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Figure S1. Gating methods to identify lymphocyte populations and cytokine-expressing 

potency, Related to Figure 2 

(A) Gating strategies to identify CD3+ CD4+ T, CD3+ CD8+ T, NK and B cells.  

(B) Characterization of T cell naïve/memory lineages including TN, TCM, TEM, and TEMRA based 

on the expression of canonical markers CCR7/CD45RA/CD45RO. Blue line represents 

CCR7/CD45RA isotype gate.  
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(C) Representative gating method for multifunctional cytokine expression analysis of 

lymphocytes with different SSC intensity. For unstained cell sample, the cells were pre-sorted 

based on the SSC intensity into SSChigh and SSClow clusters before subsequent activation and 

cytokine detection. The percentage of multifunctional cytokine expressing cells among CD3+ 

CD8- T or CD3+ CD8+ T cells was further normalized based on the total expression of each 

cytokine. 
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Figure S2. Manual gate selection for T cell reconstitution, Related to Figure 2 

(A) A serial of gates based on the SSC intensity were set to recover various amount of SSC low 

lymphocytes, representing 20% to 100% of the total lymphocytes analyzed. The scattering 

distribution of CD3+ CD4+ T, CD3+ CD8+ T, and T cell naïve/memory lineages within the gated 
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SSClow cluster was displayed.  

(B-J) Shown are the percentage of CD3+ CD4+ T, CD3+ CD8+ T, NK and B cells (B-D), or T cell 

naïve/memory subsets in CD3+ CD4+ T (E-G) and CD3+ CD8+ T cells (H-J) among the gated 

SSClow cluster (n = 3). 
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Figure S3. Side scatter is a robust parameter for lymphocytes segregation, Related to 

Figure 2 

(A-D) PBMC was pre-stained with fluorescence antibodies and run on flow cytometer under 

different voltages for both FSC and SSC (A). Control cells instead were unstained but subjected 

to the same sample processing steps. Shown is the scattering profile of total lymphocytes with 

or without antibody staining (B). The percentage of CD3+ CD4+ T, CD3+ CD8+ T, NK and B cells 

in gated SSClow cluster (C), as well as the naive/memory T cell subsets in CD4+ T and CD8+ T 

lymphocyte among the gated SSClow cell population (D) were compared under different 

voltages as applied for data acquiring. 

(E-G) Alternative gating method based on the FSC intensity was used to divide total 

lymphocytes into FSChi and FSClow clusters as illustrated in the dot plots. The percentage of 

CD3+ CD4+ T/CD3+ CD8+ T cells (E), NK/B cells (F), and TN/TCM/TEM/TEMRA cell subsets (G) 

within the FSChi or FSClow cluster were summarized (histograms) (n = 3). Data are presented 

as means ± S.E.M (n = 3). Paired two-tailed t-test between SSClow and SSChi group was 

performed. Error bars indicate mean ± SEM. 

(H-M) Use of double side-scattering gate (H) for segregation of unstained lymphocyte 

populations. Shown are CD4+ T and CD8+ T lymphocyte composition (I), B and NK proportion 

(J) in sorted SSChi and SSClow cell populations (n = 3), or naive/memory T cell subsets in CD4+ 

T (K) and CD8+ T lymphocyte (L) within the sorted SSChi and SSClow cell populations, 

respectively (n = 3). (M) The data from Figures S3I-S3L and Figures 2D-2G were compiled 

together to show the efficiency of lymphocytes reconstitution sorted under either blue laser 

(B488) or combined with UV laser (UV405). A two-tailed, paired t-test between two groups was 
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performed (E-I). Error bars indicate mean ± SEM. 
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Figure S4. Dynamic expansion and phenotype shaping of side-scatter reconstituted 

lymphocytes from individual donors, Related to Figure 4 

(A-C) Expansion efficiency of lymphocytes derived from SSChi, SSClow , or reconstituted 

SSChi+low cells at a ratio of 1:1 as represented by TNC fold increase (A), CD3+ CD4+ T (B) and 

CD3+ CD8+ T (C) fold increase. Two independent experiments for donor 1 and donor 2 and one 

experiment for donor 3 are shown. Error bars indicate mean ± SEM. 

(D) Gating strategy for in-depth analysis of compositional change of naïve/memory T cells 

during expansion.  

(E-G) Composition change of naive/memory T subsets in CD3+ CD4+ T or CD3+ CD8+ T cells 

for each donor along the expansion procedure. Two independent experiments for donor 1 (E) 

and donor 2 (F) at day 0, 7 and 11 and one experiment for donor 3 (G) are shown. 

(H) T cell naïve/memory composition at day 19 post expansion (n = 2). 
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Figure S5. Phenotype and functionality of of reconstituted lymphocytes post activation, 

Related to Figure 4 

(A and B) Dynamic expression of a panel of phenotypic markers in total CD3+ CD4+ T (A) and 
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CD3+ CD8+ T cells (B) at day 7, 11 and 18 post expansion (n = 2). 

(C and D) Multifunctional cytokine expression of total CD3+ T cells at day 7 (C) and day 11 (D) 

post expansion (n = 3) with 2 independent experiments for donor 1 and 2. 
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Figure S6. CD4+ TEMRA-hi but not CD8+ TEMRA-hi in T cell products is predictable from initial 

proportion of TN and TCMO, Related to Figure 5 

(A-C) Phenotypic characterization of TCMRA-hi subset compared to TN, TCMRA-low, TCMO, TEM, TEMRA-

low and TEMRA-hi. Flow cytometry data of expanded T cells at day 0 (A), day 7 (B) and day 11 (C). 
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The relative abundance is represented as relative fluorescence intensity (RFI) after 

normalization to that of TN for day 0 and day 7, respectively (A and B) or to that of TCMRA-hi for 

day 11 due to nearly undetectable TN (C). For each T cell subset, a total of 4 readouts (day 0) 

and 6 readouts (day 7 or day 11) from SSChi, SSClow and SSChi+low groups (n = 2) were 

combined and reported after removing cell counts collected less than 50. “NA” indicates omitted 

data due to generally low cell counts for MFI calculation. Error bars indicate mean ± SEM. 

(D-G) Correlation analysis of starting effector/memory composition including TN (D), TCMO (E), 

TCMRA-low (F, or TEMRA (G) with the percentage of generated TEMRA-hi among cell products 

corresponding to each time point along the days of expansion. Data of the same day from three 

donors were combined. Each dot represents the percentage of generated cell subset 

corresponding to the indicated cell component of its starting cell material. The solid black line 

indicates combined linear regression using all the dots in that plot. Note that the total TEMRA at 

day 0 is taken for analysis due to the extremely low percentage of TEMRA-hi among CD4+ T cells.  
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Figure S7. Expression level of selected phenotypic markers of reconstituted 

lymphocytes during expansion, Related to Figure 7 

(A and B) Dynamic expression of a panel of phenotypic markers in CD3+ CD4+ T (A) or CD3+ 

CD8+ T cells (B) at day 6, 11 and 18 post CD4-CD8 T co-expansion. The relative fluorescence 

intensity (RFI) is calculated by normalizing the medium fluorescence intensity (MFI) of each 

marker under CD4-CD8 co-culture conditions to that of CD4+ T cells or CD8+ T cells culture at 
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the indicated time points. 
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