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Abstract

Biological aging underlies almost all major chronic diseases such as cancer, 

autoimmune diseases and Alzheimer’s disease. Elucidating the biological 

mechanisms of aging and monitoring the aging process noninvasively holds great 

promise for the early detection and ultimately the prevention of aging-related 

diseases. Current approaches to quantify biological age have mostly focused on 

epigenetic changes in the genome. Advances in proteomic technologies can provide 

an alternative and arguably more actionable measure of biological aging at the protein 

level. Here we apply the recently developed Nucleic acid-linked immunosandwich 

assay (NULISA)1 to measure >300 proteins to assess age-related changes in plasma 

protein levels.

In this study, we profiled a cohort of 500 individuals spanning over 7 decades of 

chronological age from a biobank maintained by a major metropolitan academic 

medical center. The cohort consisted of an even balance of male and female subjects 

and is generally representative of the racial/ethnic distribution of the collection site. 

Plasma samples from this cohort were assayed with the NULISAseq 250-plex 

Inflammation and 120-plex CNS Disease Panels targeting key inflammation-related 

cytokines and chemokines and proteins involved in all major hallmarks of 

neurodegeneration such as pTau and β-amyloid proteins. 

Overall target detectability in plasma samples from this cohort was 98.8% with the 

Inflammation Panel and 96.8% with the CNS Disease Panel. Preliminary 

bioinformatics analyses identified >150 targets from the Inflammation Panel that were 

increased with age including proinflammatory markers such as IL6, TNFα, LIF, TGFβ 

and IL18. Analysis with the CNS markers further identified age-dependent increases 

in pTau-217, pTau-181, pTau-231, Aβs (38, 40 and 42) as well as NEFL and NEFH 

among many other markers implicated in neurodegeneration. Additional analyses are 

planned to build a protein-based age predictor and assess its correlation with clinical 

outcomes to predict mortality and common diseases. 

In conclusion, this study applied the recently developed NULISA platform to profile 

key inflammation and neurodegeneration-related proteins in plasma in a well curated 

clinical cohort. The large number of proteins identified to be associated with age 

indicates that this dataset may provide a rich and high-quality dataset for the aging 

research community.
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NULISAseq 120-plex CNS Disease Panel

ACHE CCL22 ENO2 IL10 KLK6 PGF SFTPD VEGFA

AGRN CCL26 FABP3 IL12p70 MAPT PGK1 SLIT2 VEGFD

ANXA5 CCL3 FCN2 IL13 MDH1 POSTN SMOC1 VGF

Aβ38 CCL4 FGF2 IL15 MME PRDX6 SNAP25 VSNL1

Aβ40 CD40LG FLT1 IL16 MSLN PSEN1 SNCA YWHAZ

Aβ42 CD63 FOLR1 IL17A NEFH pSNCA-129 SNCB

APOE CHI3L1 GDF15 IL18 NEFL pTau-181 SOD1

APOE4 CHIT1 GDI1 IL1B NGF pTau-217 SQSTM1

ARSA CNTN2 GDNF IL2 NPTX1 pTau-231 TAFA5

BACE1 CRH GFAP IL33 NPTX2 pTDP43-409 TARDBP

BASP1 CRP GOT1 IL4 NPTXR PTN TEK

BDNF CSF2 HBA1 IL5 NPY REST TIMP3

CALB2 CST3 HTT IL6 NRGN RUVBL2 TNF

CCL11 CX3CL1 ICAM1 IL6R Oligo-SNCA S100A12 TREM1

CCL13 CXCL1 IFNG IL7 PARK7 S100B TREM2

CCL17 CXCL10 IGF1R IL9 PDGFRB SAA1 UCHL1

CCL2 CXCL8 IGFBP7 KDR PDLIM5 SFRP1 VCAM1

Analysis of >300 Proteins Identifies Numerous Plasma Proteins for Accurate Age Prediction
Combined NULISAseq  Multiplex Panels 

Enable Comprehensive Proteomic Profiling 
of Inflammation and Neurodegeneration

NULISAseq 250-plex Inflammation Panel

AGER CD200 CXCL12 IFNA2 IL-2 LGALS9 SIRPA TNFSF4

AGRP CD200R1 CXCL13 IFNB1 IL-20 LIF SLAMF1 TNFSF8

ANGPT1 CD27 CXCL14 IFNG IL-22 LIL-RB2 SPP1 TNFSF9

ANGPT2 CD274 CXCL16 IFNL1 IL-23A|EBI3 LTA TAFA5 TREM1

ANXA1 CD276 CXCL2 IFNL2;IFNL3 IL-23A|IL-12B LTA|LTB TEK TREM2

AREG CD3E CXCL3 IFNW1 IL-24 MERTK TGFB1 TSLP

BDNF CD4 CXCL5 IKBKG IL-27|EBI3 MICA TGFB3 VCAM1

BMP7 CD40 CXCL6 IL-10 IL-2RA MICB THBS2 VEGFA

BST2 CD40LG CXCL8 IL-10RB IL-2RB MIF THPO VEGFC

C1QA CD46 CXCL9 IL-11 IL-32 MMP1 TIMP1 VEGFD

CALCA CD70 EGF IL-12B IL-33 MMP12 TIMP2 VSNL1

CCL1 CD80 EPO IL12p70 IL-34 MMP3 TLR3 VSTM1

CCL11 CD83 FASLG IL-12RB1 IL-36A MMP8 TNF WNT16

CCL13 CD93 FGF19 IL-13 IL-36B MMP9 TNFRSF11A WNT7A

CCL14 CEACAM5 FGF2 IL-13RA2 IL-36G MPO TNFRSF11B

CCL15 CHI3L1 FGF21 IL-15 IL-3RA MUC16 TNFRSF13B

CCL16 CLEC4A FGF23 IL-15RA IL-4 NAMPT TNFRSF13C

CCL17 CNTF FLT1 IL-16 IL-4R NCR1 TNFRSF14

CCL19 CRP FLT3LG IL-17A IL-5 NGF TNFRSF17

CCL2 CSF1 FLT4 IL-17A|IL-17F IL-5RA NTF3 TNFRSF18

CCL20 CSF1R FTH1 IL-17B IL-6 OSM TNFRSF1A

CCL21 CSF2 FURIN IL-17C IL-6R OSMR TNFRSF1B

CCL22 CSF2RB GDF15 IL-17F IL-6ST PDCD1 TNFRSF21

CCL23 CSF3 GDF2 IL-17RA IL-7 PDCD1LG2 TNFRSF4

CCL24 CSF3R GFAP IL-17RB IL-7R PDGFA TNFRSF8

CCL25 CST7 GRN IL-18 IL-9 PDGFB TNFRSF9

CCL26 CTF1 GZMA IL-18BP IRAK4 PGF TNFSF10

CCL27 CTLA4 GZMB IL-18R1 KDR PTX3 TNFSF11

CCL28 CTSS HAVCR1 IL-19 KITLG S100A12 TNFSF12

CCL3 CX3CL1 HGF IL-1B KLRK1 S100A9 TNFSF13

CCL4 CXADR HLA-DRA IL-1R1 KNG1 SCG2 TNFSF13B 

CCL5 CXCL1 ICAM1 IL-1R2 LAG3 SDC1 TNFSF14

CCL7 CXCL10 ICOSLG IL-1RL1 LAMP3 SELE TNFSF15

CCL8 CXCL11 IFNA1; IFNA13 IL-1RN LCN2 SELP TNFSF18
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Study Cohort (n=503)
Gender Number (n) Total (%)

Male 251 49.90%

Female 252 50.10%

Age (yrs): Median = 60 

20-29 62 12.33%

30-39 65 12.92%

40-49 59 11.73%

50-59 59 11.73%

60-69 63 12.52%

70-79 67 13.32%

80-89 70 13.92%

>89 58 11.53%

Race

White 311 61.83%

White Hispanic 80 15.90%

Black 65 12.92%

Asian 30 5.96%

American Indian or Alaskan Native 4 0.80%

Native Hawaiian or Pacific Islander 1 0.20%

Other 12 2.39%

Ethnicity

Hispanic 81 16.10%

Non-Hispanic 419 83.30%

Unknown/Missing 1 0.20%

Declined 2 0.40%
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Conclusions

• Ultrasensitive plasma profiling of >300 inflammation and 
neurodegeneration-related proteins identified both known 

and novel age-related proteins

• Accurate prediction of chronological age can be obtained 
with <200 age-related proteins

• Protein interaction network analysis of age signature 
identifies a highly-connected chemokine network, 

consistent with inflammaging

• Our age prediction model has many unique and shared 
features compared to a recent publication by Argentieri et 

al.2
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