway with an enrichment p-

value of 6.9E
-4

 and a z-score of 2.0, thus indicating upregulation. The apoptosis 

signalling pathway is initiated by caspases (intrinsic or extrinsic) and trigger a cascade 

of events ultimately leading to programmed cell death. 

Axonal Guidance 

Signalling 

Eight proteins were identified in the axonal guidance signalling pathway, the 

enrichment p-value was 8.7E
-4

.The pathway describes the process of guiding axons 

extended by neurons to form functional neural circuits [321]. 

Acute Phase 

Response Signalling 

Five proteins overlapped with the acute phase response signalling pathway which had 

an enrichment p-value of 8E
-4

 and a z-score of 2.2, thereby indicating upregulation of 

the pathway. The acute phase response is a rapid inflammatory response to protect 

against microorganisms. It can also be triggered by tissue damage. Causes an increase 

of inflammatory agents such as cytokines. 

Sirtuin Signalling 

Pathway 

Six proteins were found in the sirtuin signalling pathway. The enrichment p-value was 

1.7E
-3

 and the z-score was -1.6, weakly suggesting downregulation of the pathway. 

Sirtuin signalling has been proposed to increase longevity by delaying cellular 

senescence [322]. 

Parkinson's Signalling Two proteins were identified in the Parkinson’s signalling pathway, MAPK12 and CYCS. 

The enrichment p-value was 2.3E
-3

. This pathway describes the known molecular 

processes occurring in PD, including accumulation of alpha-synuclein, formation of 

Lewy bodies and loss of dopaminergic neurons. 

Coagulation System Two proteins overlapped with the coagulation pathway; the enrichment p-value was 

1.1E
-2

. The coagulation pathway consists of a series of events cascading into the 

formation of blood clots in response to injury. The coagulation system contains a 

number of proteins to regulate the formation and dissolving of clots. 

Complement System Two proteins were included in the complement system pathway, the enrichment p-value 

was 1.1E
-2

. The complement pathway describes a cascade of events that can be 

initiated via three different branches. The complement system can lyse foreign cells, 

activate inflammation, mediate antibody response, and clear immune complexes and 

apoptotic cells. 

nNOS Signalling in 

Neurons 

Two proteins overlapped with the nNOS signalling in neurons pathway, which had an 

enrichment p-value of 1.8E
-2

. This pathway is associated with neuronal apoptosis [323].

  

Amyloid Processing Two proteins were identified in the amyloid processing pathway, MAPK12 and CYCS, 

the same proteins identified in the Parkinson’s signalling pathway. The enrichment p-

value was 2.1E
-2

. The amyloid signalling pathway describes the processes occurring 

upon accumulation of beta-amyloid including oxidative stress, membrane damage and 

neuronal death. 

Huntington's Disease 

Signalling 

Four proteins were found in the Huntington’s disease signalling pathway, EGF, HSPA8, 

CYCS and CAPN2. The enrichment p-value was 2.5E
-2

. The pathway describes the 

known molecular processes occurring with Huntington’s disease, an autosomal, 

dominant neurodegenerative disorder. 

PCP pathway Two proteins were included in the PCP pathway, the enrichment p-value was 3.0E
-2

. 

The planar cell polarity pathway is one of three known Wnt signalling pathways. The 

Wnt signalling pathways may have the potential of restoring dopaminergic neurons’ 

function and it has been the focus of a number of studies in recent years [311]. 

Chemokine 

Signalling 

Two proteins were found in the chemokine signalling pathway. The enrichment p-value 

was 3.7E
-2

. Chemokines are part of the proinflammatory family of cytokines. This 

pathway involves the recruitment of molecules to alleviate pathological processes [324] 

Mitochondrial 

Dysfunction 

Three proteins were identified in the mitochondrial dysfunction pathway with an 

enrichment p-value of 3.8E
-2

. Mitochondria are large consumers of oxygen in the cell. 

Through different redox processes, oxygen is transformed to radical superoxide. To 

avoid ROS damage to other cellular compartments, an efficient antioxidant system is 

also in place. Mitochondrial dysfunction describes the state where the amount of ROS 

is too great for the antioxidant system to handle. Mitochondrial dysfunction is a trait of, 

among others, neurodegenerative diseases and diabetes. 

Neuroinflammation 

Signalling Pathway 

Four proteins overlapped with the neuroinflammation signalling pathway, the 

enrichment p-value was 4.7E
-2

. This pathway includes the functions aimed at restoring 

homeostasis in the central nervous system. While initiated as a protective response to 

clear harmful agents and injured tissue, neuroinflammation can cause detrimental 

damage if uncontrolled. It is associated with a number of neurodegenerative disorders, 

including PD. 



 

 



 

 

Group Number of 

samples 

Age ± SD Percentages 

males/females 

Symptom duration [Y] 

before diagnosis ± SD 

Control 50 63.9 (± 7.1) 54% M | 46% F 
 

iRBD 20 66.9 (± 8.6) 55% M | 45% F 5.4 (± 4.1) 

De novo PD 101 67.1 (± 10.6) 50% M | 50% F 2.3 (± 3.2) 

OND 40 70.3 (± 8.8) 72% M | 28% F 2.2 (± 2.0) 
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Protein (gene) 
De novo PD 

vs control 

iRBD vs 

control 

OND vs 

control 

Intercellular adhesion molecule 1 (ICAM1) *** NS NS 

C-C motif chemokine 4 (CCL4) *** NS NS 

Troponin T3, fast skeletal type (TNNT3) ** NS ** 

Secreted Phosphoprotein 2 (SPP2) ** * ** 

Collagen alpha-3(VI) chain (COL6A3) ** NS NS 

Neurofilament medium polypeptide (NEFM) ** NS * 

Polyubiquitin-C (UBC) ** ** * 

Phosphoglycerate mutase 1 (PGAM1) ** NS NS 

Alpha-2-antiplasmin (SERPINF2) ** NS *** 

Calpain-2 catalytic subunit (CAPN2) ** NS ** 

Fibroblast growth factor 21 (FGF21) ** NS NS 

Neural cell adhesion molecule 1 (NCAM1) ** NS NS 

N-myc downstream regulated 1 (NDRG1) ** NS * 

Matrix metallopeptidase 3 (MMP3) ** NS NS 

Mitogen-activated protein kinase 12 (MAPK12) ** NS ** 

C-C motif chemokine 2 (CCL2) * ** * 

Heat shock protein HSP 90-beta (HSP90AB1) * NS NS 

Serine/threonine-protein phosphatase 2B catalytic subunit (PPP3CB) * NS NS 

Cholinesterase (BCHE) * NS NS 

Interleukin-5 (IL5) * NS NS 

Alpha-1-antichymotrypsin (SERPINA3) * NS NS 

Dickkopf WNT signaling pathway inhibitor 3 (DKK3) * NS NS 

Heat shock 70 kDa protein 1-like (HSPA1L) NS NS * 

Plasma protease C1 inhibitor (SERPING1) NS NS NS 

Cystatin-C (CST3) NS NS ** 

C-C motif chemokine 17 (CCL17) NS NS NS 

Heat shock cognate 71 kDa protein (HSPA8) NS NS NS 

Interleukin-1 beta (IL1B) NS NS NS 

Angiopoietin-1 receptor (TEK) NS NS NS 

NACHT, LRR and PYD domains-containing protein 3 (NLRP3) NS NS NS 

Amyloid-beta precursor protein (APP) NS ** NS 

L-xylulose reductase (DCXR) NS NS NS 

Erythropoietin (EPO) NS NS NS 

Thioredoxin (TXN) NS NS NS 

Inter-alpha-trypsin inhibitor heavy chain 2 (ITIH2) NS NS NS 

Annexin A2 (ANXA2) NS NS NS 

Tubulin alpha-4A chain (TUBA4A) NS NS NS 

Hemopexin (HPX) NS NS NS 

Alpha-2-macroglobulin (A2M) NS NS NS 

Apolipoprotein E (APOE) NS NS NS 

60 kDa heat shock protein, mitochondrial (HSPD1) NS NS NS 

Collagen alpha-2(IV) chain (COL4A2) NS NS NS 

Prostaglandin-H2 D-isomerase (PTGDS) NS NS NS 

Pyruvate kinase M (PKM) NS NS NS 

Phospholipase D Family Member 3 (PLD3) NS NS NS 

Alpha-1-antitrypsin (SERPINA1) NS NS NS 

Extracellular superoxide dismutase [Cu-Zn] (SOD3) NS NS NS 

Fatty acid binding protein 5 (FABP5) NS NS NS 

Bifunctional purine biosynthesis protein PURH (ATIC) NS NS NS 

Phosphoglycerate kinase 1 (PGK1) NS NS NS 

Toll-interacting protein (TOLLIP) NS NS NS 

Endoplasmic reticulum chaperone BiP (HSPA5) NS NS NS 

Cytochrome C (CYCS) NS NS NS 

Urokinase-type plasminogen activator (PLAU) NS NS NS 

Mannan binding lectin serine peptidase 2 (MASP2) NS NS NS 



Protein (gene) 
De novo PD 

vs control 

iRBD vs 

control 

OND vs 

control 

Fibrinogen alpha chain (FGA) NS NS NS 

Complement C3 (C3) NS NS NS 

Vascular cell adhesion protein 1 (VCAM1) NS NS NS 

Moesin (MSN) NS NS NS 
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↑

↓ ↔

 Discovery study - iPD vs control Targeted study - DNP vs control Confirmed? 

 Significance level Expression in iPD 
Significance 

level 

Expression in de novo 

PD 
 

TUBA4A * iPD (↓) NS DNP (↔)  

MAPK12 ** iPD (↑) ** DNP (↑) + OND (↑) Y 

APOE * iPD (↑) NS DNP (↔)  

FGA * iPD (↑) NS DNP (↔)  

HSPA8 ** iPD (↓) NS DNP (↔)  

PPP3CB * iPD (↑) * DNP (↑) Y 

PLAU * iPD (↑) NS DNP (↔)  

COL4A2 * iPD (↓) NS DNP (↔)  

THY1 * iPD (↑)  Not detected  

CYCS * iPD (↑) NS DNP (↔)  

CTHRC1 * iPD (↓)  Not detected  

ATIC * iPD (↑) NS DNP (↔)  

CAPN2 * iPD (↑) ** DNP (↑) + OND (↑) Y 

DKK3 * iPD (↑) * DNP (↓) Y‡ 

EFNA5 * iPD (↓)  Not detected  

ENDOU ** iPD (↓)  Not detected  

HBE1 * iPD (↓)  Not detected  

MASP2 ** iPD (↑) NS DNP (↔)  

MUC5B * iPD (↑)  Not detected  

NDRG1 * iPD (↓) ** DNP (↓) + OND (↓) Y 

SOD3 ** iPD (↑) NS DNP (↔)  

TOLLIP * iPD (↑) NS DNP (↔)  

 



 

 

Protein Description and reported link to Parkinson’s disease 

Intercellular 

adhesion molecule 

1 (ICAM1) 

ICAM was downregulated in the de novo PD patients (p = 9.1E
-4

). ICAM1 is generally 

expressed on endothelial cells and is involved in inflammatory processes [331]. It has 

been proposed to play a role in the neuroinflammation associated with Parkinson’s 

disease in a number of studies. One study suggests that ICAM1 interacts with T cells in 

the brain and modulates PD pathology [332]. ICAM1 has also been suggested to 

indicate astrocyte mediated inflammation in the brain, as proposed by a study of 

medically induced PD in monkeys, where ICAM1 was found upregulated in the substantia 

nigra [333]. 

C-C motif 

chemokine 4 

(CCL4) 

CCL4 was downregulated in the de novo PD patients (p = 9.2E
-4

). CCL4 is a monokine 

involved in inflammation [334]. It has been suggested to be involved in 

neuroinflammation and a study of mice found the protein correlated with the age-related 

progression of amyloid-beta levels in the brain in a mouse study of Alzheimer’s disease 

[335]. 

Troponin T3, fast 

skeletal type 

(TNNT3) 

TNNT3 was upregulated in the de novo PD patients (p = 1.1E
-3

) and in the OND group 

(3.4E-3).  TNNT3 is involved in muscle contraction, where a process of binding Ca
2+

 

and interaction with actin filaments leads to a muscle contraction [336]. No previously 

reported associations with PD or neurodegeneration could be found. 

Secreted 

Phosphoprotein 2 

(SPP2)  

SPP2 was upregulated in the de novo PD patients (p = 1.1E
-3

), iRBD (p = 4.3E
-2

) and in 

the OND group (p = 6.1E
-3

). SPP2 is part of the cystatin superfamily, a large group of 

proteins with a wide range of functions [337, 338]. As reported in Chapter 5, SPP2 is 

associated with Gerstmann-Straussler disease, a rare inherited prion disease [282] and 

a study of kidney function associated SPP2 with biomarkers of bone and mineral disease, 

and also found an inverse relationship with Wnt antagonists [283]. 

Collagen alpha-

3(VI) chain 

(COL6A3) 

COL6A3 was upregulated in the de novo PD patients (p = 1.1E
-3

). COL6A3 is found in 

most connecting tissues and binds to extracellular matrix proteins where it organises 

matrix components [339]. Mutations in COL6A3 have been implicated in muscular 

dystrophy [340]. A recently published genomic study of PD found that variants in the 

gene may increase the risk of developing PD [341].  

Neurofilament 

medium 

polypeptide (NEFM)

  

NEFM was upregulated in the de novo PD patients (p = 1.1E
-3

) and in the OND group 

(p = 1.9E
-2

). NEFM makes up part of the axoskeleton and is involved in axonal 

maintenance [342]. NEFM is associated with a number of neurodegenerative conditions 

[343]. Mutations in the gene are additionally associated with familial PD [344]. It is used 

as a marker of neuronal damage. 

Polyubiquitin-C 

(UBC)  

UBC was downregulated in the de novo PD patients (p = 1.1E
-3

), the OND group (p = 

1.9E
-2

) and in the iRBD patients (p = 1.7E
-3

). UBC can be found in bound or free form; 

the bound form is involved in protein degradation, usually conjugated to lysine residues 

of target proteins whereas the free form can activate protein kinases [345]. UBC is 

involved in the ubiquitin-proteasome pathway and it has been suggested that alpha-

synuclein is tagged by the ubiquitin system for degradation [346]. 



Protein Description and reported link to Parkinson’s disease 

Phosphoglycerate 

mutase 1 (PGAM1)

  

PGAM1 was downregulated in the de novo PD patients (p = 1.2E
-3

). PGAM1 is involved 

in glycolysis, where it catalyses the reversible transformation of 3-phosphoglycerate to 2-

phosphoglycerate [347]. A study of ischemic damage in rabbits suggested that PGAM1 

increases brain ATP and that the protein may reduce microglial activation and oxidative 

stress [348]. 

Alpha-2-

antiplasmin 

(SERPINF2)

  

SERPINF2 was downregulated in the de novo PD patients (p = 1.3E
-3

) and in the OND 

group (p = 1.7E
-4

). As reported in Chapter 5, SERPINF2 is a major regulator of the 

clotting pathway where it acts as an inhibitor of plasmin. SERPINF2 was found 

upregulated in a recent proteomics study of platelet activation in AD patients [268]. 

Moreover, plasmin has been reported to cleave and degrade extracellular and 

aggregated alpha-synuclein [269]. 

Calpain-2 (CAPN2) CAPN2 was upregulated in the de novo PD patients (p = 2.4E
-3

) and in the OND group 

(8.8E
-3

). CAPN2 is a calcium activated cysteine protease [349]. Calpain has been 

implicated in the pathogenesis of several neurodegenerative diseases. Calpain activity 

has been reported to be upregulated in AD as a consequence of malfunctioning Ca
2+

 

homeostasis, leading to neurotoxicity and neuronal death [350]. In a study of medically 

PD-induced mice, calpain was increased in microglia, astrocytes and neurons, and 

neuronal cell death was moreover observed [351]. 

Fibroblast growth 

factor 21 (FGF21)

  

FGF21 was upregulated in the de novo PD patients (p = 2.6E
-3

). FGF21 is involved in 

a number of molecular activities and is known to be a metabolic regulator and promoter 

of cell survival processes. It is also known to increase the uptake of glucose in adipose 

tissue [352]. FGF21 has been suggested to have protective functions against 

neurodegeneration by regulating the NF-κB and AMPKα/AKT pathways thereby reducing 

oxidative stress, neuroinflammation and protecting the mitochondria in neurons [353]. 

Neural cell 

adhesion molecule 

1 (NCAM1)

  

NCAM1 was downregulated in the de novo PD patients (p = 3.5E
-3

). NCAM1 is a 

member of the immunoglobulin family. It is involved in immune surveillance and 

interactions with the extracellular matrix [354].  

N-myc downstream 

regulated 1 

(NDRG1)  

NDRG1 was downregulated in the de novo PD patients (p = 5.3E
-3

) and in the OND 

group (p = 2.0E
-2

). NDRG1 is involved in stress responses and is necessary for p53-

induced apoptosis [355]. NDRG1 is implicated in Charcot-Marie-Tooth disease, a 

hereditary motor and sensory neuropathy. Mutations in the gene are known to lead to 

demyelination [356]. A computational study of PD risk genes and transcription factors 

identified NDRG1 as a hit [357]. 

Matrix 

metallopeptidase 3 

(MMP3)  

MMP3 was upregulated in the de novo PD patients (p = 5.3E
-3

). MMP3 is involved in 

breaking down molecules from the extracellular matrix and bioactive compounds [358]. 

It has been implicated in neurodegenerative disease, activating microglia [245]. MMP3 

is also suggested to contribute to dopaminergic neuronal death mediated through 

oxidative stress and to have the capability of disrupting the blood-brain barrier under 

certain conditions [246, 247]. 

Mitogen-activated 

protein kinase 12 

(MAPK12)  

MAPK12 was upregulated in the de novo PD patients (p = 9.0E
-3

) and in the OND group 

(p = 8.4E
-3

). MAPK12 is involved in the MAP kinase signal transduction pathway and the 

transduction of extracellular signals [359]. MAPK signalling has been suggested to play 

a role in the pathological processes of PD, including neuroinflammation, oxidative stress 

and neuronal death [360].  

C-C motif 

chemokine 2 

(CCL2) 

CCL2 was upregulated in all the disease groups (de novo PD p = 2.4E
-2

, iRBD p = 1.7E
-

3
, OND p = 1.9E

-2
). CCL2 is a chemokine involved in immune regulation and 

inflammatory processes which bring upon a strong response and mobilise intracellular 

Ca
2+

 [361]. CCL2 has been suggested to contribute to the neuroinflammation observed 

in PD and to be involved in mediating neurodegeneration [362]. Variants in the gene 

have been associated with PD [363]. 

Heat shock protein 

HSP 90-beta 

(HSP90AB1)

  

HSP90AB1 was downregulated in the de novo PD patients (p = 2.4E
-2

). HSP90AB1 is a 

member of the HSP 90 family, proteins involved in protein folding, degradation and 

signal transduction [364]. A cell study of PD found HSP90AB1 upregulated after 

poisoning the cells with MPP
+
 [365]. HSP90 has been identified as a chaperone to alpha-

synuclein and suggested to modulate its assembly [366, 367]. 

Serine/threonine-

protein 

phosphatase 2B 

catalytic subunit 

(PPP3CB)  

PPP3CB was upregulated in the de novo PD patients (p = 3.0E
-2

). As reported in Chapter 

5, PPP3CB makes part of the calcineurin complex and is also component of the 

Wnt/Ca
2+

 pathway [261, 262]. PPP3CB was identified as a risk gene for AD in 

microarray studies in the early 2000s [263]. Calcineurin has been proposed to increase 

in response to accumulation of alpha-synuclein and to trigger both protective and toxic 

responses to maintain neuronal Ca
2+

 homeostasis [264]. 

Cholinesterase 

(BCHE)  

BCHE was upregulated in the de novo PD patients (p = 3.6E
-2

). BCHE is an esterase 

involved in the detoxification of a number of compounds [194]. High levels of BCHE are 



Protein Description and reported link to Parkinson’s disease 

linked to lower risk of mortality [172] and low levels are associated with cardiovascular 

risk, mortality and systemic low-grade inflammation [195]. BCHE activity was found 

decreased in a study of serum from PD patients [368]. 

Interleukin-5 (IL5)

  

IL5 was upregulated in the de novo PD patients (p = 4.3E
-2

). IL5 is a cytokine involved 

in mediating immune response and can differentiate B-cells to immunoglobulin secreting 

cells [369]. It has been reported that the neuroinflammation in PD causes an increased 

release of inflammatory mediators, including IL5 [370]. 

Alpha-1-

antichymotrypsin 

(SERPINA3)

  

SERPINA3 was downregulated in the de novo PD patients (p = 4.4E
-2

). As reported in 

Chapter 5, SERPINA3’s major target is cathepsin G although it can also inhibit other 

serine proteases. SERPINA3 has been associated with AD and proposed to mediate 

amyloid-beta clearance [265]. SERPINA3 was found upregulated in studies of prion 

diseases and progressive MS [266, 267]. 

Dickkopf 3 (DKK3)

  

DKK3 was downregulated in the de novo PD patients (p = 4.4E
-2

). As reported in Chapter 

5, DKK3 is a glycoprotein belonging to the Dickkopf family, the majority of which are 

antagonists of the Wnt signalling pathway, although DKK3 is a modulator rather than an 

antagonist. DKK3 has been seen downregulated in many cancer studies and was recently 

proposed to have a neuroprotective role [248]. It has been related to Alzheimer’s disease 

in several studies and furthermore proposed to positively correlate with increased age 

[249]. Interestingly, a mouse study found that DKK3 may protect dopaminergic neurons 

and proposed that DKK3 has potential as a pharmacological target for treatment of 

neurodegeneration [259]. Another study of mice and pluripotent stem cells showed that 

DKK3 is necessary for correct differentiation and survival of dopaminergic neurons [260].  

Heat shock 70 kDa 

protein 1-like 

(HSPA1L)  

HSPA1L was downregulated in the de novo PD patients (p = 5.0E
-2

) and in the OND 

group (p = 1.7E
-2

). As reported in Chapter 5. HSPA1L is a heat shock protein involved 

in the quality control system of the cell. Among its functions are folding and transport of 

newly synthesised polypeptides and re-folding or destruction of misfolded proteins [279, 

280]. In a publication from 2005, overexpression of HSPA1L was suggested to reduce 

neurodegenerative symptoms in Parkinson’s disease, Huntington’s chorea and 

spinocerebellar ataxia [281]. May be involved in translocation of PRKN [371]. 

 

 

■ ■



 

 



 



 

 

 

0
.
7
2

0
.
7
1

0
.
7
1

0
.
6
9

0
.
6
9

0
.
6
7

0
.
6
5

0
.
6
4

0
.
6
4

0
.
6
3

0
.
6
3

0
.
6
2

0
.
6
2

0
.
6
1

0
.
6
0

0
.
6
0

0
.
6
1

0
.
6
3

0
.
6
7

0
.
6
9

0
.
7
0

0
.
7
1

0
.
7
1

0
.
7
2

0
.
7
4

0
.
7
6

0
.
7
6

0
.
7
7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

P
G

A
M

1

IC
A

M
1

C
C

L
4

S
E
R
P
IN

F
2

U
B
C

N
C

A
M

1

H
S
P
9
0

A
B
1

D
K

K
3

C
S
T
3

N
D

R
G

1

H
S
P
A

1
L

S
E
R
P
IN

G
1

A
N

X
A

2

S
E
R
P
IN

A
3

N
L
R
P
3

IT
IH

2

IL
5

B
C

H
E

P
P
P
3
C

B

C
A

P
N

2

M
A

P
K
1

2

C
C

L
2

C
O

6
A

3

S
P
P
2

M
M

P
3

F
G

F
2

1

T
N

N
T
3

N
E
F
M

A
r
e
a
 
u
n
d
e
r
 
th

e
 
R
O

C
 
c
u
r
v
e



 

■ ■

 

 
Linear discriminant analysis Support vector machine Ridge classifier 

CV iteration Training score Test score Training score Test score Training score Test score 

# 01 0.87 0.73 0.93 0.73 1.00 0.83 

# 02 0.87 0.87 0.97 0.80 0.99 0.90 

# 03 0.85 0.90 0.90 0.77 1.00 0.87 

# 04 0.87 0.86 0.92 0.93 0.99 0.86 

# 05 0.88 0.82 0.96 0.57 1.00 0.75 

Average ± SD 
0.87  

(± 0.01) 

0.84  

(± 0.06) 

0.94  

(± 0.03) 

0.76  

(± 0.13) 

1.00  

(± 0.005) 

0.84  

(± 0.06) 

 

Control de novo PD 

CV #1 

CV #2 

CV #3 

CV #4 

CV #5 
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Unique in plasma  Common between plasma and urine  Unique in urine 

SAA1 (13532)  FABP5 (15164) BCHE (68418)  CCL4 (10212) PLAU (48507) 

ADIPOQ (26414)  CST3 (15799) HSPA1L (70375)  CCL17 (10507) MMP3 (53977) 

GRN (63544)  PTGDS (21029) HSPA5 (72333)  CCL2 (11025) HSPD1 (61055) 

SELE (66655)  SPP2 (24338) MASP2 (75702)  TXN (11737) ATIC (64616) 

PRG4 (151061)  SOD3 (25851) VCAM1 (81276)  CYCS (11749) MSN (67820) 

LMO7 (192696)  APOE (36154) FGA (94973)  IL5 (15238) HSPA8 (70898) 

  DKK3 (38390) ITIH2 (106463)  EPO (21307) UBC (77039) 

  PGK1 (44615) A2M (163291)  FGF21 (22300) CAPN2 (79995) 



Unique in plasma  Common between plasma and urine  Unique in urine 

  SERPINA3 (47651) C3 (187148)  DCXR (25913) HSP90AB1 (83264) 

  TUBA4A (49924)   PGAM1 (28804) APP (86943) 

  HPX (51676)   TOLLIP (30282) NCAM1 (94574) 

  SERPINF2 (54566)   IL1B (30748) NEFM (102472) 

  PLD3 (54705)   TNNT3 (31825) NLRP3 (118173) 

  SERPING1 (55154)   ANXA2 (38604) TEK (125830) 

  ICAM1 (57825)   MAPK12 (41940) COL4A2 (167553) 

  PKM (57937)   NDRG1 (42835) COL6A3 (343669) 

  PPP3CB (59024)   SERPINA1 (46737) 
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Control from centenarian study 

Offspring from centenarian study 

Control from de novo PD study 

iRBD patient from de novo PD study 

PD patient from de novo PD study 

Other neurological disorder from de novo PD study 

Centenarian from centenarian study 
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↑ ↓

Discovery study Top enriched pathways Proteins selected for targeted 

analysis 

Newly diagnosed, treatment-

naïve PD patients and healthy 

controls (plasma) 

Complement system , acute phase 

response signalling , glucocorticoid 

receptor signalling , ER stress pathway , 

superoxide radicals degradation  

ANXA1, GOLM1, HSPA5, NRP1, 

UHRF1BP1L, SERPINA3, PRG4, 

DKK3, C15orf62, SPP2, BCHE, 

TNNT3, CSF1R, MMP3, PTGDS, 

ITIH2 and NCAM1 

Homozygous twin pairs, 

discordant for developing PD 

4.6 ± 1.7 years from the time 

of sampling (serum) 

Rheumatoid arthritis , bladder cancer 

signalling , Wnt/ß-catenin signalling , 

prostanoid biosynthesis , osteoarthritis 

pathway  

Idiopathic PD patients, 

symptomatic and asymptomatic 

LRRK2 mutation carriers, and 

healthy controls (urine) 

LXR/RXR activation (↑*), FXR/RXR 

activation , 14-3-3-mediated 

signalling , apoptosis signalling (↑), 

axonal guidance signalling  

RAGNAP1, TUBA4A, MAPK12, 

APOE, FGA, HSPA8, PPP3CB, 

PLAU, COL4A, THY1, CYCS, 

CTHRC1, ATIC, CAPN2, DKK3, 

EFNA5, ENDOU, HBE1, MASP2, 

MUC5B, NDRG1, SOD3 and 

TOLLIP 

Cognitively healthy 

centenarians and healthy 

controls (plasma) 

Acute phase response signalling (↑*), 

LXR/RXR activation (↑), complement 

system (↑*), FXR/RXR activation , 

coagulation system (↓*) 

A2M, ADIPOQ, CST3, CTHRC1, 

FGA, HBE1, PTGDS, SOD3, 

CSF1R, DKK3, PKM, SAA1and 

SERPINA1 



↑

↓

Targeted study Top ten altered proteins Major findings 

Centenarians, 

offspring and 

control (plasma) 

PTGDS (↑), CST3 (↑), VCAM1 (↑), 

SERPINF2 (↓), BCHE (↓), ITIH2 (↓), 

PKM (↓), A2M (↑), SERPINA3 (↑) and 

PRG4 (↓) 

• Indication of increased inflammation in the 

centenarians 

• Protection against oxidative stress? 

• Reduced complement mediated 

inflammation? 

De novo PD, 

iRBD, other 

neurological 

disorders and 

control (plasma) 

GRN (↓), DKK3 (↓), C3 (↑),  

PPP3CB (↓), HPX (↑), SERPINF2 (↑), 

SERPINA3 (↑), SERPING1(↑), SELE (↓) 

and HSPA5 (↑) 

• Predictive SVM/LDA machine learning 

models classified samples as PD and control 

with 100% accuracy 

• Indication of increased inflammation in the 

PD patients 

• Suggested involvement of Wnt signalling and 

unfolded protein response 

De novo PD, 

iRBD, other 

neurological 

disorders and 

control (urine) 

ICAM1 (↑), CCL4 (↓), TNNT3 (↑), 

SPP2 (↑), COL6A3 (↑), NEFM (↑), 

UBC (↓), PGAM1(↓), SERPINF2 (↓) 

and CAPN2 (↑) 

• Predictive LDA machine learning model 

classified samples as PD and control with 

85.1% accuracy 

• Indication of increased inflammation in the 

PD patients 

• Upregulation of NEFM suggests neuronal 

damage 
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https://www.uniprot.org/uniprot/P37840
https://www.uniprot.org/uniprot/P37840


https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health


https://ki.se/en/research/the-swedish-twin-registry
https://ki.se/en/research/the-swedish-twin-registry
https://www.uniprot.org/blast/


https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis
https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis


https://www.genecards.org/cgi-bin/carddisp.pl?gene=SERPINF2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SERPINF2


β

https://www.genecards.org/cgi-bin/carddisp.pl?gene=A2M&keywords=a2m
https://www.genecards.org/cgi-bin/carddisp.pl?gene=A2M&keywords=a2m
https://www.genecards.org/cgi-bin/carddisp.pl?gene=A2M&keywords=a2m


https://www.proteinatlas.org/ENSG00000164687-FABP5/cell
https://www.proteinatlas.org/ENSG00000164687-FABP5/cell
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FABP5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FABP5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGK1&keywords=pgk1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGK1&keywords=pgk1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGK1&keywords=pgk1




https://www.genecards.org/cgi-bin/carddisp.pl?gene=HPX
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HPX
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HSPA5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HSPA5
https://www.malacards.org/card/gerstmann_straussler_disease
https://www.malacards.org/card/gerstmann_straussler_disease


β



https://www.genecards.org/cgi-bin/carddisp.pl?gene=ICAM1&keywords=icam
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ICAM1&keywords=icam
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ICAM1&keywords=icam


https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL4&keywords=ccl4
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL4&keywords=ccl4
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL4&keywords=ccl4
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TNNT3&keywords=tnnt3#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TNNT3&keywords=tnnt3#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TNNT3&keywords=tnnt3#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SPP2&keywords=spp2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SPP2&keywords=spp2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SPP2&keywords=spp2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=COL6A3&keywords=COL6A3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=COL6A3&keywords=COL6A3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=COL6A3&keywords=COL6A3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NEFM&keywords=nefm#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NEFM&keywords=nefm#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NEFM&keywords=nefm#summaries
https://www.genecards.org/cgi-bin/carddisp.pl?gene=UBC&keywords=ubc
https://www.genecards.org/cgi-bin/carddisp.pl?gene=UBC&keywords=ubc
https://www.genecards.org/cgi-bin/carddisp.pl?gene=UBC&keywords=ubc
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGAM1&keywords=pgam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGAM1&keywords=pgam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PGAM1&keywords=pgam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CAPN2&keywords=capn2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CAPN2&keywords=capn2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CAPN2&keywords=capn2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FGF21&keywords=fgf21
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FGF21&keywords=fgf21
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FGF21&keywords=fgf21
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NCAM1&keywords=ncam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NCAM1&keywords=ncam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NCAM1&keywords=ncam1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NDRG1&keywords=NDRG1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NDRG1&keywords=NDRG1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NDRG1&keywords=NDRG1


https://www.genecards.org/cgi-
bin/carddisp.pl?gene=CCL2&keyword
s=ccl2

https://www.genecards.org/cgi-

bin/carddisp.pl?gene=HSP90AB1&key
words=HSP90AB1

https://www.genecards.org/cgi-
bin/carddisp.pl?gene=IL5&keywords=i
l5

https://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP3&keywords=mmp3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP3&keywords=mmp3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP3&keywords=mmp3
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MAPK12&keywords=mapk12
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MAPK12&keywords=mapk12
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MAPK12&keywords=mapk12
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL2&keywords=ccl2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL2&keywords=ccl2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CCL2&keywords=ccl2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HSP90AB1&keywords=HSP90AB1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HSP90AB1&keywords=HSP90AB1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=HSP90AB1&keywords=HSP90AB1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=IL5&keywords=il5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=IL5&keywords=il5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=IL5&keywords=il5






 



 



Gene p-value Fold change  

PZP 1.94E-05 1.684701 

SERPINA1 6.17E-05 1.73181 

ITIH3 7.62E-05 1.708078 

CLEC3B 0.000298 -1.65156 

LRG1 0.000467 1.527141 

CTBS 0.000988 1.768556 

CD5L 0.001642 1.760714 

SERPINA4 0.001675 1.555738 

OAF 0.002554 1.586098 

CHIT1 0.002974 1.601173 

CD14 0.004617 1.542748 

DKK3 0.004811 1.558184 

UGT2B7 0.004896 1.422519 

C1RL 0.005041 1.489035 

C9 0.005087 1.5195 

CACNB3 0.005574 -1.6446 

A1BG 0.006678 1.468933 

GFAP 0.006889 1.517302 

HYI 0.007417 1.544166 

PI16 0.007772 1.450476 

C22orf15 0.007945 1.477272 

PKM 0.008547 -1.37904 

SAA1 0.009027 1.448169 

AMBP 0.009468 1.421611 

CP 0.009814 1.502154 

STX11 0.010424 -1.45947 

LMNA 0.011123 -1.4286 

CFD 0.011455 1.448416 

SERPINA3 0.011601 1.478006 

A2M 0.011729 1.431837 

ORM1 0.012515 1.390967 

NoGene_04 0.013317 -1.59076 

METTL4 0.014453 1.470671 

TGFBI 0.015632 1.439106 

AMPD3 0.015927 1.423705 

ADIPOQ 0.016633 1.511633 

B2M 0.017582 1.441804 

SPARCL1 0.018008 1.419579 

AZGP1 0.018094 1.410957 

SOD3 0.018419 1.494747 

FAM184A 0.018426 1.35335 

ITIH4 0.018635 1.368747 

APMAP 0.01868 1.407449 

HBE1 0.018863 1.429083 

C1QB 0.019699 1.43234 



Gene p-value Fold change  

TPM2 0.020764 -1.44907 

DYTN 0.021606 1.355401 

KIF7 0.023071 1.376944 

PTGDS 0.024648 1.428652 

KLKB1 0.026836 1.329518 

PPBP 0.027282 1.436044 

OLFM1 0.027748 1.364223 

DOCK10 0.027983 1.398321 

CST3 0.028926 1.423519 

GSN 0.031905 1.386684 

KNG1 0.032963 1.363328 

ORM2 0.033104 1.367543 

C7 0.033771 1.409285 

FHL5 0.034531 1.360578 

C1QC 0.03576 1.379908 

SRFBP1 0.035972 -1.54587 

ERICH6B 0.037066 1.409262 

RAB40AL 0.037917 1.374689 

S100A9 0.038328 -1.49063 

C4BPA 0.040151 1.339755 

FBLN1 0.040687 1.373487 

C6 0.042612 1.320121 

FGA 0.043262 1.398148 

PROCR 0.045712 1.298981 

CD163 0.046332 1.343045 

BTD 0.048208 1.339022 

VCL 0.048623 1.298372 

CFI 0.049081 -1.61582 

ALB 0.049706 -1.47564 

NRP1 0.049734 -1.52566 

 



 (i) All (ii)Centenarians (iii) Controls 

 

Beta coefficient p-value Beta coefficient p-value Beta coefficient p-value 

PZP 76.9 **** 12.6 NS 18.4 NS 

SERPINA1 42.3 *** 6.6 NS -8.1 NS 

ITIH3 37.7 *** 8.0 * -4.2 NS 

CLEC3B -26.1 *** -1.2 NS 2.8 NS 

LRG1 28.1 *** 6.3 ** 0.1 NS 

CTBS 38.7 ** 6.2 * -9.6 NS 

CD5L 29.4 *** 2.9 NS 9.3 NS 

SERPINA4 60.1 ** 11.7 NS 1.9 NS 

OAF 30.5 ** 0.0 NS 6.4 NS 

CHIT1 26.1 ** -2.0 NS 6.0 NS 

CD14 39.0 ** 7.6 NS -6.4 NS 

DKK3 15.3 ** -0.3 NS 2.3 NS 

UGT2B7 47.8 ** 2.3 NS 18.6 NS 

C1RL 26.8 ** 1.5 NS 0.0 NS 

C9 48.4 ** 9.6 NS 0.8 NS 

CACNB3 -8.4 ** -1.2 NS 0.7 NS 

A1BG 43.2 ** 11.5 ** -4.4 NS 

GFAP 38.5 * 0.1 NS -6.0 NS 

HYI 31.8 * 0.1 NS -17.9 NS 

PI16 47.7 ** 2.0 NS 8.1 NS 

C22orf15 87.6 *** 25.3 **** 29.6 NS 

PKM -33.2 ** -6.5 * -4.9 NS 

SAA1 38.9 ** 7.4 NS -3.6 NS 

AMBP 29.5 ** 6.6 * -0.4 NS 

CP 38.5 * 7.5 NS -3.6 NS 

STX11 -9.5 * -1.6 NS 1.3 NS 

LMNA -42.7 ** -2.5 NS -13.3 NS 

CFD 27.6 * 0.5 NS 2.6 NS 

SERPINA3 28.4 ** 5.2 * -1.6 NS 

A2M 27.6 * 1.7 NS -1.5 NS 

ORM1 22.6 ** 3.4 NS 3.5 NS 

A6NIZ1 -10.7 * -0.4 NS 1.9 NS 

METTL4 34.4 ** 8.6 * 1.3 NS 

TGFBI 43.3 * 2.5 NS 2.2 NS 

AMPD3 42.1 * 6.2 NS 2.0 NS 

ADIPOQ 16.9 ** 2.6 * 2.8 NS 

B2M 17.5 * 2.9 NS -5.0 NS 

SPARCL1 28.0 * -2.0 NS -2.0 NS 

AZGP1 31.7 ** 8.4 ** 2.2 NS 

SOD3 21.3 ** 4.5 *** 0.8 NS 

FAM184A 21.4 * 5.8 ** -0.4 NS 

ITIH4 43.5 * 13.5 ** -6.2 NS 



 (i) All (ii)Centenarians (iii) Controls 

 

Beta coefficient p-value Beta coefficient p-value Beta coefficient p-value 

APMAP 44.7 * -1.5 NS 2.9 NS 

HBE1 20.2 * 3.4 NS -2.8 NS 

C1QB 33.8 * 1.7 NS -1.4 NS 

TPM2 -10.9 * -2.5 NS 0.4 NS 

DYTN 15.1 ** 2.9 * 3.7 NS 

KIF7 30.1 * 8.0 ** -0.6 NS 

PTGDS 24.7 * 6.1 NS 1.0 NS 

KLKB1 35.0 * 8.8 ** 3.8 NS 

PPBP 11.7 * -0.8 NS -1.5 NS 

OLFM1 19.7 * 1.2 NS -0.8 NS 

DOCK10 45.8 ** 9.3 * 13.1 NS 

CST3 37.6 * 7.2 * 6.7 NS 

GSN 83.1 * 6.4 NS 9.0 NS 

KNG1 44.1 * 13.3 ** 2.0 NS 

ORM2 22.0 * 5.3 ** 2.3 NS 

C7 36.5 NS -3.0 NS -2.9 NS 

FHL5 22.0 * 1.4 NS 1.7 NS 

C1QC 42.7 * 5.0 NS 3.3 NS 

SRFBP1 -8.2 NS -1.6 NS 1.5 NS 

ERICH6B 45.3 NS -6.5 NS -8.8 NS 

RAB40AL 12.3 * 1.9 NS -0.7 NS 

S100A9 -21.1 * -1.9 NS -0.2 NS 

C4BPA 26.4 * 2.5 NS 0.4 NS 

FBLN1 30.5 * 5.5 NS 2.3 NS 

C6 47.2 * 11.6 * 6.3 NS 

FGA 32.4 NS 3.4 NS -4.4 NS 

PROCR 30.5 * 1.2 NS 10.3 NS 

CD163 22.3 * 3.5 NS 3.5 NS 

BTD 36.6 NS 8.8 NS -28.0 * 

VCL 30.6 NS 10.4 ** -7.5 NS 

CFI -22.3 NS -5.5 NS 1.5 NS 

ALB -8.0 NS -0.2 NS 0.3 NS 

NRP1 -12.0 * -1.7 NS -0.6 NS 
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Control F 82 
     

10.6 
  

Control  M 71 
 

32.6 
      

Offspring  F 56 
  

4.0 
     

Offspring  F 67 
     

11.8 
  

Offspring  F 68 
     

10.4 
  

Centenarian F 101 
    

145.3 
   

Centenarian F 102 
    

130.1 
   

Centenarian F 103 
 

11.3 
      

Centenarian F 105 4.4 
   

675.1 
   

Centenarian F 107 
      

12.0 
 

Centenarian F 107 
     

12.9 
  

Centenarian F 109 
    

142.9 
   

Centenarian M 100 
   

7.5 
   

6.6 

Centenarian M 100 
 

10.5 
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Sample group Sex Age FABP5 PLD3 PPP3CB SAA1 SOD3 

Control F 60 
   

33.0 
 

De novo PD  F 77 
 

7.7 
  

21.2 

De novo PD F 61 
     

De novo PD M 81 
   

42.1 
 

De novo PD F 72 
    

11.4 

De novo PD F 53 9.5 
    

De novo PD F 75 
    

13.1 

De novo PD F 66 
    

10.2 

De novo PD M 64 
   

28.1 
 

OND  M 80 
   

34.5 
 

 

 

 

Ingenuity Canonical Pathways  -log10 p-value z-score Proteins 

LXR/RXR Activation 4.76 1.63 AGT, VTN, TNFRSF1A, FGA, 

APOE, HPX 

FXR/RXR Activation 4.68 

 

AGT, VTN, MAPK12, FGA, 

APOE, HPX 

Glycerol Degradation I 3.71 

 

GK2, GPD1 

Gap Junction Signalling 3.66 

 

EGF, PPP3CB, TUBA4A, 

PLCG1, ACTA1, 

TUBA3C/TUBA3D 

14-3-3-mediated Signalling 3.53 

 

TNFRSF1A, MAPK12, 

TUBA4A, PLCG1, 

TUBA3C/TUBA3D 



Ingenuity Canonical Pathways  -log10 p-value z-score Proteins 

Apoptosis Signalling 3.16 2.00 TNFRSF1A, PLCG1, CYCS, 

CAPN2 

Axonal Guidance Signalling 3.06 

 

EGF, PPP3CB, EFNA5, 

TUBA4A, PLCG1, ACE, 

EPHA7, TUBA3C/TUBA3D 

FAK Signalling 3.01 

 

EGF, PLCG1, ACTA1, 

CAPN2 

Acute Phase Response Signalling 3.01 2.24 AGT, TNFRSF1A, MAPK12, 

FGA, HPX 

Germ Cell-Sertoli Cell Junction Signalling 3.01 

 

TNFRSF1A, MAPK12, 

TUBA4A, ACTA1, 

TUBA3C/TUBA3D 

Sertoli Cell-Sertoli Cell Junction Signalling 2.97 

 

TNFRSF1A, MAPK12, 

TUBA4A, ACTA1, 

TUBA3C/TUBA3D 

Sirtuin Signalling Pathway 2.77 -1.63 SOD3, MAPK12, NDRG1, 

TUBA4A, NDUFB11, 

TUBA3C/TUBA3D 

Renin-Angiotensin Signalling 2.67 

 

AGT, MAPK12, PLCG1, ACE 

Parkinson's Signalling 2.64 

 

MAPK12, CYCS 

Clathrin-mediated Endocytosis Signalling 2.63 

 

EGF, HSPA8, PPP3CB, 

ACTA1, APOE 

Calcium-induced T Lymphocyte Apoptosis 2.61 

 

PPP3CB, PLCG1, CAPN2 

Induction of Apoptosis by HIV1 2.61 

 

TNFRSF1A, MAPK12, CYCS 

Remodelling of Epithelial Adherens 

Junctions 

2.49 

 

TUBA4A, ACTA1, 

TUBA3C/TUBA3D 

Phagosome Maturation 2.46 

 

CTSH, TUBA4A, ACE, 

TUBA3C/TUBA3D 

EGF Signalling 2.45 

 

EGF, MAPK12, PLCG1 

Epithelial Adherens Junction Signalling 2.41 

 

EGF, TUBA4A, ACTA1, 

TUBA3C/TUBA3D 

UDP-N-acetyl-D-galactosamine 

Biosynthesis I 

2.35 

 

GALE,  

Regulation of IL-2 Expression in Activated 

and Anergic T Lymphocytes 

2.27 

 

MAPK12, PPP3CB, PLCG1 

Death Receptor Signalling 2.09 

 

TNFRSF1A, ACTA1, CYCS 

Hepatic Fibrosis / Hepatic Stellate Cell 

Activation 

2.03 

 

AGT, EGF, TNFRSF1A, 

COL4A2 

Dendritic Cell Maturation 2.02 1.00 TNFRSF1A, MAPK12, 

IGHG1, PLCG1 

ErbB Signalling 2.02 

 

EGF, MAPK12, PLCG1 

Coagulation System 1.97 

 

PLAU, FGA 

Production of Nitric Oxide and Reactive 

Oxygen Species in Macrophages 

1.96 1.00 TNFRSF1A, MAPK12, PLCG1, 

APOE 

Complement System 1.95 

 

MASP2, CFH 

UVA-Induced MAPK Signalling 1.93 

 

MAPK12, PLCG1, CYCS 

Role of Macrophages, Fibroblasts and 

Endothelial Cells in Rheumatoid Arthritis 

1.93 

 

DKK3, TNFRSF1A, PPP3CB, 

IGHG1, PLCG1 

Type I Diabetes Mellitus Signalling 1.91 

 

TNFRSF1A, MAPK12, CYCS 

Glycerol-3-phosphate Shuttle 1.87 

 

GPD1,  

Inosine-5'-phosphate Biosynthesis II 1.87 

 

ATIC,  

Neuroprotective Role of THOP1 in 

Alzheimer's Disease 

1.86 

 

AGT, ENDOU, ACE 

Leukocyte Extravasation Signalling 1.86 1.00 MAPK12, PLCG1, ACTA1, 

THY1 

Role of PKR in Interferon Induction and 

Antiviral Response 

1.84 

 

TNFRSF1A, CYCS 

Glucocorticoid Receptor Signalling 1.76 

 

AGT, PLAU, HSPA8, 

MAPK12, PPP3CB 

Phagosome Formation 1.75 

 

VTN, IGHG1, PLCG1 



Ingenuity Canonical Pathways  -log10 p-value z-score Proteins 

nNOS Signalling in Neurons 1.74 

 

PPP3CB, CAPN2 

TNFR1 Signalling 1.71 

 

TNFRSF1A, CYCS 

CD28 Signalling in T Helper Cells 1.71 

 

MAPK12, PPP3CB, PLCG1 

Iron homeostasis signalling pathway 1.71 

 

EGF, HPX, HBE1 

Role of Osteoblasts, Osteoclasts and 

Chondrocytes in Rheumatoid Arthritis 

1.71 

 

DKK3, TNFRSF1A, MAPK12, 

PPP3CB 

Amyloid Processing 1.68 

 

MAPK12, CAPN2 

Galactose Degradation I (Leloir Pathway) 1.65 

 

GALE,  

CD27 Signalling in Lymphocytes 1.64 

 

MAPK12, CYCS 

Nur77 Signalling in T Lymphocytes 1.63 

 

PPP3CB, CYCS 

autophagy 1.61 

 

CTSH, ACE 

Regulation of Cellular Mechanics by 

Calpain Protease 

1.6 

 

EGF, CAPN2 

Huntington's Disease Signalling 1.6 

 

EGF, HSPA8, CYCS, CAPN2 

Ephrin A Signalling 1.53 

 

EFNA5, EPHA7 

PCP pathway 1.53 

 

CTHRC1, MAPK12 

Superoxide Radicals Degradation 1.45 

 

SOD3,  

Agrin Interactions at Neuromuscular 

Junction 

1.44 

 

MAPK12, ACTA1 

Chemokine Signalling 1.43 

 

MAPK12, PLCG1 

Mitochondrial Dysfunction 1.42 

 

MAPK12, CYCS, NDUFB11 

Glioma Invasiveness Signalling 1.41 

 

VTN, PLAU 

Myc Mediated Apoptosis Signalling 1.41 

 

MAPK12, CYCS 

Tec Kinase Signalling 1.4 

 

MAPK12, PLCG1, ACTA1 

Caveolar-mediated Endocytosis Signalling 1.39 

 

EGF, ACTA1 

Ephrin Receptor Signalling 1.37 

 

EGF, EFNA5, EPHA7 

Toll-like Receptor Signalling 1.35 

 

MAPK12, TOLLIP 

GDNF Family Ligand-Receptor Interactions 1.34 

 

MAPK12, PLCG1 

IL-15 Signalling 1.34 

 

MAPK12, PLCG1 

Non-Small Cell Lung Cancer Signalling 1.33 

 

EGF, PLCG1 

Neuroinflammation Signalling Pathway 1.33 

 

TNFRSF1A, MAPK12, 

PPP3CB, PLCG1 

Purine Nucleotides De Novo Biosynthesis II 1.32 

 

ATIC 

UDP-N-acetyl-D-galactosamine 

Biosynthesis II 

1.32 

 

GALE 

IL-17A Signalling in Airway Cells 1.32 

 

MAPK12, MUC5B 
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Protein (gene) 
Control versus vs 

de novo PD 

Control 

versus iRBD 

Control versus other 

neurological disorders  

Intercellular adhesion molecule 1 

(ICAM1) 
9.1E-04 5.8E-01 5.6E-02 

C-C motif chemokine 4 (CCL4) 9.2E-04 7.9E-01 7.0E-01 

Troponin T3, fast skeletal type (TNNT3) 1.1E-03 6.5E-01 3.4E-03 

Secreted Phosphoprotein 2 (SPP2) 1.1E-03 4.3E-02 6.1E-03 

Collagen alpha-3(VI) chain (COL6A3) 1.1E-03 2.6E-01 6.0E-02 

Neurofilament medium polypeptide 

(NEFM) 
1.1E-03 5.8E-01 1.9E-02 

Polyubiquitin-C (UBC) 1.1E-03 1.7E-03 1.9E-02 

Phosphoglycerate mutase 1 (PGAM1) 1.2E-03 7.4E-01 1.9E-01 

Alpha-2-antiplasmin (SERPINF2) 1.3E-03 7.9E-01 1.7E-04 

Calpain-2 catalytic subunit (CAPN2) 2.4E-03 1.0E+00 8.8E-03 

Fibroblast growth factor 21 (FGF21) 2.6E-03 6.5E-01 6.8E-02 

Neural cell adhesion molecule 1 

(NCAM1) 
3.5E-03 3.7E-01 5.9E-01 

N-myc downstream regulated 1 

(NDRG1) 
5.3E-03 5.0E-01 2.0E-02 

Matrix metallopeptidase 3 (MMP3) 5.3E-03 1.0E+00 6.7E-02 

Mitogen-activated protein kinase 12 

(MAPK12) 
9.0E-03 1.0E+00 8.4E-03 

C-C motif chemokine 2 (CCL2) 2.4E-02 1.7E-03 1.9E-02 

Heat shock protein HSP 90-beta 

(HSP90AB1) 
2.4E-02 2.7E-01 3.1E-01 

Serine/threonine-protein phosphatase 

2B catalytic subunit (PPP3CB) 
3.0E-02 8.8E-01 5.9E-01 

Cholinesterase (BCHE) 3.6E-02 7.6E-01 5.6E-02 

Interleukin-5 (IL5) 4.3E-02 2.6E-01 5.4E-01 

Alpha-1-antichymotrypsin (SERPINA3) 4.4E-02 7.9E-01 6.7E-02 

Dickkopf WNT signaling pathway 

inhibitor 3 (DKK3) 
4.4E-02 3.9E-01 5.7E-01 

Heat shock 70 kDa protein 1-like 

(HSPA1L) 
5.0E-02 3.5E-01 1.7E-02 

Plasma protease C1 inhibitor 

(SERPING1) 
9.5E-02 6.5E-01 6.8E-01 

Cystatin-C (CST3) 9.5E-02 7.3E-01 3.4E-03 

C-C motif chemokine 17 (CCL17) 1.0E-01 1.0E+00 5.9E-01 

Heat shock cognate 71 kDa protein 

(HSPA8) 
1.0E-01 6.0E-01 1.8E-01 

Interleukin-1 beta (IL1B) 1.1E-01 6.5E-01 8.5E-01 

Angiopoietin-1 receptor (TEK) 1.3E-01 7.1E-01 6.2E-01 

NACHT, LRR and PYD domains-

containing protein 3 (NLRP3) 
1.4E-01 6.0E-01 5.9E-01 

Amyloid-beta precursor protein (APP) 1.4E-01 3.1E-03 4.1E-01 

L-xylulose reductase (DCXR) 3.1E-01 1.0E+00 9.4E-01 

Erythropoietin (EPO) 3.6E-01 9.9E-01 5.9E-01 

Thioredoxin (TXN) 3.8E-01 6.0E-01 8.5E-01 

Inter-alpha-trypsin inhibitor heavy chain 

2 (ITIH2) 
4.0E-01 8.8E-01 5.9E-01 

Annexin A2 (ANXA2) 4.0E-01 5.8E-01 7.6E-01 

Tubulin alpha-4A chain (TUBA4A) 4.0E-01 9.4E-01 9.0E-01 

Hemopexin (HPX) 4.1E-01 6.5E-01 8.9E-01 

Alpha-2-macroglobulin (A2M) 4.4E-01 6.5E-01 2.4E-01 

Apolipoprotein E (APOE) 5.5E-01 1.1E-01 4.9E-01 

60 kDa heat shock protein, 

mitochondrial (HSPD1) 
5.6E-01 6.5E-01 8.9E-01 

Collagen alpha-2(IV) chain (COL4A2) 5.7E-01 1.0E+00 7.6E-01 

Prostaglandin-H2 D-isomerase (PTGDS) 5.7E-01 8.5E-01 5.7E-01 

Pyruvate kinase M (PKM) 5.7E-01 1.0E+00 8.5E-01 



Protein (gene) 
Control versus vs 

de novo PD 

Control 

versus iRBD 

Control versus other 

neurological disorders  

Phospholipase D Family Member 3 

(PLD3) 
5.7E-01 5.5E-02 9.2E-01 

Alpha-1-antitrypsin (SERPINA1) 5.7E-01 6.8E-01 8.5E-01 

Extracellular superoxide dismutase [Cu-

Zn] (SOD3) 
5.7E-01 6.5E-01 6.2E-01 

Fatty acid binding protein 5 (FABP5) 6.2E-01 6.5E-01 5.7E-01 

Bifunctional purine biosynthesis protein 

PURH (ATIC) 
6.2E-01 3.7E-01 8.5E-01 

Phosphoglycerate kinase 1 (PGK1) 6.9E-01 6.8E-01 3.4E-01 

Toll-interacting protein (TOLLIP) 7.0E-01 7.1E-01 5.9E-01 

Endoplasmic reticulum chaperone BiP 

(HSPA5) 
7.0E-01 5.0E-01 7.2E-01 

Cytochrome C (CYCS) 7.0E-01 7.9E-01 8.9E-01 

Urokinase-type plasminogen activator 

(PLAU) 
7.5E-01 1.1E-01 4.7E-01 

Mannan binding lectin serine peptidase 

2 (MASP2) 
8.6E-01 1.0E+00 8.8E-02 

Fibrinogen alpha chain (FGA) 8.6E-01 5.0E-01 9.0E-01 

Complement C3 (C3) 8.6E-01 1.9E-01 8.9E-01 

Vascular cell adhesion protein 1 

(VCAM1) 
9.0E-01 8.7E-01 6.8E-01 

Moesin (MSN) 9.7E-01 6.5E-01 9.0E-01 

 

 


