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Abstract

With the majority of CD8  T cells residing and functioning in tissue, not blood, developing

noninvasive methods for in vivo quantification of their biodistribution and kinetics in humans

offers the means for studying their key role in adaptive immune response and memory. This

study is the first report on using positron emission tomography (PET) dynamic imaging and

compartmental kinetic modeling for in vivo measurement of whole-body biodistribution of

CD8  T cells in human subjects. For this, a Zr-labeled minibody with high affinity for human

CD8 ( Zr-Df-Crefmirlimab) was used with total-body PET in healthy subjects (N=3) and in

COVID-19 convalescent patients (N=5). The high detection sensitivity, total-body coverage, and

the use of dynamic scans enabled the study of kinetics simultaneously in spleen, bone

marrow, liver, lungs, thymus, lymph nodes, and tonsils, at reduced radiation doses compared

to prior studies. Analysis and modeling of the kinetics was consistent with T cell trafficking

effects expected from immunobiology of lymphoid organs, suggesting early uptake in spleen

and bone marrow followed by redistribution and delayed increasing uptake in lymph nodes,

tonsils, and thymus. Tissue-to-blood ratios from the first 7 h of CD8-targeted imaging showed

significantly higher values in the bone marrow of COVID-19 patients compared to controls,
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with an increasing trend between 2 and 6 months post-infection, consistent with net influx

rates obtained by kinetic modeling and flow cytometry analysis of peripheral blood samples.

These results provide the platform for using dynamic PET scans and kinetic modelling to study

total-body immunological response and memory.
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