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ABSTRACT 

The invention provides culture platforms, cell media, and methods of differentiating pluripotent 

cells into hematopoietic cells. The invention further provides pluripotent stem cell-derived 

hematopoietic cells generated using the culture platforms and methods disclosed herein, which 

enable feed-free, monolayer culturing and in the absence of EB formation. Specifically, 

pluripotent stem cell-derived hematopoietic cell of this invention include, and not limited to, 

iHSC, definitive hemogenic endothelium, hematopoietic multipotent progenitors, T cell 

progenitors, NK cell progenitors, T cells, NK cells, NKT cells and B cells.  
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METHODS AND COMPOSITIONS FOR INDUCING HEMATOPOIETIC CELL 

DIFFERENTIATION 

RELATED APPLICATION 

[0001] This application is a divisional of Australian Application No. 2023203874 filed 20 

June 2023, which is a divisional of Australian Application No. 2016348342 filed 26 July 2016, 

is related to PCT/US2016/044122, and claims priority from U.S. Provisional Application No. 

62/251,016 filed 4 November 2015; International Application Number PCT/US16/14918 filed 

26 January 2016; and U.S. Provisional Application No. 62/337,093 filed 16 May 2016, the 

disclosure of each of which is incorporated by reference in its entirety herein for all purposes.  

FIELD OF INVENTION 

[0002] The invention relates generally to compositions and methods for manufacturing cells 

of all hematopoietic lineages from pluripotent stem cells. In particular, the invention relates to 

improved culture platforms for manufacturing cells of all hematopoietic lineages from 

pluripotent stem cells including human induced pluripotent stem cells. 

BACKGROUND 

[0003] Human induced pluripotent stem cell (hiPSC) technology represents a highly 

promising and potentially unlimited source of therapeutically viable hematopoietic cells for the 

treatment of numerous hematological and non-hematological malignancies including cancer. To 

advance the promise of hiPSC and genomically engineered hiPSC technology as an allogeneic 

source of hematopoietic cellular therapeutics, it is essential to be able to efficiently and 

reproducibly generate not only hematopoietic stem and progenitor cells (HSCs) but also 

immune effector populations, including the diverse subsets of T, B, NKT, and NK lymphoid 

cells, and progenitor cells thereof.  

[0004] The in vitro derivation of HSCs with the potential to generate lymphocytes is 

complicated by the existence of at least two temporally and spatially distinct waves of blood 

formation during embryonic development: primitive and definitive hematopoiesis. Primitive 

hematopoiesis initiates in the extraembryonic yolk sac and generates a transient and restricted
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1a 

hematopoietic repertoire mainly including primitive erythroid and myeloid cells, but not HSCs. 

Nascent HSCs only emerge later during the definitive wave from a specialized endothelial 

progenitor within the arterial vasculature termed definitive hemogenic endothelium (HE). 

Definitive HE then undergoes an endothelial-to-hematopoietic transition to give rise to HSCs, 

[TEXT CONTINUES PAGE 2]
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Glutamine
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Platforms for CD34+ hemogenic endothelium (HE) and multipotent progenitors (MPP)
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Platforms for CD34* hemogenic endothelium (HE) and T cell progenitors
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Platforms for CD34* hemogenic endothelium (HE) and NK cell progenitors
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iPSC-derived CD34+ population contains the CXCR4- CD73- hemogenici endothelium population
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iPSC-derived CD34+ population contains the CXCR4- CD73- hemogenic endothelium population

Day 10

10

29.0

10

CD34

103

1,750,000

10²

0

11.7X

23.3X

0

10³

10

10

CD43

1.7X

5/61

129,415

Day 0

Day 6

CD34

20
26

20
15

75
   

   
02

 M
ar

 2
02

6

2
0
2
6
2
0
1
5
7
5
 
0
2
 
M
a
r
 
2
0
2
6

iPSC-derived CD34+ population contains the CXCR4- CD73- hemogenic endothelium population

0

0



iPSC-derived CD34+ population contains the CXCR4- CD73- hemogenic endothelium population
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FIG. 5C
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iCD34 cells are multipotent and presentative of the definitive hematopoietic state.
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Oxygen concentration plays a role in IPSC derived hematopoietic differentiation.
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Oxygen concentration plays a role in IPSC derived hematopoietic differentiation.
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Control
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Day 8 differentiation cultures can be shipped overnight to generate iCD34 and iHE cells upon delivery.
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iPSC-derived, iCD34 differentiated towards T cells.

Early T cell lineage markers

Mature T cell lineage markers
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iPSC-derived, iCD34 differentiated towards T cells.

iCD34+ cells

CD7 VS. CD34
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Early NK lineage markers
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iPSC-derived, iCD34 differentiated towards NK cells.

Mature NK lineage markers
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Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation

Embryoid Body Formation
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Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation

E
m
b
r
y
o
i
d
 
B
o
d
y
 
F
o
r
m
a
t
i
o
n

C
D
3
4

0

e
x
p
r
e
s
s
i
o
n
.



Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation

Monolayer at day 7

Day 8 (HE)
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hiPSCs were seeded as monolayer and differentiated for 8 days prior to analysis for CD34, 43,

CXCR4 and CD73.
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Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation
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Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation
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CD34 positive cells were counted and plotted over time for both monolayer and EB

mediated hematopoietic differentiation.

20
26

20
15

75
   

   
02

 M
ar

 2
02

6

2
0
2
6
2
0
1
5
7
5
 
0
2
 
M
a
r
 
2
0
2
6

Monolayer hiPSC hematopoietic differentiation platform allows for a scalable expansion

strategy that is not seen during EB formation
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Pluripotent Cell Clonal Expansion: Off-the-Shelf Scalability and Product

Consistency

1 Pluripotent Clone ->-> "1M vials of 1x10 iCD34+ cells
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Pluripotent Cell Clonal Expansion: Off-the-Shelf Scalability and Product

1 Pluripotent Clone ->-> "1M vials of 1x10 iCD34+ cells
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Immune-regulatory properties of iCD34+ cells.

ICD34+ cells decreases CD3+ T cell survival

CD3+ T cells do not affect iCD34+ cell survival
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iPSC-derived, iCD34 cells differentiated towards T cells.
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Feeder-based suspension culture supports the maturation of iCD34-derived

NK cells.
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iCD34-derived iNK respond to cytokine stimulation to secrete pro-
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Stromal-free differentiation of UCB CD34+ cells towards NK cells
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Stromal-free differentiation of iPSC-derived iCD34+ cells towards NK cells
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Stromal-free differentiation of UCB CD34+ cells towards T cells.
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Stromal-free differentiation of iPSC-derived iCD34+ cells towards T cells.
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FIG. 22
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Modulation of WNT signaling improves pan hematopoietic and lymphoid

output from iCD34 cells
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HLA class I null iPSCs differentiate into iCD34 HE and can be

further differentiated into pan-hematopoietic and
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Day 10+7

WT B2M/-

&
2.66 of 14.4

"
OF

...

%CD34-PE-Cy7

ind

a
12.9 38.4

a
is n°

=
in?

*
0" 10"

&
18

102 4.
a -

SSC-A

FIG. 32C

Day 10+10

WT B2M/-
18.8 4.50 10.4

CD7

39.1 32.5 53.4 31.7

CD56

FIG. 32D

20
26

20
15

75
   

   
02

 M
ar

 2
02

6

M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
5
7
5
 
0
2

D
a
y
 
1
0
+
7

W
T

4
2
.
6
6

1
4
.
4

4
,

%

1
2
.
9

3
8
.
4

.
à

4
,

S
S
C
-
A

D
a
y
 
1
0
+
1
0

W
T

B
2
M
/
-

1
8
.
8

4
.
5
0

1
0
.
4

3
9
.
1

3
2
.
5

5
3
.
4

3
1
.
7

C
D
5
6



Wild Type

10

0.021

0.20

10

0.17

0.14

104

10
all

D10

10³w

10³and

49/61

Empty

0

0

3

36.6

98.9

0.77

10³

-10³

-10³

10³

10

-10³

0

10³

10

10

FIG. 33

20
26

20
15

75
   

   
02

 M
ar

 2
02

6

2
0
2
6
2
0
1
5
7
5
 
0
2
 
M
a
r
 
2
0
2
6

a
l
l

w

E
m
p
t
y

0
30

3

0



Modulation of HLA class I on iPSC increases persistence of

PSC in immune-competent recipients
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HLA class I modulated iPSC can generate

functional CD34+HE
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HLA class I modulated iPSC can generate
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iPSC genetically engineered to express the high-affinity CD16

receptor and 41BBL costimulatory molecule retain expression

throughout differentation to iCD34 cells
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iPSC genetically engineered to express the high-affinity CD16

receptor and 41BBL costimulatory molecule retain expression

throughout differentation to iCD34 cells
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CAR-T derived iPSC retains the CAR
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CAR-T derived iPSC retains the CAR
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Off-The-Shelf Targeting Strategy for Engaging Cancer and Other Diseases with the
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HACD16 iPSC maintain CD16 expression during iNK differentiation
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