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Bleeding… It’s a problem.



Bleeding… It’s a problem.



Bleeding is a 

leading cause 

of death 

worldwide

2 million 

platelet units 

transfused 

annually in US

Enhancing 

platelets is a 

potential 

solution

Bleeding… It’s a problem.

Platelets are 

challenging to 

genetically 

modify ex vivo 



There are barriers to genetically modifying platelets

Platelets contain all the 

translational machinery required 

for protein synthesis
Resting

Platelets

(Low CD62P)

Activated

Platelets

(High CD62P)

Environmental Signals

Sheer Stress

Chemical Exposure

Can platelets be genetically 

modify by transfection with 

mRNA?

Platelets are highly sensitive to 

their environment

Platelets lack DNA



Donor platelets expressing

Exogenous protein

mRNA - Lipid Nanoparticles (LNP)

Modification by delivery of nucleic acids

(Transfection)

Platelet engineering to create cell therapies 
using mRNA-lipid nanoparticles

J. Leung*, C. Strong*, KE Badior*, M Robertson, X Wu , MA Meledeo, E Kang, M Paul, Y Sato, H Harashima, Cap AP, D Devine, 

E Jan, PR Cullis, CJ Kastrup, Science Advances, 2023

Hypothesis: 

Platelets transfected with optimized mRNA elements will express exogenous protein.

Donor platelets



• Compatible with blood banking processes

•  More available and similar to circulating platelets, than platelet-like particles 

produced in vitro from stem cells production 

•  Faster to administer than bone marrow transplant

Direct transfection of donor platelets has advantages 
compared to approaches using stem cells 



Our approach to creating platelet cell therapies

Optimize mRNA-LNP 

Composition for Platelet 

Transfection 

Ionizable 

Lipid

Maximal Protein Expression

Minimal Platelet Activation

Characterize transfected 

platelets and optimize 

the platform for clinical 

compatibility

Retained responsiveness 

Coagulability 

Morphology

Evaluate mRNA-LNP 

products in vivo  

Hemostasis

Circulation

Cargo Exchange/Transfer



Why Does the Kastrup Lab Care about Blood Clotting?

Use lipid formulations developed by
 Pieter Cullis (UBC) and Marco Ciufolini (UBC)

Similar formulations approved by FDA in 2018 (ONPATTRO) and in two SARS-CoV-2 
mRNA in vaccines (Pfizer/BioNTech/Acuitas and Moderna)

Lipid nanoparticles (LNPs) delivery mRNA into cells

Ionizable lipids self-assemble into LNP under acidic condition with RNA.

Ionizable Lipid



Why Does the Kastrup Lab Care about Blood Clotting?
Lipid nanoparticles (LNPs) delivery mRNA into cells

Ionizable Lipid

Ionizable lipids self-assemble into LNP under acidic condition with RNA.



Protein Expression mRNA uptake into platelets

+

Washed 

Platelets
Free RNA

Why Does the Kastrup Lab Care about Blood Clotting?`

Platelets require specialized transfection agents 

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



+

Washed 

Platelets

Commercial 

Reagents

Why Does the Kastrup Lab Care about Blood Clotting?`

Platelets require specialized transfection agents 

Protein Expression mRNA uptake into platelets

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



+

Washed 

Platelets

Lipid 

Nanoparticles

Why Does the Kastrup Lab Care about Blood Clotting?`

Platelets require specialized transfection agents 

Protein Expression mRNA uptake into platelets

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



10-100 fold increase in luminescence depending on LNP formulation+

Washed 

Platelets

Lipid 

Nanoparticles

Why Does the Kastrup Lab Care about Blood Clotting?`

Platelets require specialized transfection agents 

Protein Expression mRNA uptake into platelets

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



Our approach to creating platelet cell therapies

Characterize transfected 

platelets and optimize 

the platform for clinical 

compatibility

Optimize mRNA-LNP 

Composition for Platelet 

Transfection 

Ionizable 

Lipid

Maximal Protein Expression

Minimal Platelet Activaiton

Retained responsiveness 

Coagulability 

Morphology

Evaluate mRNA-LNP 

products in vivo  

Hemostasis

Circulation

Cargo Exchange/Transfer



Platelets can be engineered with mRNA-LNP

directly in their storage media

C. Strong*, J. Leung*, E. Kang*… D Devine, E Jan, PR Cullis, CJ Kastrup, Blood, 2024
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mRNA-LNP transfected platelets maintain their 

response to agonists and contribute to clot formation and stiffness
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mRNA-LNP transfected platelets have normal 

morphology

A B

C D E F

G

Figure 5

No Agonist ADP 
(10 µM)

Thrombin 

(0.1 U mL-1)

CaI 
(1uM)

CRP-XL 

(5 µg mL-1)

0

10000

20000

30000

40000

0

20

40

60

80

100

P
la

te
le

t 
A

c
ti

v
a
ti

o
n

:
C

D
6

2
P

 M
F

I

No LNP

mRNA-LNP

ns

ns
ns ns

ns

C
D

6
2
P

+
 P

la
te

le
ts

 (%
)

0 10 20 30

0

20

40

60

80

Time (min)

C
lo

t 
F

ir
m

n
e
s
s
 

(m
m

)

No LNP
mRNA-LNP

ns

No 
LNP

mRNA-
LNP

CaI 
(1uM)

0

100

200

300

400
300000

400000

500000

600000

0

1

2

3
50
60
70
80
90
100

P
la

te
le

t 
A

p
o

p
to

s
is

:
A

n
n

e
x
in

 V
 M

F
I 
(A

.U
.)

 

A
n

n
e
x
in

 V
+ P

la
te

le
ts

 (%
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

C
lo

t 
T

im
e
 (

s
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

100

a
 A

n
g

le
 (

o
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

M
a
x

im
u

m
 C

lo
t 

F
ir

m
n

e
s

s
 (

m
m

)

ns

A B

C D E F

G

Figure 5

No Agonist ADP 
(10 µM)

Thrombin 

(0.1 U mL-1)

CaI 
(1uM)

CRP-XL 

(5 µg mL-1)

0

10000

20000

30000

40000

0

20

40

60

80

100

P
la

te
le

t 
A

c
ti

v
a
ti

o
n

:
C

D
6

2
P

 M
F

I

No LNP

mRNA-LNP

ns

ns
ns ns

ns

C
D

6
2
P

+
 P

la
te

le
ts

 (%
)

0 10 20 30

0

20

40

60

80

Time (min)

C
lo

t 
F

ir
m

n
e
s
s
 

(m
m

)

No LNP
mRNA-LNP

ns

No 
LNP

mRNA-
LNP

CaI 
(1uM)

0

100

200

300

400
300000

400000

500000

600000

0

1

2

3
50
60
70
80
90
100

P
la

te
le

t 
A

p
o

p
to

s
is

:
A

n
n

e
x
in

 V
 M

F
I 
(A

.U
.)

 

A
n

n
e
x
in

 V
+ P

la
te

le
ts

 (%
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

C
lo

t 
T

im
e
 (

s
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

100

a
 A

n
g

le
 (

o
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

M
a
x
im

u
m

 C
lo

t 
F

ir
m

n
e
s
s

 (
m

m
)

ns

Activated Platelet

A B

C D E F

G

Figure 5

No Agonist ADP 
(10 µM)

Thrombin 

(0.1 U mL-1)

CaI 
(1uM)

CRP-XL 

(5 µg mL-1)

0

10000

20000

30000

40000

0

20

40

60

80

100

P
la

te
le

t 
A

c
ti

v
a
ti

o
n

:
C

D
6

2
P

 M
F

I

No LNP

mRNA-LNP

ns

ns
ns ns

ns

C
D

6
2
P

+
 P

la
te

le
ts

 (%
)

0 10 20 30

0

20

40

60

80

Time (min)

C
lo

t 
F

ir
m

n
e
s
s
 

(m
m

)

No LNP
mRNA-LNP

ns

No 
LNP

mRNA-
LNP

CaI 
(1uM)

0

100

200

300

400
300000

400000

500000

600000

0

1

2

3
50
60
70
80
90
100

P
la

te
le

t 
A

p
o

p
to

s
is

:
A

n
n

e
x
in

 V
 M

F
I 
(A

.U
.)

 

A
n

n
e
x
in

 V
+ P

la
te

le
ts

 (%
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

C
lo

t 
T

im
e
 (

s
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

100

a
 A

n
g

le
 (

o
)

ns

N
o L

N
P

m
R
N
A
-L

N
P

0

20

40

60

80

M
a
x
im

u
m

 C
lo

t 
F

ir
m

n
e
s
s

 (
m

m
)

ns

Resting Platelet LNP Transfected Platelet

C. Strong*, J. Leung*, E. Kang*… D Devine, E Jan, PR Cullis, CJ Kastrup, Blood, 2024



Our approach to creating platelet cell therapies

Characterize transfected 

platelets and optimize 

the platform for clinical 

compatibility

Optimize mRNA-LNP 

Composition for Platelet 

Transfection 

Ionizable 

Lipid

Maximal Protein Expression

Minimal Platelet Activation

Retained responsiveness 

Coagulability 

Morphology

Evaluate mRNA-LNP 

products in vivo  

Hemostasis

Circulation

Cargo Exchange/Transfer



Baseline Post-trauma
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No statistical difference in 
bleed time or blood loss

Edited platelets are tolerated in vivo and 
contribute to hemostasis

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023

B
as

el
in

e

End o
f T

ra
um

a

End o
f H

em

60
m

in

90
m

in

12
0m

in

A
ft
er

 T
ra

nsf
usi

on

A
ft
er

 K
B
T

0

20

40

60

80

100

120

140

160

MAP

m
m

H
g

PLT Treated PLT

B
as

el
in

e

E
nd o

f T
ra

um
a

E
nd o

f H
em

60
m

in

90
m

in

12
0m

in

A
ft
er

 T
ra

nsf
usi

on

A
ft
er

 K
B
T

0

50

100

150

200

250

300

350

400

HR

B
e
a
ts

/m
in

PLT Treated PLT

Baseline 2HR

0

100

200

300

400

500

KBT
S

e
c

o
n

d
s

Treated PLTPLT

Baseline 2HR

0.00

0.05

0.10

0.15

Bleeding Amount

m
l

Treated PLTPLT

Baseline 2HR

0

50

100

150

200

250

300

350

400

450

500

CT

S
e
c
o

n
d

s

PLT Treated PLT

Baseline 2HR

0

50

100

150

200

250

300

350

400

450

500

CFT

S
e
c
o

n
d

s

PLT Treated PLT

Baseline 2HR

0

20

40

60

80

100

Alpha Angle

D
e

g
re

e

PLT Treated PLT

Baseline 2HR

0

20

40

60

80

100

MCF

m
m

PLT Treated PLT

Baseline 2HR

0

5

10

15

20

WBC Count

1
0

3
/μ

l

Treated PLTPLT

Baseline 2HR

0

2

4

6

8

RBC Count

1
0

6
/μ

l

PLT Treated PLT

Baseline 2HR

0

2

4

6

8

10

12

14

16

Hb

g
/d

l

PLT Treated PLT

Baseline 2HR

0

500

1000

1500

Platelet Count

1
0

3
/μ

l

Treated PLTPLT

CB D E

JI K L

NM O P

Baseline 2HR

12

16

20

24

28

PT

S
e
c

o
n

d
s

Treated PLTPLT

Baseline 2HR

12

16

20

24

28

32

36

40

aPTT

S
e
c
o

n
d

s

PLT Treated PLT

Baseline 2HR

0

40

80

120

160

200

Fibrinogen

m
g

/d
l

PLT Treated PLT

GF H

A

Rat model of polytrauma 

Expect no difference in bleeding
(mRNA expresses luciferase) 

•  With Andre Cap, Adam Meledeo & Xiaowu Wu

(US Army Institute of Surgical Research)
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•  With Andre Cap, Adam Meledeo & Xiaowu Wu (US Army Institute of Surgical Research)

Transfection of rat platelets Rat model of polytrauma 

Expect no difference in bleeding
(mRNA expresses luciferase) 

Can edited platelets be transfused and contribute to hemostasis?



Protein Expression

Platelets express nanoLuc 
~20% labeled for LNP

Pre-
transfusion
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Transfected platelets circulate after transfusion

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023
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LNP-platelets were 
diluted 20-fold upon 

transfusion. 

Transfected platelets circulate after transfusion

Protein Expression

Platelets express nanoLuc 
~20% labeled for LNP

Pre-
transfusion

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



0 50 100 150 200

Luminescence

(RLU/µg total protein)

Post
transfusion

LNP-platelets were 
diluted 20-fold upon 

transfusion.

 NanoLuc detected 
in platelets,

~1% labeled for LNP 
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Transfected platelets circulate after transfusion

Protein Expression

Platelets express nanoLuc 
~20% labeled for LNP

Pre-
transfusion

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023
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Edited platelets are tolerated in vivo and contribute to hemostasis

J. Leung*, C. Strong*, KE Badior*, et al. Science Advances, 2023



LNP-treated Platelets Localize to Wound
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LNP-treated Platelets Localize to Wound
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LNP-treated Platelets Localize to Wound
Platelets naturally circulate to and accumulate at extra-hepatic disease sites, 

where they interact with a wide variety of other cell types. 

Platelets

+

mRNA-LNP

Modified 

Platelets

Platform Technology

Improved 

Transfusions

Targeted

Therapeutics

Research 

Tool

RNA-Modified Platelets

A Current Direction: Using transfusable platelets to locally deliver RNA and protein



LNP-treated Platelets Localize to Wound
Platelets naturally circulate to and accumulate at extra-hepatic disease sites, 

where they interact with a wide variety of other cell types. 

A Current Direction: Using transfusable platelets to locally deliver RNA and protein

Modified 

Platelets



Why Does the Kastrup Lab Care about Blood Clotting?

Future: Controlling protein production in all tissues 

Expression of protein from mRNA-LNP in the bone marrow

Luciferace mRNA

Scrambled RNA

mRNA
scRNA    mLuc  

Ferraresso F, Badior K, Seadler M, Wietrzny A, Zhang Y, Cau MF, Haugen A, Dyer MR, Cullis PR, Jan E, Kastrup CJ
 Molecular Therapy – Methods & Clinical Development  2024



LNP-treated Platelets Localize to Wound
Transfusable platelets as a versatile product to treat extra-hepatic diseases and conditions

Example applications: transfusable RNA-loaded platelets
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