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Proteomics in Aging

Wu RQ, Journal of Dental research (2011) 



PROTEOMICS OF CHRONOLOGICAL AGE

Proteomic profile of chronological age in 
disease-free, healthy participants

Proteomic profile of chronological age in 
general sample of older adults



Study 1 (BLSA & GESTALT)
• Subjects are selected from two studies, the 

Baltimore Longitudinal Study on Aging (BLSA) 
and Genetic and Epigenetic Signatures of 
Translational Aging Laboratory Testing 
(GESTALT) study based in Baltimore, 
Maryland USA

• 240 healthy subjects ranging from 22-93 
years of age

• Subjects are free of mobility disability, 
chronic disease (except for controlled 
hypertension), and cognitive impairment

Study 2 (Inchianti study)
• Inchianti subjects are recruited from two 

cities from Tuscany, Italy, the samples are 
from baseline (1998-2000)

• 997 subjects ranging from 21-98 years of 
age

• Not all disease-free subjects

STUDY SAMPLES



+/- 4SD

• Use stored plasma samples

• ~1300 proteins assessed using 1.3K 
SOMAscan assay (NIH Center for 
Human Immunology (CHI) 
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collected) BLSA/GESTALT

BLSA GESTALT

• Linear regression 
Covariates: sex, Study,  
WBC count  
(p < 3.83x10-5) 

• Elastic net regression to 
create proteomic clock

• The data were quality 
controlled and 
normalized by the 
bioinformatics group

• Each protein log 
transformed, Outlier 
+/-4SD were removed

METHODS

1. PROTEOMIC ASSESSMENT

3. STATISTICAL ANALYSES

2. QUALITY CONTROL



BLSA & GESTALT study InCHIANTI study

217 proteins associated with age 412 proteins associated with age

Of the 217 proteins 
associated with age in 
the BLSA, 211 (97%) 
replicated at p<0.05 in 
the InCHIANTI in 
consistent direction

Of the 412 proteins 
associated with age in 
the InCHIANTI, 330 (80%) 
are replicated in the BLSA

RESULTS: AGE-ASSOCIATED PROTEINS



• Review 32 manuscripts

• 1,128 proteins associated with 
age in at least 2 studies

• 32 proteins associated in 5 
studies

• Review of 33 manuscripts

• 232 proteins associated with age 
in at least 2 studies
• 154 proteins had consistent 

direction of association in all 
sample studied

• 78 proteins consistent direction of 
association within plasma but 
different direction in other tissues

Moaddel R et al, Aging Cell 2020 Johnson A, et al, Ageing Research Reviews 2020 



Moaddel R et al, Aging Cell 2020 Johnson A, et al, Ageing Research Reviews 2020 



BLSA & GESTALT study
InCHIANTI study

76 Proteins were selected using Elastic Net 
regression to predict chronological age in BLSA & 
GESTALT dataset

r=0.94
Older individuals & those 
with co-morbidity 
predicted age is older

Proteomic age may have 
information about health 
status?

PROTEOMIC “CLOCK”



Proteomic age 
acceleration

PROTEOMIC AGE ACCELERATION

All-cause mortality Multimorbidity

Those who are predicted to be older using 
proteomics higher risk for mortality, and 

faster accumulation of disease



Proteomic age 
acceleration

PROTEOMIC AGE ACCELERATION

All-cause mortality Multimorbidity

When compared to epigenetic clock:
Proteomic clock >> mDNAchronological age

Proteomic clock << mDNAGRIMACCEL & mDNAPHENOACCEL



Lehallier B, Nature Medicine 2019 

PROTEOMIC AGE ACCELERATION



• Great advancements in discovery of proteomic 
biomarkers of aging with development of new technology
➢ Candidate aging biomarkers confirmed across tissue types 

identify
➢ Elucidate which of these proteomic age biomarkers (in 

combination) serves as the best marker of biological age

• Circulating proteins can be used to predict chronological 
age
➢ The deviation captures some aspect of biological age, 

however, requires fine-tuning

CONCLUSION AND FUTURE DIRECTIONS
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Study
Characteristics

20-35 yrs 35-50 yrs 50-65 yrs 65-80 yrs 80+ yrs

BLSA & GESTALT

N 48 48 48 48 48

% Female (N) 50% (24) 50% (24) 50% (24) 50% (24) 50% (24)

% Gestalt (N) 27% (13) 17% (8) 21% (10) 25% (12) 6% (3)

Race

White 63% (30) 60% (29) 63% (30) 77% (37) 88% (42)

Black 25% (12) 29% (14) 33% (16) 15% (7) 10% (5)

Other 13% (6) 10% (5) 4% (2) 8% (4) 2% (1)

% Smoker 8% (4) 2% (1) 6% (3) 8% (4) 4% (2)

BMI (kg/m2) 25.8 (5.7) 26.1 (4.4) 27.2 (4.6) 27.2 (4.1) 25.5 (3.2)

Waist Circumference (cm) 81.7 (12) 83.8 (12) 87.6 (13) 93.5 (10) 89.2 (10)

WBC (103/mm2) 5.5 (1.4) 5.3 (1.3) 5.2 (1.4) 5.6 (1.5) 5.4 (1.5)

CRP (ug/mL) 1.6 (2.0) 1.7 (1.7) 2.0 (3.0) 2.8 (4.2) 2.3 (2.2)

InChianti Study

N 71 78 96 623 129

% Female (N) 54% (38) 50% (39) 54% (52) 54% (336) 65% (84)

% Smoker 38% (27) 32% (25) 32% (31) 17% (103) 3% (4)

BMI 24.3 (3.8) 26.2 (4.2) 27.4 (3.7) 27.8 (4.1) 26.1 (3.9)

Waist Circumference (cm) 79.8 (10.5) 85.7 (11.8) 91.2 (11.3) 93.2 (10) 90.1 (9.4)

WBC (103/mm2) 6.5 (1.4) 6.4 (1.7) 6.5 (1.6) 6 (1.5) 6.2 (1.4)

CRP (ug/mL) 1.9 (2.8) 3 (6.6) 3.4 (4.2) 4.3 (6.6) 5.6 (9.8)

No of co-morbidities 0.2 (0.4) 0.3 (0.6) 0.6 (0.6) 1.5 (1.3) 2.3 (1.5)

Age Categories


