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The need for new radiation models

- Effects observed in animal models are not necessarily representative of those
seen in humans

- Animal models are expensive, time consuming, and have ethical concerns

- Histological sectioning of bone marrow requires decalcification of the tissue, a
process which destroys important epitope markers

Goal: develop an in vitro model of bone marrow that can be used to discover and
evaluate potential radiation countermeasures
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Media Bone marrow gel

- 3D model containing important aspects of the = /
bone marrow

« Primary human cells

- CD34* hematopoietic stem cells (HSCs) Trabecular
bone scaffold

- Bone marrow stromal cells (BMSC)
- Umbilical vein endothelial cells (HUVECs)

- Cells encapsulated in a hydrogel, which is cast
around a porous 3D printed scaffold
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BMoC supports cell growth and viability

- High viability of the triculture was observed after
10 days of culture in the hydrogel and 3D printed

scaffold

- Various cell morphologies observed with Live/Dead
assay
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Substantial HSC proliferation in BMoC

- HSCs were expanded in culture for 9 days and placed in the BMOC model with
supporting cells (‘Day 9’)

- BMOC were cultured for an additional 10 days

Day 10 Day 14




Proliferation & erythropoiesis in BMoC

_ mRBC BMoC at Day 21
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BMoC supports erythropoiesis

Day 19
=» - Clumps of cells contained
enucleated reticulocytes/
erythrocytes (RBC) measuring
5-8 um in diameter (D19)

CD71/CD235a

=>+ Nuclei ejected from
enucleating RBC (pyrenocytes)
were also found
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BMoC supports differentiation
of myeloid lineage cells

- Cytospins were conducted to identify cell types in the
BMoC gels and in expended media
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Radiation response differs by cell type

0 Gy 10 Gy 20 Gy

- Monocultures of cells in well
plates were irradiated and
assessed with Live/Dead 72
hours later

BMSC

- RS2000 x-ray radiation source
(1.16 Gy/min, 160 kV, 25 mA)

HUVEC

- 10 and 20 Gy had minimal
impact on BMSC and HUVEC

viability, but a profound effect
on HSCs

HSC

calcein AM (live) ethidium homodimer Il (dead)
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CD34" HSC are particularly radiosensitive

- ATP quantification showed a substantial = 0 Gy
increase in metabolic rate in non-irradiated E 2Gy Xk k k%
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Cell proliferation in irradiated BMoC

3,000,000
. Delayed expansion occurred in BMoC o 0 Gy
irradiated with 2 Gy whole those £ 2,000,000
irradiated with 10 Gy did not recover z ; 2 Gy
Eo 1,500,000 C
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cells (HUVEC, bMSC) represented a S oo gt
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Neutrophil production is impacted at 2 Gy

Control 2 Gy
- Even at 2 Gy, neutrophil 109 .86 2.4
production is markedly Rl N
reduced
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is also drastically curtailed at {2
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Summary

Demonstrated differentiation of various blood cell types in a BMoC model

Recapitulated some of the known effects of radiation on hematopoiesis (e.g.,
neutropenia)

Future work will include integrating the BMoC model into a perfusion
bioreactor system and test known countermeasures on hematopoiesis

This BMoC model will enable studies of how radiation affects hematopoiesis
using primary human cells and will offer a means to evaluate new
countermeasures
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4D Bio® & UMN Organ-on-Chip models
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