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Organoids
• Self-organizing 3D structure derived from stem cells 
• Imitate the architecture and differentiate into specific 

tissues 
• Examples of established organoid models:

• Intestines, stomach, esophagus, liver, kidneys, 
lungs, brain, prostate, pancreas, retina, and ovary

https://www.corning.com/worldwide/en/products/life-
sciences/products/surfaces/matrigel-matrix-for-organoids.html



Types of Organoids

• Mimic homeostatic conditions of original tissue
• Suitable for studying adult tissues

Adult Stem Cell 
(ASCs) - derived 

organoids

• Most resembles fetal-stage tissues, and rarely 
mature to adult tissues in vitro

• Suitable for studying developmental stages of 
tissue formations

Pluripotent Stem 
cell (PSCs) -

derived organoids



Considerations 
when culturing 
Organoids

3 main factors:
1. Cell type
2. Differentiation signaling 
3. Culture Environment



1. Cell Type 

• Protocols can vary widely 
depending on the type of cell 
used 

• Determines the characteristic 
of the final organoid
• Maturation stage

(Rossi et al., Nature Reviews Genetics, 2018)



2. Differentiation 
Signaling

• Isolated ASCs with specific 
growth factors will 
differentiate into specified 
organoids consisting of 
epithelial layers from tissues of 
origin

• PSC require additional step of 
differentiation into primary 
germ layer (ectoderm, 
endoderm, mesoderm) before 
further differentiation

(Tortorella et al., European Biophysics Journal, 2021)



3. Culture 
Environment

• A. Extracellular matrix (ECM)
• e.g Matrigel (Engelbreth-

Holm-Sarcoma)
• Chemical-synthetic ECM 

(PEG)   
• B. Air-liquid interface (also 

known as raft culture)

• C. Suspension using bioreactor

(Gunti et al., Cancers, 2020)



Summary of 
Organoid 
Culturing 
Process

(Blutt and Estes, Annual Review in Medicine, 2022)



Application in Viral 
Cancer Studies



Hepatitis B Virus (HBV) 
Hepatocellular 
Carcinoma (HCC)

• Direct mechanism of HBV causing HCC is unclear 
due to lack of model system that sustain HBV 
infection.
• HBV infects mature hepatocytes, thus ASC-

derived liver organoids are more suitable
• Huch et al. was first to derive liver organoids 

from adult stem cells and observe genetic 
stability of the models.
• De Crignis et al. tested the virus susceptibility in 

organoid models.



(Huch et al., Cell, 2015)

(P_) – Passage number



EM – Expansion Medium
DM – Differentiation Medium

H.I. – Heat Inactivated HBV 
HBV – Recombinant HBV

(De Crignis et al., Elife, 2021)



Human Papillomavirus 
(HPV)
Cervical Cancer

• Lowering the cost of vaccinations and 
effective treatments are still limited. 
• Surgical means to obtain tumor biopsies 

to establish xenograft models.
• Lohmussaar et al. report the 

establishment as well as the dynamic of 
cervical organoid in recapitulating cervical 
cancer



(M_) - Mediums containing different components

FGF7 - Fibroblast growth factor 7
NAC - N-acetyl cysteine 
A83 - TGF-B inhibitor
FSK – Forksolin
FGF10 - Fibroblast growth factor 10
RSPO1 – R-spondin1 

noticeable growth efficiency

Hollow cystic structures

Dense structure

(Lohmussaar et al., Cell Stem Cell, 2021) 



(Lohmussaar et al., Cell Stem Cell, 2021) 

• KRT14 – Keratin 14,  Basal cell marker

• KRT13 – Keratin 13, Differentiated cell marker



SqCa-1.1 – PAP Brush
SqCa-1.2 – Tissue biopsy

(Lohmussaar et al., Cell Stem Cell, 2021) 



Potential Applications
Disease Modeling 

• Host-innate 
immunity

• Co-infections 
between viruses

• Pathogenesis
• Biomarkers 

(Personalized 
Medicine)

Drug Screening

• Pre-clinical 
evaluations

• Predictions on 
patients’ 
response to 
therapy

Regenerative 
Medicine 

• Organ 
Transplantation



Limitations and 
Future Directions

• Bioreactors – address the 
size limitation and lifespan

• Organ-on-chip to recreate 
cross-talk between multiple 
organs or reproduce precise 
concentration gradients of 
signaling molecules

• Co-culturing of multiple 
tissues

(Velasco et al., Microsystems & Nanoengineering, 2020)

(Adapted from Gunti et al., Cancers, 2020)

(Dijkstra et al., Cell, 2018) 
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