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Supplementary Figure 1. Sample flow cytometry gating for suspension cells in
engineered bone marrow (eBM). Myeloid cell panel. (A-B) Shifting cell populations over time
(A) and (B) dimensionality reduction for CD14). Hematopoietic cell panel. (C-D) Shifting cell
populations over time (C) and (D) dimensionality reduction for CD34). (E) Subpopulations of
hematopoietic progenitors described in Figure 2.
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Supplementary Figure 2. Transcriptomic changes to engineered cardiac tissueds (eCTs)
in response to radiation (by key phenotypic genes). (A) Cardiac-specific genes (B) Fibrosis
genes (c) Inflammatory genes (D) DNA damage/repair genes. (E) Network analysis using
Cytoscape of differentially-expressed genes between neutron irradiated and control eCTs.
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Supplementary Figure 3. Bulk gene expression changes in irradiated engineered cardiac

tissues (eCTs) 3-weeks post-radiation. (A) Differentially expressed genes by fold change for

(A) neutron and (B) photon radiation, compared to the control eCTs.
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Supplementary Figure 4. Dose-dependent effects of radiation on engineered bone marrow
(eBM) tissues and hematopoietic cells 2 weeks after radiation exposure. (A) Photon and
neutron radiation decreased the intensity of pentachrome (top) and bone sialoprotein (BSP,
bottom) staining in a dose-dependent manner. (B) Decreasing CD45+ cell production, and (C)
increasing CD45+ cells median fluorescence intensity (MFI) with increasing radiation dose over
two weeks. ****p<0.0001, ***p<0.001, **p<0.01, *p<0.05
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Supplementary Figure 5. scRNAseq cell type classification of engineered bone marrow
(eBM) blood cells. (A) Top genes for unique cell types. (B) Example marker genes for
identifying known cell types.



>

Macrophage Subpopulation 1 B Macrophage Subpopulation 2

c c ; ‘
S, Soldi o iy 1 | o dl o d
? 7]
4 o
¢ ¢
50 : G} = .
< - = o © - N N W ®m O NN T @D M 53.8% NN =N T AN X N DM E - N < DN o 58.9%
O @ a4 £ 805 - 3 o Q a O T EO T X = o @ = b oJ [
Qoo§ﬂoom858mgﬂ<§(’mf205 8sgezgogsshbgugdzruzezalp;
0gosa<o0o0zxecg8OogFIoO [$) 5§UZJ<<OQ<§(< XNz 0O 2gk 22 4G
2 F 5 - 4Gy T = = = T x - & Yy
) 4

GO Biological Pathways

G0:0050900 - leukocyte migration

G0:0060326 - cell chemotaxis:

G0:0030198 - extracellular matrix organization
G0:0043062 - extracellular structure organization
G0:0045229 - external encapsulating structure organization
GO0:0006935 - chemotaxis

G0:0030595 - leukocyte chemotaxis

G0:0097529 - myeloid leukocyte migration

G0:0002688 - regulation of leukocyte chemotaxis
G0:0050920 - regulation of chemotaxis

G0:0002685 - regulation of leukocyte migration
GO0:0071674 - mononuclear cell migration

G0:0055076 - transition metal ion homeostasis
G0:1905521 - regulation of macrophage migration
G0:0002548 - monocyte chemotaxis

G0:0016042 - lipid catabolic process

G0:0036230 - granulocyte activation

G0:1905517 - macrophage migration

G0:2000147 - positive regulation of cell motility:
G0:0051272 - positive regulation of cellular component movement

0 2 4 6 8 10 0 1
H0g44(P,g)

GO Biological Pathways

G0:0060600 - dichotomous subdivision of an epithelial terminal unit
G0:0030182 - neuron differentiation

G0:0031175 - neuron projection development

G0:0048666 - neuron development

G0:0034330 - cell junction organization

G0:0060666 - dichotomous subdivision of terminal units, salivary gland
G0:0043087 - regulation of GTPase activity

G0:0048699 - generation of neurons

G0:0060560 - developmental growth involved in morphogenesis
G0:0030198 - extracellular matrix organization

G0:0043062 - extracellular structure organization

G0:0045229 - external encapsulating structure organization
G0:1901166 - neural crest cell migration involved in ANS development:
G0:0007411 - axon guidance

G0:0097485 - neuron projection guidance

G0:1903375 - facioacoustic ganglion development

G0:0048812 - neuron projection morphogenesis

G0:0022008 - neurogenesis

G0:0120039 - plasma membrane bounded cell projection morphogenesis
G0:0048858 - cell projection morphogenesis

2 3 45
H0g4(P,q)

1Gy D. Abnormal Myeloid Cells

o

Monocyte Subpopulation 3

N

{44414

expression

AJMMMM

@E
—_—
g
p
—
p=

CLMN (&

FCN1
VCAN
CD14
S100A9
CYBB
LTA4H
SLC25A6
S100A10
TKT
FBP1
DPYD

SERPINA1
AP1S2

S100A8
SH3BGRL3

COoTL1
EEF2
CEBPB

IFNGR2

56.1%

4Gy

GO Biological Pathways

G0:0036230 - granulocyte activation

G0:0042119 - neutrophil activation

G0:0002275 - myeloid cell activation involved in immune response
G0:0002283 - neutrophil activation involved in immune response
G0:0002274 - myeloid leukocyte activation

G0:0043312 - neutrophil degranulation

G0:0043299 - leukocyte degranulation

G0:0002446 - neutrophil mediated immunity:

G0:0002444 - myeloid leukocyte mediated immunity:
G0:0002376 - immune system process

G0:0002263 - cell activation involved in immune response
G0:0045321 - leukocyte activation

G0:0002366 - leukocyte activation involved in immune response
G0:0001775 - cell activation

G0:0006955 - immune response

G0:0002252 - immune effector process

G0:0045055 - regulated exocytosis

G0:0006952 - defense response

G0:0002443 - leukocyte mediated immunity

G0:0045087 - innate immune response

0Cc

N

CIRALALY!

expression

o

SMC2 { pe—

TUBB
TUBB4B
CENPF

£

ZWINT {
DIAPH3 | fei—.
TYMS {fex—

MKI67 4
PCLAF
H2AFZ
DTYMK
CKs1B

TUBA1B
KPNA2

NUSAP1 |
MAD2L1 { s —
RANBP1 | jA=—

CENPK | & —
HMMR { {2

0%
38.9%

4Gy

GO Biological Pathways

G0:0007049 - cell cycle

G0:0022402 - cell cycle process

G0:0000278 - mitotic cell cycle

G0:1903047 - mitotic cell cycle process
G0:0000280 - nuclear division

G0:0007059 - chromosome segregation
G0:0048285 - organelle fission

G0:0051301 - cell division

G0:0098813 - nuclear chromosome segregation
G0:0051276 - chromosome organization
GO0:0140014 - mitotic nuclear division

G0:0006260 - DNA replication

G0:0000819 - sister chromatid segregation
G0:0007051 - spindle organization

G0:0000070 - mitotic sister chromatid segregation
G0:1902850 - microtubule cytoskeleton organization involved in mitosis
G0:0007052 - mitotic spindle organization
GO0:0006259 -DNA metabolic process

G0:0000226 - microtubule cytoskeleton organization
G0:0006281 - DNA repair

10 15 0 50
'|°910(Padj) -log;(P,q)

100

Supplementary Figure 6. Identification of unique cell populations emerging in engineered
bone marrow (eBM) 3-weeks post-irradiation. Data correspond to single-cell RNA sequencing
shown from eBMs in Figure 5. (A-D) Most significant differentially-expressed genes and
pathways implicated in (A) Macrophage subpopulation 1, (B) Macrophage subpopulation 2, (C)
Monocyte subpopulation 3, and (D) Abnormal myeloid cells.
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Supplementary Figure 7. Total gene expression changes in all engineered bone marrow
(eBM) cells by single cell RNA sequencing in Figure 5. (A) Top significant, differentially-
expressed genes in 1 Gy cells as compared to the 0 Gy healthy control. (B) Pathway analysis of
significantly upregulated genes in the neutron-irradiated samples in GO molecular functions. (C)
upregulated/downregulated genes in the neutron-irradiated samples in GO biological processes.
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Supplementary Figure 8. Differential expression of isolated CD14+ cells from engineered
bone marrow (eBM) single-cell RNA sequencing in response to radiation. (A) UMAP
visualization of CD14+ myeloid cells. (B) Differential gene expression in neutron irradiated (1 Gy)
tissues relatively to controls. (C) Example violin plots of key myeloid genes. (D) GO pathway
analysis of top biological processes. (E) Comparative analysis of cell-cell interactions and
secreted signals in 4 Gy Photon versus 1 Gy Neutron eBM tissues.
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Supplementary Figure 9. Computationally-derived interactions within the 1Gy Neutron-
irradiated engineered bone marrow (eBM) blood cells via CellChat. (A-C) Inferred incoming
and outgoing (A) cell-cell, (B) cell-ECM, and (C) cell-secretome interactions.



4 Gy Photon versus 1 Gy Neutron

A . ) . C . Cardiac-specific Genes D .
g e . 207 s * ns * ns Standard Deviation
s O = .
2z of Rest-Relaxation Interval
) Neutro-ad 258 15
Q2 @ Photon-Rad s< ns
: 89 1
g -2 10 ©
g . ﬁ g g 0.8 ns ns
€8 o5 z i
5 & x
4 v 0.6
25 o 2 0.0 . . . 5
B PC1: 64.65% variance TIN  ACTN2  VIM  SCN5A  GJA1 c
S 0.4
R
. S
. Cardioprotective Genes DNA Repair Genes 2
HMOX1 *k ns ns ns - 0.2+
o 2
® ]
2.0 ns *ok * ns 15 3
c
o S= 5= S 0.0-
g7 88 1s $3 @ & &
N 5 £% 10 & 0
S a< a< Q o 3
3 g4 3 % 1.0 3 (g ° Q‘\ eel
£ CYP1B1 S22 1 2 R
- PTG §e e & G \(5\
] . MATG, FosB| 2F o5 55 0° o
DABI-AST o *.SBNO2 .ovpipt EE Ee
o MT-TS133 s’y . LKCi ol = S=
° "NCQ1-614M/ MROHS 0.0 T T 0.0
T T T T T T TBXS GATA4 MEF2C APOD H2AX P53 RAD17 BRCA1

-2 -1 0 1 2 3

log2FoldChange

Supplementary Figure 10. Differentially expressed changes associated with engineered
cardiac tissues (eCT) in response to 4 Gy photon vs 1 Gy neutron radiation. (A) Principle
component analysis of eCT in response to photon and neutron radiation. (B) Differentially
expressed genes between the two groups (pag¢<0.05, log2FC>1). (C) Individualized visualization
of genes associated with cardiac function/maturation, cardioprotection, and DNA repair, shown
with multiple, unpaired t-tests *p<0.05; **p<0.01. (D) From calculating the standard deviation of
the rest-relaxation interval during cardiac muscle tissue spontaneous beating, no differences
were observed to indicate presences of arrythmias (n = 2 - 4 tissues).
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Supplementary Figure 11. Use of engineered human tissues for testing of therapeutic
effects of radioprotective agents. (A) Pre-treatment of engineered cardiac tissues (eCT) with
radioprotective drug Amifostine prior to acute exposures prevented abnormal hypertrophic
functionality of neutron-irradiated tissues. (B) G-CSF stimulation increases CD45+ cell
production by (C) increasing neutrophil production in vitro.



