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Summary

 

CAR T-cell therapies have demonstrated significant success in the treatment of hematological malignancies. However, 
high-quality T cell manufacturing relies on the accessibility of clinical-grade ancillary reagents which support robust 
expansion protocols in closed scalable bioreactor systems. We previously developed a set of cGMP-compliant ancillary 
reagents: ImmunoCult™ Human CD3/CD28/CD2 Activator to induce T cell activation and the serum- and xeno-free 
ImmunoCult™-XF medium for the ex-vivo expansion of activated cells. Using these reagents, we developed T cell 
expansion protocols that are optimized for three cell manufacturing platforms: Gas-Permeable Rapid Expansion (G-Rex®) 
devices, the Xuri™ Cell Expansion System W25, and PBS-MINI MagDrive bioreactors. We show that these protocols result 
in robust T cell expansion with the relevant phenotype and function to support efficient and scalable cell therapy 
manufacturing.

• STEMCELL’s cGMP T cell activation and expansion reagents are suitable for clinical T cell therapy manufacturing in 
three large-scale bioreactors:
▪ G-Rex® bioreactors are able to produce high cell densities and thus high yields of T cells, including central 

memory T cells 
▪ Xuri™ Cell Expansion System W25 and PBS-MINI MagDrive Bioreactors generate high fold expansions and 

high numbers of central memory T cells
▪ T cells expanded in these bioreactors are functional as indicated by killing and the production of cytokines and 

granzyme B
• In conclusion, carefully optimized protocols using cGMP ImmunoCult™ reagents can help improve the successful 

bench-to-bedside translation of life-changing T-cell therapies.

FIGURE 1A. Culture Protocol for T Cell Activation and Expansion in G-Rex®6M Well Plates and 
G-Rex®50M Open System

Isolation, Cryopreservation, and Thawing of Pan T Cells
Human pan T-cells were isolated from fresh leukopaks (Catalog #70500) from healthy donors using EasySep™ Human T 
Cell Isolation Kit (Catalog #17951) and cryopreserved in CryoStor® CS10 (Catalog #100-1061). On the day of experiment, 
cryopreserved T cells were thawed, washed, and resuspended in ImmunoCult™-XF (Catalog #100-0956) supplemented 
with 180 IU/mL recombinant human (rh) IL-2. In some experiments, freshly isolated T cells were used for activation and 
expansion.

Isolated T cells (fresh or frozen)  were seeded at 1 - 2 x 106 cells/cm² in a total volume of 10 mL (G-Rex®6M well plate) or 
50 mL (G-Rex®50M system) and activated with either 6.25 or 25 µL/mL of ImmunoCult™ Human CD3/CD28/CD2 T Cell 
Activator. On day 3,  G-Rex® cultures were topped up with fresh medium + IL-2 to  a maximum volume of 100 mL 
(G-Rex®6M well plates) or 500 mL (G-Rex®50M system), as shown in the table above. No culture manipulation was 
performed until harvest on day 7 if using the G-Rex®50M system or day 10 for the G-Rex®6M well plate.

FIGURE 1B. Culture Protocol for Expansion of T Cells in the Xuri™ Cell Expansion System W25
5 x 107 T cells were seeded in a T-175 tissue culture flask containing 50 mL of medium and activated with 25 µL/mL of 
ImmunoCult™ Human CD3/CD28/CD2 T Cell Activator. On day 3, the cell density was adjusted to 1 - 2.5 x 105 cells/mL by 
adding fresh medium + IL-2. On day 5, cell expansion on the Xuri™ platform was initiated by inoculating 3 x 108 T cells in 
1 L of culture medium into a Xuri™ 2L Cellbag™ Bioreactor. Perfusion was initiated at 0.5 L/day on day 7 and increased to 
1 L/day on day 9. The culture was harvested on day 10.

FIGURE 1C. Culture Protocol for Expansion of  T Cells in PBS-MINI MagDrive Bioreactor
Thawed T cells were seeded at 1 x 106 cells/mL and activated with 25 µL/mL of ImmunoCult™ Human CD3/CD28/CD2 
T Cell Activator in a tissue culture flask with complete medium (ImmunoCult™-XF supplemented with rhIL-2). On day 3, 
3 x 106 cells were seeded into 0.1 L Single-Use Vessel on a PBS-MINI MagDrive Bioreactor (PBS-MINI 0.1), and the culture 
was topped up to 60 mL with the complete medium and incubated at 20 RPM. On day 5, the volume was increased to 
100 mL. On day 7, the cell suspension was transferred into a 0.5 L Single-Use Vessel (PBS-MINI 0.5) and topped up to 
500 mL. Cells were harvested on day 10. 

Cell counts and viability were assessed  using a NucleoCounter® NC-250™. The expression of CD4, CD8a, CD45RO, CCR7 
and exhaustion markers PD-1, TIM-3, and LAG-3 were analyzed by flow cytometry. Dead cells were excluded by 
light-scatter profile and 7-AAD staining. The phenotypic profile of T cell subtypes in the CD8+ T cell population was defined 
as: naive and T memory stem cells (TN/SCM) CCR7+CD45RO-; central memory (TCM) CCR7+CD45RO+; effector memory (TEM) 
CCR7-CD45RO+; T-effector (TEFF) CCR7-CD45RO-.

Analysis of Cultured T Cells  

Upon harvest, T cells were stimulated with phorbol 12-myristate 13-acetate (PMA) and ionomycin for 4 hours at 37°C. 
Brefeldin A (BFA) was added during the final 2 hours to inhibit cytokine secretion. Cells were then subjected to intracellular 
staining for TNF-α and IFN-γ. The frequencies of TNF-α+ and IFN-γ+ cells within the CD8+ T cell population were 
subsequently analyzed. Intracellular granzyme B levels were assessed in unstimulated expanded CD8+ T cells. Cytotoxic 
activity was evaluated using a flow cytometry-based assay. NALM-6 tumor target cells were labeled with CellTrace™ Violet 
according to the manufacturer’s instructions and co-cultured with expanded T cells at effector-to-target (E:T) ratios of 3:1, 
1:1, and 0.3:1 in ImmunoCult™-XF medium without cytokine supplementation in a 96-well U-bottom plate. A bispecific 
antibody cocktail targeting both T cells and tumor cells was added to facilitate target cell killing. After 4 - 5 hours of 
co-culture, cells were washed with PBS and stained with annexin V and DRAQ7 prior to analysis. % Killing was determined 
by the frequency of annexin V+ target cells. 

Functionality of Expanded T Cells
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FIGURE 2. T Cell Activation and Expansion in G-Rex Bioreactors with ImmunoCult™ Reagents.
Isolated human T cells were activated with ImmunoCult™ Human CD3/CD28/CD2 T Cell Activator at 6.25 or 25 µL/mL in 
ImmunoCult™-XF Medium supplemented with rhIL-2. Cells were expanded either in a G-Rex®6M Plate for 10 days (A - F) or in a 
G-Rex®50M system for 7 days (G and H) following the protocol in Figure 1A. (A) The composite bar and scatter graphs represent 
the average cumulative fold expansion and cell viability, respectively. (B) Surface cell densities were assessed on Day 10. A reduced 
dose of activator was able to yield ~4 × 107 T cells/cm², reaching the maximum capacity of the device. (C) The frequency of CD8+ 
T cell subsets was analyzed. By Day 10, the expanded T cell population comprised both central and effector memory subsets. 
(D) The surface density of central memory T cells (CD45RO+CCR7+) is shown. In all conditions, the number of central memory 
T cells exceeded 2 × 106 cells/cm², corresponding to a total of approximately 2 × 107 cells per well. (E) The frequency of LAG-3 
expression among CD8+ T cells ranged from 20 - 50%, whereas TIM-3 and PD-1 expression levels were consistently below 10%. 
(F) The expanded T cells exhibited a robust cytotoxic capacity when co-cultured with NALM-6 tumor cells. (G) Cumulative fold 
expansion, cell viability, and (H) surface cell density were evaluated following a 7-day short-term T cell expansion using the 
G-Rex®50M system. Yields of more than 2 x 107 cells/cm2 (> 1 × 109 cells per device) were achieved  with the lower activator dose. 
Data represented as the mean from two independent donors, with each dot corresponding to an individual donor.

FIGURE 3. Expansion of Activated T Cells in the Xuri™ W25 Bioreactors Using ImmunoCult™ Reagents.
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T cells were activated with 25 µL/mL of ImmunoCult™ Human CD3/CD28/CD2 T Cell Activator in ImmunoCult™-XF medium 
supplemented with IL-2. Expansion was carried out in 2 L Cellbag™ bioreactors on the Xuri™ platform, following the protocol 
outlined in Figure 1B. (A) Cumulative fold expansion (bars) and viability (scatter graphs) over a 10-day culture period. 
Approximately 92.7% cell viability and a total fold expansion of 503 ± 51 were achieved by day 10. (B) The number of T cell 
subtypes in CD8+ populations are shown. Cell numbers were calculated based on 1 x 106 starting T cells. The number of central 
memory T cells peaks on day 7 and remains constant until day 10. (C) The frequency of T cells expressing PD-1, TIM-3, and LAG-3 
increased by day 3 and subsequently decreased from day 3 to day 10. (D) The frequencies of expanded T cells expressing IFN-γ 
and TNF-α upon stimulation with PMA & ionomycin are 73.2 ± 11.4% and 93.8 ± 1.3%, in the CD8+ population. Additionally, 
the frequency of expanded CD8+ T cells producing granzyme B without further stimulation is 37.7 ± 6.8%. Data represented as 
mean ± SEM (n = 3 - 5).

FIGURE 4. Expansion of T Cells in PBS-MINI MagDrive Bioreactors Using ImmunoCult™ Reagents.
T cells were activated with 25 µL/mL of ImmunoCult™ Human CD3/CD28/CD2 T Cell Activator in ImmunoCult™-XF medium 
supplemented with IL-2. Expansion was carried out in PBS-MINI MagDrive Bioreactors following the protocol outlined in Figure 1C. 
(A) Cumulative fold expansion (bars) and viability (scatter graphs) over a 10-day culture period. Approximately 94.5% cell viability 
and a total fold expansion of 614 ± 108 were achieved by day 10. (B) The number of T cell subtypes in CD8+ populations are 
shown. Cell numbers were calculated based on 1 x 106 starting T cells. The number of central memory T cells peaks on day 7 and 
remains constant until day 10. (C) The frequency of T cells expressing PD-1, TIM-3, and LAG-3 increased by day 3 and subsequently 
decreased from day 3 to day 10. (D) A representative flow cytometry plot showing frequencies of IFN-γ- and TNF-α-producing cells 
in CD8+ T cell populations upon PMA & ionomycin stimulation and a histogram showing the frequency of granzyme B-producing 
cells among unstimulated CD8+ T cells. Data represented as mean ± SEM (n = 4).
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