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Abstract

With advancing age, immune function declines in a process known as immunosenescence, charac-
terized by altered immune cell composition, impaired responsiveness, and chronic inflammation.
Although chronological age is a major determinant of immune decline, substantial interindividual
variation exists. This variability highlights the need for quantitative measures of immune aging be-
yond chronological age. In this thesis, I developed cell type specific transcriptomic aging clock
models for major immune cell populations within PBMCs, including CD4* T cells, CD8" T cells,
monocytes, NK cells, and B cells, using scRNA-seq data from healthy individuals in the OneK1K
cohort. Models were trained using lasso regression to predict chronological age from gene expres-

sion measurements and were subsequently evaluated in the independent Sound Life cohort.

The T cell aging clock models showed the strongest correlations between predicted transcriptomic
age and chronological age and generalized well to the Sound Life cohort (» = 0.70-0.81), indicating
that the T cell models capture robust age-associated transcriptional signals that are reproducible
across independent cohorts. Application of the aging clock models to longitudinal samples from the
Sound Life cohort further revealed that predicted transcriptomic age was relatively stable over the
2-3 year study period despite modest temporal fluctuations, with interindividual variability exceed-
ing intraindividual variability, and showed no significant change following seasonal influenza vac-
cination. Furthermore, CMV+ individuals exhibited substantially higher predicted transcriptomic
age in CD8" T cells than CMV— individuals of the same chronological age, suggesting that CMV
infection may accelerate the acquisition of a transcriptomic profile normally associated with im-
mune aging. At the cohort mean age, CMV+ individuals were predicted to be approximately 10

years older than CMV— individuals, an effect that was specific to the CD8" T cell aging clock.

Together, these findings demonstrate that T cell based transcriptomic aging clocks capture reproduc-
ible age-associated transcriptional signatures and can be used to study interindividual variation in
immune aging dynamics. The results further identify CMV infection as an important contributor to

accelerated transcriptomic aging in CD8" T cells.
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