
Summary

Induced pluripotent stem (iPS) cell-derived lymphocytes (e.g., T cells and NK 
cells) have shown clinical promise to treat hematological malignancies due 
to high cytotoxic effects. More recently, myeloid cell therapies (e.g., 
monocytes and macrophages) have grown in interest due to their ability to 
infiltrate and modulate a cancerous solid tumor environment. Despite 
preliminary success, several challenges remain, including poor infiltration of 
cytotoxic lymphocytes into solid tumors and insufficient cytotoxicity of 
myeloid cells. We hypothesized that a multi-cell-type therapy comprising 
both lymphocyte and myeloid cells may work synergistically to overcome the 
limitations of each cell type, enhancing the overall cytotoxicity and efficacy. 
Here we report advances in the generation of a scalable bioreactor-based 
process for parallel differentiation of mRNA reprogrammed iPS cells into 
both CD14+ (>95% positive) macrophages and CD56bright/CD16dim NK cells, 
that can be combined to form a multi-cell type therapy. 

Figure 2.  Morphology of iPSC to macrophage progenitor cells in 
the T75 and Bioreactor. iPSCs formed uniform aggregates. EB’s 
plated into the T75 adhered after 24 hours, and remained highly 
confluent over the culture period. CD14+ cells budded off of the T75 
throughout the culture period. CD14+ cells in the bioreactor 
maintained their morphology. Cells harvested from suspension 
culture would adhere quickly to cell bind plates when removed.

Figure 1.  Overview of scalable iPSC differentiation into lymphoid 
and myeloid cells. On D0, iPSCs were thawed directly into a PBS 0.1L 
vertical wheel bioreactor at 40,000 cells/mL and allowed to recover in 
mTeSR+. After cells had formed aggregates (> 50 µm), a 100% media 
change was performed and all aggregates were placed in EB 
formation media to generate CD34+ embryoid bodies (EB’s). After 12 
days in EB media (D18), EBs were harvested from the bioreactor and 
divided into further lymphoid or myeloid differentiation. For 
lymphoid differentiation, EB’ s were dissociated and placed into static 
6 well plates. Cells remained in lymphoid progenitor media for 2 
weeks followed by NK media for 2 weeks (46 days total). For myeloid 
lineage were harvested as EBs, and plated into a coated T75 at 1 EB 
per cm^2 in macrophage progenitor media. After 10 days, CD14+ cells 
began to bud off of the EBs. After 14 days in the T75, (D32), cells in 
suspension were harvested from static and seeded into a new PBS 
0.1L bioreactor. Cells were maintained in both the T75 and bioreactor 
for >70 days (>D88) and maintained a high viability (>95%).

Figure 4.  The sum of the viable macrophage progenitor cells harvested from the T75 and 
bioreactor throughout the culture period. Cells were harvested throughout the duration of 
the culture period while being maintained in macrophage progenitor media. Cells were 
characterized via flow cytometry and cytokine secretion. Functional assessment via 
cytotoxicity and transfection were performed. The T75 was seeded at ~1 EB/cm2, <1M cells. 
Throughout the culture period >80 days, over 80M CD14+ cells were harvested from the T75. 
On D0 of the bioreactor culture, 8M cells were seeded. Over 70 days, 180M CD14+ cells were 
harvested. Cells maintained high viability (>95%) while in culture. *indicates when a large 
harvest (>50% of total cells) was performed.

Figure 5.  Assessing baseline macrophage cytotoxicity. The cytotoxicity of macrophage 
progenitor cells was measured after a 24 hours and 1 week of co-incubation period with an ovarian 
cancer cell line (SKOV3) at a 5:1 E:T ratio. The percent dead was determined via a live/dead stain 
(7-AAD). After 24 hours or 1 week, cells were harvested and stained with CD45 to differentiated 
between the effector cells (CD45+) and the  target cancer cells (CD45-). Cytotoxicity was determined 
by the percentage CD45- cells (x axis) that were also 7-AAD positive (y axis). Baseline cancer cell 
death was accounted for by subtracting the average spontaneous cancer cell death from the 
percent killed in the presence of the macrophages. Macrophages were more effective at killing 
SKOV3 cells over a longer timepoint. Increased clustering was seen after 72 hours.

Figure 6.  mRNA Transfection of macrophages. Cells were 
transfected with 1ug/1M cells of mRNA encoding a GFP protein or 
humanized ROR1-CAR protein. Cells were either removed and 
plated in static and allowed to recover for 48 hours prior to 
transfection or maintained in suspension culture and the mRNA 
was delivered via toRNAdo. ROR1-CAR expression was visualized 
using an RPE- labelled ROR1 recombinant protein.

Figure 7.  Morphology of NK cells on the final 
day of the differentiation protocol versus 24 
hours post thaw. NK cells maintained their 
uniform, round cell shape and size after being 
cryopreserved in CryoStor10. Cells were 
cryopreserved using Cryostor10 (6M/mL). 
During thaw, cells had 88% viability and a 70% 
recovery per vial ~4M cells.

Figure 8.  Lymphoid Cell expansion 
throughout differentiation. Cells had 
the highest expansion after seeding the 
dissociated EB’s into static 6 well plates. 
Cells continued to expand during the 
static NK stage.

Figure 9.  Effect of cryopreservation on the cytotoxicity of NK cells. The cytotoxicity of NK cells 
was measured after a 24 hour co-incubation period with the target cancer cell lines (Lymphoblast 
K562 cells, ovarian cancer SKOV3 cells) at a 5:1 E:T ratio. The percent dead was determined via a 
live/dead stain (7-AAD). K562 cells were stained with CFSE prior to incubation. NK cells and SKOV3 cells 
were stained with CD45. Cytotoxicity was determined by the percentage of either cFSE stained target 
K562 cells or CD45- SKOV3 cells (x axis) that were also 7-AAD positive (y axis). Baseline cancer cell 
death was accounted for by subtracting the average spontaneous cancer cell death from the percent 
killed in the presence of the NK cells. Cryopreservation decreased the cytotoxicity of NK cells, however 
they were much more cytotoxic than isolated frozen CD56+ cells. 

Figure 10.  Flow Cytometry of Fresh versus cryopreserved Cytotoxic 
Lymphocytes. The flow data shown was performed with the addition 
of a human fc blocker. The AttuneNXT was used for data collection. 
Desired NK characterization (CD56bright/CD16dim ) was maintained 
after cryopreservation. TCR and CD7 remained unchanged, as well as 
maintenance of key negative markers (CD11b, CD14, CD19).

Figure 3.  Flow Cytometry of Macrophage 
progenitor cells overtime. The flow data 
shown was performed with the addition of 
a human fc blocker. The AttuneNXT was 
used for data collection. Cells in the T75 
had improved surface marker expression 
after D14, and maintained high levels of 
expression for key myeloid and 
macrophage markers (>90% for CD14, 
CD33, CD45) and were negative for key 
lymphoid markers (<10% CD5, CD19, CD56, 
HLA-DR).
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Conclusions

Here we describe a scalable, bioreactor based platform for generating iPS 
cell-derived multi-cell-type cell therapies comprising both lymphoid and 
myeloid cells. CD14+ macrophage progenitor cells can be maintained for 
over 70 days in culture and maintain expected surface marker expression, 
high viability, and cytotoxic effect. CD56+ lymphoid cells can be 
cryopreserved while maintaining surface marker expression, cytokine 
release and cytotoxicity. Further, the iPSC derived CD14+ and CD56+ had 
higher SKOV3 killing than the isolated CD14+ and CD56+ PBMC’s. This 
platform may support the development of a multi-cell type therapy. We 
demonstrate that, much like the natural cellular immune response, these 
cells act synergistically to kill tumor cells in vitro. By more closely mimicking 
natural cellular immunity, multi-cell-type cell therapies represent a new class 
of cell therapies that may play an important role in the development of new 
medicines to treat cancer.
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Figure 13.  iPSC derived immune cell 
clustering. iPSC derived NK and 
macrophages were seeded with U2OS and 
SKOV3 cells at a 5:1 E:T ratio. After 24 hours, 
there was increased cell clustering when the 
two cell types were combined. NK cells were 
thawed and seeded directly into the assay. 
Cells were harvested fresh from the T75 
(D83) and bioreactor (D68). When the two 
cell populations were combined, there was 
increased cell clustering in both U2OS and 
SKOV3 cells. 
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Figure 11.  Isolated hu-PBMC mixed cell 
type cytotoxicity assay. CD14+ and CD56+ 
cells were isolated from fresh huPBMC’s 
and immediately co-incubated with SKOV3 
cancer cells. Cells were activated using IL2 
and MCSF. After 24 hours, cells were 
harvested and flowed on the AttuneNXT. 
The CD14+/CD56+ cells showed synergistic 
tumor cell killing of SKOV3 ovarian cancer 
cells (combined: 15.6%; macrophage alone = 
2.2% (p<0.01); NK alone = 7.5% (p<0.05); E:T 
= 5:1). The combined cells showed 
increased clustering and tumor cell 
engagement.
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Figure 12.  iPSC derived immune cell clustering. iPSC derived NK and macrophages were seeded with 
U2OS and SKOV3 cells at a 5:1 E:T ratio. After 24 hours, there was increased cell clustering when the two 
cell types were combined. NK cells were thawed and seeded directly into the assay. Cells were harvested 
fresh from the T75 (D83) and bioreactor (D68). When the two cell populations were combined, there was 
increased cell clustering in both U2OS and SKOV3 cells. 


