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Supplementary Table 1: Soluble factors for organoids. 
 
 

Cell Source Matrix Organoids Soluble Factors 

Tissue 
sampling 

(ASCs) 

Growth factors 

Gel embedment 
Intestine Wnt, EGF, IGF, FGF, 

BMP, TGF 

Liver Wnt, EGF, HGF, FGF, 
BMP, TGF, ROCK 

Gastro Wnt, EGF, FGF, BMP, 
TGF 

Lung Wnt, FGF, BMP, TGF, 
ROCK, MAPK 

Pancreas Wnt, EGF, FGF, BMP, 
TGF 

Prostate Wnt, EGF, FGF, BMP, 
TGF 

Endometriu
m 

Wnt, EGF, HGF, FGF, 
BMP, TGF 

Tongue Wnt, EGF, FGF, BMP, 
TGF 

Genetic 
engineering 

(iPSCs) 

BMP
4 

Neuroectoderm Brain Wnt 

Eye Wnt, IGF, FGF 

Activin-
A/BMP4 

Mesoderm Vessel Wnt, FGF, VEGF, BMP 

Kidney Wnt, FGF 

Activin-A Endoderm Intestine Wnt, EGF, FGF, BMP 

Gastro Wnt, EGF, FGF, BMP 

Liver FGF, BMP 

Lung Wnt, FGF, BMP, TGF 

Thyroid Wnt, EGF, FGF, BMP 

 
  



Supplementary Table 2. Methods for Organoid Engineering. 

Method Timeline of 
Organoids  

Advantages Disadvantages Applications Ref. 

Bioprinting Intestinal 
organoids 
(2021) 

Controlled 
cell-matrix 
structures; 
Precise 3D 
biological 
geometries 

Resolution of 
printed 
material; 
Density of the 
tissue; Organ 
functionality 

Functional 
organ 
formation; 
Large-scale 
manufacture 
of artificial 
organs for 
transplantation 
and 
regenerative 
medicine 

1,2 

Droplet 
microfluidics 

Cholangiocyte   
organoids 
(2021), Inter-
organoid 
platform 
(2020), Lung 
organoids 
(2021)  

Powerful 
platform for 
manipulating 
organoids; 
Establishment 
of complex 
organoids 

Lacking control 
over the cell-to-
cell ratios in the 
structures 

Assessing 
intra-organoid 
heterogeneity; 
Fabricating 
homogenous 
organoids 

3,4 

Microwells Intestinal 
organoids 
(2014), 
Kidney 
organoids 
(2018), Liver 
organoids 
(2018) 

Controlled 
cell 
aggregation 
and growth 
patterns 

Small scale Live-cell 
manipulations; 
Direct 
quantitative 
analysis of 
organoids 

5-7 

Gel 
embedment 

Intestinal 
organoids 
(2016-2017, 
2021-2022);  

Recapitulates 
the ECM 
components 
of tissue 

Non-defined 
composition, 
lack of control 
over 
spatiotemporal 
cues 

Increasing 
variability, 
decoupling 
stiffness, and 
enhancing the 
functionality of 
organoids 

8-16 

Surface 
tethering 

Various 
organoids 

Provides 
ECM support 
and signaling 
cues 

 Producing 
biomimetic 
scaffolds for 
organoid 
culture; 
Dissecting the 

17,18 



 
 
  

stem cell 
niche 

Scaffold 
anchoring 

Intestinal 
organoids 
(2020)  

Offers 
flexibility with 
specificity;  
Provide 
geometrical 
cues 

 Optimizing the 
combination of 
signals for 
modulating 
ASCs;  Scale-
up of 
organoids in a 
well-defined 
manner 

19,20 

Micro-
fabricated 
cages/organ-
on-chips 

Liver 
organoids 
(2014), 
Pancreatic 
organoids 
(2019), 
Stomach 
organoids 
(2018),  
Kidney 
organoids 
(2019) 

Can imitate 
key 
physiological 
and structural 
features of 
the organ 

Absent of 
vascular 
structures 

Drug 
screening;  
Disease 
modeling; 
Investigating 
cell-cell, cell-
organ, and 
organ-organ 
interactions 

7,21-

28 



Supplementary Table 3: List of repositories with data formats (data deposition) 
 

 
*PDX – patient-derived xenograft, PDC – patient-derived cell line, CAF – cancer-associated 
fibroblast, PDO – patient-derived organoids, iPSC – induced pluripotent stem cells, ChIP – 
chromatin immunoprecipitation, SAGE – serial analysis of gene expression 

 
 
  

Repository Type Status Data 
formats 

Link 

PDMR: 
Patient-
derived 
models’ 
repository 

Human 
cancer 
organoid 
repository, as 
part of bigger 
cancer 
material 
repository 

Data-
requests and 
specimen-
request only, 
organoid 
request in 
development
, no data or 
material 
deposition 

patient 
diagnosis 
data, 
originating 
patient 
material, 
PDX, PDC 
and CAF, 
PDO, 
sequencing 
data (whole 
exome and 
RNAseq) 

https://pdmr.cancer.gov 

HCA|Organ
oid: Human 
Cell Atlas 
Organoid 

Human 
organoids, 
both tissue-
derived and 
iPSC-derived 

Pilot – 
preformed 
on brain 
organoids 
(iPSC) and 
colon 
organoids 
(tissue), no 
data or 
material 
deposition 

single-cell 
transcriptomi
cs, single-
cell 
epigenomics 
and time-
series 
imaging, 
matched to 
primary 
tissue 

https://hca-organoid.eu 

Gene 
Expression 
Omnibus 
(GEO) 

Transcriptomi
cs-related 
data 

Data 
deposition 
for all 
transcriptomi
cs, not 
limited to 
organoids 

gene 
expression, 
non-coding 
RNA, ChIP, 
genome 
methylation, 
high-
throughput 
RT-PCR, 
SNP arrays, 
SAGE, 
protein 
arrays 

https://www.ncbi.nlm.nih.go
v/geo/ 

GitHub Code-sharing 
platform 

Code 
deposition, 
not limited to 
organoids 

code for 
analysis in 
variety of 
software 

https://github.com 

https://pdmr/


References 
 
 

1 Murphy, S. V. & Atala, A. 3D bioprinting of tissues and organs. Nature biotechnology 
32, 773-785 (2014). 

2 Brassard, J. A., Nikolaev, M., Hübscher, T., Hofer, M. & Lutolf, M. P. Recapitulating 
macro-scale tissue self-organization through organoid bioprinting. Nature Materials 
20, 22-29 (2021). 

3 Cordero-Espinoza, L. et al. Dynamic cell contacts between periportal mesenchyme 
and ductal epithelium act as a rheostat for liver cell proliferation. Cell stem cell 28, 
1907-1921. e1908 (2021). 

4 Jiang, S. et al. An automated organoid platform with inter-organoid homogeneity 
and inter-patient heterogeneity. Cell Reports Medicine 1, 100161 (2020). 

5 Czerniecki, S. M. et al. High-throughput screening enhances kidney organoid 
differentiation from human pluripotent stem cells and enables automated 
multidimensional phenotyping. Cell stem cell 22, 929-940. e924 (2018). 

6 Brandenberg, N. et al. High-throughput automated organoid culture via stem-cell 
aggregation in microcavity arrays. Nature biomedical engineering 4, 863-874 (2020). 

7 Wang, Y. et al. In situ differentiation and generation of functional liver organoids 
from human iPSCs in a 3D perfusable chip system. Lab on a Chip 18, 3606-3616 
(2018). 

8 Gjorevski, N. et al. Designer matrices for intestinal stem cell and organoid culture. 
Nature 539, 560-564, doi:10.1038/nature20168 (2016). 

9 Peng, H., Poovaiah, N., Forrester, M., Cochran, E. & Wang, Q. Ex vivo culture of 
primary intestinal stem cells in collagen gels and foams. ACS Biomaterials Science & 
Engineering 1, 37-42 (2015). 

10 Kratochvil, M. J. et al. Engineered materials for organoid systems. Nature Reviews 
Materials 4, 606-622 (2019). 

11 Cruz-Acuña, R. et al. Synthetic hydrogels for human intestinal organoid generation 
and colonic wound repair. Nature cell biology 19, 1326-1335 (2017). 

12 Aisenbrey, E. A. & Murphy, W. L. Synthetic alternatives to Matrigel. Nature Reviews 
Materials 5, 539-551 (2020). 

13 Chaudhuri, O., Cooper-White, J., Janmey, P. A., Mooney, D. J. & Shenoy, V. B. Effects 
of extracellular matrix viscoelasticity on cellular behaviour. Nature 584, 535-546 
(2020). 

14 Kloxin, A. M., Kasko, A. M., Salinas, C. N. & Anseth, K. S. Photodegradable hydrogels 
for dynamic tuning of physical and chemical properties. Science 324, 59-63 (2009). 

15 Chrisnandy, A., Blondel, D., Rezakhani, S., Broguiere, N. & Lutolf, M. P. Synthetic 
dynamic hydrogels promote degradation-independent in vitro organogenesis. 
Nature Materials, 1-9 (2021). 

16 Gjorevski, N. et al. Tissue geometry drives deterministic organoid patterning. Science 
375, eaaw9021, doi:doi:10.1126/science.aaw9021 (2022). 

17 Dalby, M. J., Gadegaard, N. & Oreffo, R. O. Harnessing nanotopography and integrin–
matrix interactions to influence stem cell fate. Nature materials 13, 558-569 (2014). 

18 Amaral, A. J. & Pasparakis, G. Cell membrane engineering with synthetic materials: 
Applications in cell spheroids, cellular glues and microtissue formation. Acta 
biomaterialia 90, 21-36 (2019). 



19 Hushka, E. A., Yavitt, F. M., Brown, T. E., Dempsey, P. J. & Anseth, K. S. Relaxation of 
extracellular matrix forces directs crypt formation and architecture in intestinal 
organoids. Advanced healthcare materials 9, 1901214 (2020). 

20 Yavitt, F. M. et al. The effect of thiol structure on allyl sulfide photodegradable 
hydrogels and their application as a degradable scaffold for organoid passaging. 
Advanced Materials 32, 1905366 (2020). 

21 Park, S. E., Georgescu, A. & Huh, D. Organoids-on-a-chip. Science 364, 960-965 
(2019). 

22 Esch, M. B., Mahler, G. J., Stokol, T. & Shuler, M. L. Body-on-a-chip simulation with 
gastrointestinal tract and liver tissues suggests that ingested nanoparticles have the 
potential to cause liver injury. Lab on a Chip 14, 3081-3092 (2014). 

23 Bauer, S. et al. Functional coupling of human pancreatic islets and liver spheroids on-
a-chip: Towards a novel human ex vivo type 2 diabetes model. Scientific reports 7, 1-
11 (2017). 

24 Zhang, Y. S. et al. Multisensor-integrated organs-on-chips platform for automated 
and continual in situ monitoring of organoid behaviors. Proceedings of the National 
Academy of Sciences 114, E2293-E2302 (2017). 

25 Tao, T. et al. Engineering human islet organoids from iPSCs using an organ-on-chip 
platform. Lab on a Chip 19, 948-958 (2019). 

26 Workman, M. J. et al. Enhanced utilization of induced pluripotent stem cell–derived 
human intestinal organoids using microengineered chips. Cellular and molecular 
gastroenterology and hepatology 5, 669-677. e662 (2018). 

27 Lee, K. K. et al. Human stomach-on-a-chip with luminal flow and peristaltic-like 
motility. Lab on a Chip 18, 3079-3085 (2018). 

28 Homan, K. A. et al. Flow-enhanced vascularization and maturation of kidney 
organoids in vitro. Nature methods 16, 255-262 (2019). 

 




