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Gekweekte rode bloed cellen, de toekomst?



For whom?Why?

To avoid 

allo-immunisation

blood borne disease

Novel therapeutic applications

To be less donor dependent

Patients 

with (very) rare bloodgroup antigens

requiring recurrent transfusions

(Thalassemia, Sickle disease)

Functionally enhanced, therapeutic RBC

Basic research on erythropoiesis

Towards transfusion-ready cultured red blood cell

70-75% of all body cells
production: 2 500 000 /sec

2 x 1012 erythrocytes / transfusion unit



In vitro produced erythrocytes: the future!?
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Red cells as carriers of therapeutics, approach

Treatment

patient

donor

Cell penetrating peptide

Hypotonic loading

Drug/cargo

Reactive linker/lipid particles

patient

loading

covalent coupling

Genetic manipulation

In vitro culture

Immortalized cells (iPSC, erythroblasts)

erythroblast



Delivery of therapeutics using in vitro modified cultured and native red blood cells

Why:

Half life of chemotherapy

Half life replacement therapy

immune response to therapeutics

Using red cells as delivery agents, Advantages:

Cargo stability
Cargo concentration
Tolerance against cargo
Treatment of erythrocyte intrinsic defects

Drug/cargo

Linker/vescle

Adjusted from Muzykantov. 
Expert Opin Drug Deliv. 2010

Superior survival of ex vivo cultured human reticulocytes following transfusion into mice
Sabine Kupzig, Stephen F. Parsons, Elinor Curnow, David J. Anstee, and Allison Blair
Haematologica. 2017 Mar; 102(3): 476–483.





7Engineered erythrocytes covalently linked to antigenic peptides can protect against autoimmune disease.
Pishesha et al., 2017, PNAS

Click technology for off the shelf disease specific erythyrocytes



8Engineered erythrocytes covalently linked to antigenic peptides can protect against autoimmune disease.
Pishesha et al., 2017, PNAS

Tolerance induction in a autoimmune model of type 1 diabetes



9Xuqing Zhang et al, 2021 Engineered red blood cells as an off-the-shelf allogeneic anti-tumor therapeutic

Artifical antigen presenting cell



10Xuqing Zhang et al, 2021 Engineered red blood cells as an off-the-shelf allogeneic anti-tumor therapeutic. Nat com.

Artifical antigen presenting cell
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Targetted

Immune modulation



In vitro produced erythrocytes: the future!?
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Erythropoiesis and erythrocytes: the daunting numbers

1-2.1012 erythrocytes in one transfusion bag or unit of blood (around 400ml 

blood or 150-200ml packed)

Production: 2.4 million red blood cells/second 

Blood concentration: 5 million red blood cells/ul 

Average life span: 120 days; travels 450km 

Between 40-48% of blood is erythrocytes

( 20-30 trillion (2-3.1013)

270 million hemoglobin molecules in 1 red blood cell

2.5 grams of Iron is stored in total



Stress erythropoiesis model system
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E/S; delayed differentiation

Pioneered by Hartmut Beug lab; heshusius et al., 2019 blood advances.



Exploting intrinsic “self renewal” potential of erythroblasts

Heshusius et al. Blood advances, 2019
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Yield: from 200ml of blood 1012 erythroblast can be expanded within 24 days, which is
within the range of a unit of blood



Static cultivation is inadequate for large scale production of cRBCs
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Photo by ICSident / CC BY-SA 3.0

2 x 1012 RBCs

~€ 200.000 
per unit

20.000 dishes 
(200l)

120 m2

Cell density

Method of 
cultivation

Removal of 
accumulated inhibitors

Fresh nutrients and GFs 
for proliferation

In vivo-like conditions 
(low shear, O2 

availability)

Biological 
requirements

Technical 
challenges

Media cost

https://commons.wikimedia.org/wiki/File:Ics-codablock-blood-bag_sample.jpg
https://creativecommons.org/licenses/by/3.0/
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Repeated batch cultivation:

250 mL
200 rpm

40% dO2 (air)

PBMCs
Proerythro

blasts
Erythrob

lasts

Day 0 Day 6 Day 9

Similar expansion in dish and bioreactor

bioreactor

Dish/static
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High cell conc. Low cell conc.

0h 12h 24h 36h 0h 12h 24h 36h

*Sum-scaled

glog transformed

Mean centered

Scaled peak 

area*

Metabolomics / multiomics
to improve medium conditions

proteomics + metabolomics

available pathways

Improved perfusion

Towards cost-effective and completely defined culture systems



Synchronised terminal differentiation of erythroblasts 

to enucleated reticulocytesPro-erythroblast

Basophilic normoblast

Polychromatophilic 

normoblast

Orthochromatic 

normoblast

reticulocyte

0h 24h 48h

144h 168h

72h 96h 120h

basophillic

polychromatic orthochromatic

orthochromatic retics

Pro-erythroblasts



Terminally differentiated cells are primarily enucleated

reticulocytes

Cultured 

Enucleated cells

Blood

erythrocytes

GPA-staining



Cultured erythrocyte parameters

HPLC

arteryvenous

pO2

Blood group expression

hemoglobins

Deformability

Oxygen saturation



SCEVAT
Survival of Cultured Erythrocytes in healthy volunteers after Autologous Transfusion. 
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volunteer

Infusion (4)

Enucleated 

cultured erythrocytes

infused into 

volunteer.

Collection (1)

Harvest

PBMC’s 

from 

Volunteers

Blood 

Donation

Processing (2)

Expanding erythroblasts

from (PBMC) and 

differentiation to 

enucleated reticulocytes

Labelled cultured 

reticulocytes (3)

Time point

analysis (5):

•Safety

•Survival of 

cRBC



3-5ml blood
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Aarts C, et al., Stem Cell Res, 2021

Aarts C, et al., Stem Cell Res, 2021

Aarts C, et al., Stem Cell Res, 2021

Hansen M, et al.Stem Cell Res. 2018.

Hansen M, et al.Stem Cell Res. 2017.

Hansen M, et al. Stem Cell Res. 2017

Varga E, et al Stem Cell Res. 2017

Hansen M, et al.Stem Cell Res. 2017

Van den Akker, Hematologica, 2010

Heideveld, Haematologica, 2018

Heideveld, Haematologica, 2015

From iPSC to Cellular products



iERY
EB#38-MEE

50x

CD34-ERY
CD34#3-DonorA

50x

3D iPSC derived erythroblasts differentiate to enucleated reticulocytes

3D-ERY



Culture 
conditions

Limitations
in upscaling
Step by step

• Labor-intensive
• Surface requiring

• Hands on/Labor-intensive
• Uncontrolled size/shape EBs
• Low HCFC potential (8,3%)

• Sensitivity to movement
• Surface requiring?
• Expensive commercial media

• Low expansion potential
• Lower enucleation% vs. HSC-RBCs

1x107

Optimization / Upscaling



In vitro produced erythrocytes: the future!?
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