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Supplementary Tables

Table 1. Various tumor models. Overview of various engineered 3D TME models with a focus on their fabrication purposes

Purpose Tissue Cell Method Results Ref.
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[15]
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st, and endothelial cells
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Caco-2 rosel hoto-crosslinkine by LED licht -Investigation of the mechanism promoting anoikis resistance th [11]
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& P gDy £ rough activation of the FAK/PI3K—Akt signaling pathway
Colon -Investigation of TRPV4-PI3K/Akt-HSF1-Hsp70 signaling in s
. tiff hydrogels exhibiting higher tumorigenic and metastatic pote
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peutic target for cancer treatment
Cancer cells encapsulation in GelMA-HAMA hydroge -Better mimicking of in vivo cellular behavior than 2D culture
Pancreas HPDEG6-C7, Panc-1, 1s — UV crosslinking — indirect (using transwell cha -Investigation of M2-like polarization and enhanced PANC-1 st [12]

THP-1 mber) or direct (mixing with Panc-1 cells) co-culture emness via co-culture with macrophages and activation of the P
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-Co-culturing with immune cell (THP-1)

-Providing evidence for the role of a dynamic environment as a
key regulator of tumor metastatic ability [18]
-Co-culturing with stromal cell (hBM-MSC)

MG63, 143B, hBM- Embedding of tumor spheroids in an hBM-MSC-lade

B
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Abbreviations: GeIMA-HAMA-4-arm-PEGDA (GHP4a); human umbilical vein endothelial cells (HUVECs); human embryo lung fibroblasts (HELFs); colorectal cancer cell
(CRC); Cancer-associated fibroblasts (CAF); human bone marrow mesenchymal stem cells (hBM-MSC)s; methacryloyl platelet lysate (PLMA); tumor associated macrophages
(TAMs); methacrylated hyaluronic acid (MeHA)



Table 2. Primer sequences. Information of the primers used in RT-qPCR.

Primer sequence

Left (5-3")

Right (3'-5")

Gene Source
Homo
GAPDH .
sapiens
Homo
PVTI
sapiens
Homo
MYC _
sapiens
Homo
POUS5FIB )
sapiens
Homo
FAMS84B _
sapiens
Homo
CDI133 .
sapiens
Homo
CD44 .
sapiens
Homo
Ki67 .
sapiens
Homo
Vimentin .
sapiens
Homo
N-cadherin

sapiens

GTCTCCTCTGACTTCAACAGCG

TTACAGGCGTGTGCCACAAAGC

CCTGGTGCTCCATGAGGAGAC

CCTGAAGCAGAAGAGGATCACC

GTGGAATGCTCCGTGTTCTACC

CACTACCAAGGACAAGGCGTTC

CCAGAAGGAACAGTGGTTTGGC

GAAAGAGTGGCAACCTGCCTTC

AGGCAAAGCAGGAGTCCACTGA

CCTCCAGAGTTTACTGCCATGAC

ACCACCCTGTTGCTGTAGCCAA

GCCTGTAATCCCAGCACGTTGA

CAGACTCTGACCTTTTGCCAGG

AAGCGGCAGATGGTCTTTTGGC

TACTGAGCCTGCGACACGAACT

CAACGCCTCTTTGGTCTCCTTG

ACTGTCCTCTGGGCTTGGTGTT

GCACCAAGTTTTACTACATCTGCC

ATCTGGCGTTCCAGGGACTCAT

GTAGGATCTCCGCCACTGATTC




Supplementary Figures
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Figure S1. Co-amplification of PVTI with MYC and gene copy number differences between
COLO320 cell lines in 2D cultures. (A) Distribution of DNA-level copy-number difference (DM-
HSR). MYC-associated loci (e.g., MYC, PVTI, POUS5SFIB, FAM&4B) fall in the right tails, indicating
larger gains in DM relative to HSR. (B) Stacked bars summarize PV TI-positive tumors in PCAWG and
TCGA, stratified by MYC status and amplicon type. Categories are: +MYC on ecDNA (red) and MYC
on chromosomal amplicons (dark gray). We also show only PV'T1 on ecDNA (light red) and only PVT1
on chromosomal amplicons (light gray). Co-amplified MYC-PVTI on ecDNA predominated: 76.7% in
PCAWG and 73.9% in TCGA.
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Figure S2. Evaluation of the minimum collagen concentration required for post-gelation
structural stability. (A) Schematic representation of the gravitational collapse assay for collagen
hydrogels after thermal gelation at 37 °C for 1 h, including vertical inversion and 5 min incubation under
gravitational force. (B) Optical images of collagen hydrogel drop, tilted at 0 and 90° for 10 min. 1 w/v%
collagen hydrogel showing structure collapse (red arrow). (C) Schematic of how to fabricate 3D

collagen hydrogel sample.



A B

CrosscheckFingerprint

NGS CheckMate Sample Similarity Heatmap )
Mean(similarity) .

Purity vs. Ploidy by cell subtype

M. om20 i ttype
om0 MExpected Match DMAOM AL ]5 - oM-gp-2
DM-3D S5 MUnexpected Match DM-3D 0.926 0911 -k

LowCov Not Match LowCov 0.966) 0.964 10 ok,
DM3D-1 [l TENE] - oo rsmsn wn bz
—I 0.896 0503 z HSR-D-2
DM3D-2 il 57 225 wongniomces IR
HSR2D [EeNECEE HSR-2D E
HSR3D S HSR-3D 2.,
LowCov . LowCov
HSR3D.1 [l HSR-3D-1
15
HSR-3D-2 |l HSR-3D-2 = o go-Lowcoy
B & By Q9 070 0.5 080 085 0.0 095 100 105
N WA B R ey B
L) ia"@ R & fo*o.:ﬁ?' Q?)Q' Tumor purity
D HSR_3d-1 HSR_3d-2 DM_3d-1 DM_3d-2
E
©
@
[
=
o
<
(m]
200 mm 200 mm 200 mm 500 mm
E - HSR_3d-1 omadt O #sra3s1 O oM3d1 (G Genes Correlated to cell aggregation
g ¢ HSR3d-2 « DM 3d-2 & B Hsrad2 H owm 32 (total no.gene = 3,120)
= 800 E 8x10°
. ns 3
@ ~ =8~ PCAT1
@ H © E— . 2001 PRNCRL
£ 600 M O 6x1054 2 -8~ CASCI9
& o @ € 1504
k- . c 5
g 400 : P 2 a0 2
2 [ © @ 100
© 1 2 o Q
(=] ‘ﬂ_J o - — —
% 200 D 2x105 g 50 A
=] ©
© y e = o o
z 0 T T T T s 0- -+ + - -
N N =
o 5 5 o & b’ i bﬂf
Q"b Q"b @\’b @’b ,,} of of of
; ; 7 ; o/ o/ ; K
FFE 9O 9 ¢%$/ RS 5 N S

Figure S3. Sample quality assessment across COLO320 WGS dataset and characterization of 3D
cultured COLO320 cells. (A) Sample-identity validation by Picard CrosscheckFingerprints. All
libraries matched their designated COLO320 isogenic cell lines (DM, HSR) across 2D and 3D replicates.
No swaps or contamination were detected. “Unexpected matches” refer to pairs that were differently
labeled but genetically identical. (B) NGSCheckMate sample similarity heatmap (genotype
concordance). Within cell line comparison (DM-DM, HSR-HSR) including 2D-3D cross condition
pairs, show high concordance, whereas between isogenic cell line comparisons (DM-HSR) are
consistently lower. (C) Purity and Ploidy scatter for 8 COLO320 WGS libraries estimated by PURPLE
and GATK. Points are group by (DM: red; HSR: blue) and culture (2D, 3D). (D) DAPI (blue)/F-actin
(green) staining images, (E) cell aggregation size (um), and (F) total aggregation area (um?) about four
3D cultured samples (HSR _3d-1, HSR 3d-2, DM 3d-1,and DM_3d-2) at days 28. (G) Line plots show
the maximum copy number of PCATI, PRNCRI1, and CASC19 across HSR and DM samples. All three
IncRNAs exhibit a progressive increase in copy number from HSR to DM samples. The rank order of
1.00),

copy number changes was perfectly correlated among the three genes (Spearman’s rho
indicating a highly consistent amplification trend across samples. All values are represented as mean +

standard deviation.
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Figure S4. Structural comparison of MYC ecDNA topology in 3D cultured COLO320 cells.
Amplicon graph visualization by AmpliconArchitect, CoORAL and CycleViz showing structural
rearrangements, coverage, copy-number (CN), and breakpoint connections across genomic segments.
(A) MYC-containing amplicon topology in DM_3D-2 . The plot shows coverage on the left y-axis and
CN on the right y-axis. The structure exhibits high segment coverage and is composed of multiple high-
CN inferred circular elements (including only inferred elements with CN>5), indicating a highly
amplified and structurally complex ecDNA population. The term ‘inferred cycle’ refers to the ecDNA
topology reconstructed from short-read sequencing data. (B) MYC-containing amplicon topology in
HSR_3D-2. In contrast to the DM_3D-2, the HSR 3D-2 amplicon showed lower CN inferred cycle

elements, suggesting a less organized ecDNA structure. (C) CycleViz models of representative inferred



circular elements in DM_3D-2. The models highlight the co-integration of the core MYC and PVTI
locus (red) along with the aggregation-associated IncRNAs (PCATI, PRNCRI, and CASC19; also in
red). This finding confirms that the increased CN of these regulatory IncRNAs stems from their physical
embedding within the MYC-ecDNA population in the DM_3D model.
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Figure S5. Characterization of cell proliferation and ecDNA associated POU5SFI1B and FAM84B
in 3D cultured COLO320 cells compared to 2D environments. (A) DAPI (blue)/Ki67 (green)
staining images at days 3, 14, and 28. (B) Distribution of individual aggregation diameter in 3D cultures
on days 7, 14, 21, and 28. (C) Total aggregation area per unit area at days 7 and 28 (n = 3). Relative
mRNA expression of (D) POUSFIB and (E) FAM84B in COLO320-DM and HSR cells cultured in 2D
and 3D for 28 days (n = 3). Temporal expression patterns of (F) POUSFIB and (G) FAM84B in 3D
culture at days 3, 7, 14, 21, and 28. (H) Gel electrophoresis showing expression levels of POUSFIB
and FAMS84B at days 14 and 28 in 2D and 3D culture. Temporal expression patterns of (I) PV'T1 and (J)
MYC in 2D and 3D culture at 0, 24, and 48 h. All values are represented as mean + standard deviation.
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Figure S6. Rheological properties of collagen foam hydrogel after crosslinking and mechanical
properties of collagen bulk and foam hydrogels. (A) Temperature sweep of bulk collagen hydrogel
(3.5 w/v%). (B) Optical images of collagen foam structures (height: 0.8 mm, mold diameter: 5 mm)
after 24 h under various crosslinking conditions [non-crosslinked collagen constructs: (i) bioink with
pre-crosslinker (0.3 mM genipin in collagen foam) and crosslinked collagen constructs: (ii) bioink
without pre-crosslinker and (iii) bioink with pre-crosslinker]. (C) Frequency sweep (1 - 100 rad/s)
showing storage modulus (G') and loss modulus (G") of collagen foam hydrogel before and after
crosslinking. (D) Caspase-3 activity assay of collagen foams with 3.5 and 5.6 w/v%. (E) Compressive
stress—strain curves and (F) inherent modulus estimated using the Gibson—Ashby model (n = 3) of the
collagen bulk and foam hydrogels after crosslinking. All values are represented as mean + standard

deviation.
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Figure S7. Characterization of cell proliferation and ecDNA associated POU5SFI1B and FAM84B
in bulk and foam tumor model. (A) DAPI (blue)/Ki67 (green) staining images at days 14, and 28.
Relative mRNA expression of (B) mechanotransduction genes (YAP and TAZ) and (C) ecDNA-related
oncogenes (MYC and PVTI) at day 7. (D) Distribution of individual aggregation diameter in 3D cultures
on days 7, 14, 21, and 28. (E) Total aggregation area per unit area at days 7 and 28 (n = 3). Relative
mRNA expression of (F) POUS5SFIB and (G) FAM&84B in bulk and foam tumor model at days 3, 7, 14,
21, and 28. (H) Gel electrophoresis showing expression levels of POUSFIB and FAMS84B at days 14
and 28. Temporal expression patterns of (I) PVT1 and (J) MYC in bulk and foam models at 0, 24, and

48 h. All values are represented as mean + standard deviation.
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Figure S8. Original cDNA gel electrophoresis data for Figure 3L.
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Figure S9. Original cDNA gel electrophoresis data for Figure SSH.
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Figure S10. Original cDNA gel electrophoresis data for Figure SH.
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Figure S11. Original cDNA gel electrophoresis data for Figure 6G.
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Figure S12. Original cDNA gel electrophoresis data for Figure 6J.
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Figure S13. Original cDNA gel electrophoresis data for Figure S7H.



