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Successful modelling of human disease has been the primary goal of biomedical research. While animal models have 
provided a strong foundation, many human diseases are species-specific. Organoids generated from humans have 
the potential to bridge this gap and to provide a new system in which to test novel therapeutic approaches. 

Organoids can be generated
from adult stem cells.

They can also be generated from
PSCs by directed differentiation.

In both cases, 
stem cells or 
progenitors are 
grown in an 
environment 
that mimics 
their in cico 
counterpart, 
allowing for the 
self-organization 
into a tissue 
with a 
remarkably 
similar structure 
to that in vivo.

Kidney organoids
Early activation of Wnt initiates the presomitic mesoderm, 
while FGF9 allows formation of the metanephric 
mesenchyme and ureteric epithelium. 
Individual nephrons spontaneously form and 
maintain proper segmentation, resulting in 
highly advanced kidney organoids.

By mimicking early human embryonic development, stem cells can be guided toward a specific organ fate in a stepwise 
fashion, from PSC to germ-layer identity to organ precursor and eventually more mature organ-like structures.

HBPCs
These include osteoprogenitors, which, 
when cultured in serum-free media with 
TGFβ1, spontaneously 
form spheroids with 
small bone crystals 
(microspicules).

-serum, Tgfβ1

Fallopian tube epithelial cells
Human fallopian tube epithelial cells form stable 3D cultures containing 
ciliated and secretory cells when cultured in 
MG with Wnt and R-spondin, along with Egf, 
Fgf10, and Noggin. Cultures can be passaged 
nearly indefinitely with the addition of a 
TGFβ receptor inhibitor.

Endometrial biopsy
Human endometrial organoids develop from 
dissociated endometrial 
biopsies cultured in MG and 
a similar complement of 
growth factors as fallopian 
tube organoids.

Cerebral organoids
Can be grown from PSCs in minimal media 
that only allows survival of neural tissue. 
MG embedding and 
agitation allow further 
development of large, 
complex 3D tissues 
with interconnected 
regions.

Brain region-specific organoids
Forebrain organoids or cortical 
spheroids are more homogeneous, 
but also have less complex 
architecture. They 
are often generated 
through dual-SMAD 
inhibition to drive 
neural identity.

Retinal organoids
As a neural tissue, they develop 
according to similar principles as brain 
organoids, but can be biased towards 
retinal identity by 
culturing in dissolved 
MG earlier and lower 
serum replacement 
media.

Inner ear organoids
Step-wise differentiation of PSCs 
first leads to non-neural ectoderm, 
then to otic-epibranchial 
progenitor domain, and finally to 
otic placode. These 
mature and form inner 
ear tissue with 
functional hair cells.

Can be generated from adult mammary gland 
epithelial cells, which, when cultured in a collagen 
gel and in the presence of forskolin, form tubules and 
ducts with various cell types of a mammary gland.

3D aggregate

All current adult 
human tissue-derived 
organoid cultures, 
including the 
intestine, stomach, 
liver, pancreas, 
salivary gland and 
lung, require the 
activation of the Wnt 
pathway in 
combination with 
induction of receptor 
tyrosine kinases and 
inhibition of TGFβ 
signaling.

All protocols for 
PSC-derived organoids 
require specification 
of the definitive 
endoderm with high 
levels of the TGFβ 
ligand Activin. All 
protocols require 
specification of the 
definitive endoderm 
first, and high levels of 
the TGFβ ligand 
Activin. Once the 
definitive endoderm is 
specified, tissue 
patterning is required 
to derive buds from 
the intestine, 
stomach, lung, thyroid 
and liver in vitro. After 
cell fate specification, 
spheroids are 
transferred to a 
3D-environment for 
further differentiation.

Stomach
Differentiation towards both antral (with 
Noggin and RA) and fundic (with Wnt and 
Noggin) stomach results in gastric organoids 
containing all epithelial cell types. MEK 
inhibition facilitates parietal cell 
differentiation in fundic organoids. These 
organoids can be maintained in high-Wnt and 
high-FGF medium at least for 2 passages.

Liver bud
Differentiation towards hepatic 
endoderm progenitors, in 
combination with mesenchymal 
and endothelial cell lines 
enables the robust generation 
of liver buds and of functional 
transplantable liver tissue in 
vitro.

Lung 
Anterior foregut spheroids are 
cultured in MG and foregut 
medium with FBS. These 
organoids contain upper 
airway-like epithelial basal 
cells and immature ciliated 
cells surrounded by smooth 
muscle and myofibroblasts.

Gut
Differentiation into intestinal tissue results in 
organoids with crypt- and villus-like domains 
surrounded by a mesenchymal layer with all of the 
differentiated cell types of the intestinal epithelium. 
Hindgut is specified first by adding Wnt, FGF and FBS.

Thyroid 
Wnt, FGF and BMP signaling 
induces specification of anterior 
foregut cells. Culture in MG and 
thyroid differentiation medium 
results in thyroid organoids.
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Microcephaly
Cerebral organoids from a patient 
with a genetic form of 
microcephaly are smaller and show 
premature neural differentiation, 
leading to neural stem cell 
depletion and, later, fewer neurons.

Autism
Forebrain organoids from patients 
with idiopathic autism with 
macrocephaly show increased 
numbers of inhibitory interneurons 
compared with organoids from 
unaffected family members.

Lieber congenital amaurosis
Optic cup organoids from 
patients with LCA display 
fewer and shorter cilia, 
which affects the extent of 
photoreceptor formation with 
stunted outer segments.

Zika virus infection
Zika virus-infected cerebral 
organoids are much smaller, 
reflecting the prenatal 
infection-associated microcephaly. 
Neural stem cells are particularly 
susceptible to the virus and 
undergo massive cell death.

Cystic kidney disorder
Kidney tubule organoids with 
loss-of-function mutations in 
polycystic kidney disease 
genes show large fluid-filled 
cysts reminiscent of the in 
vivo phenotype.

Alpha-1-Antitrypsin deficiency
Liver organoids from A1AT 
deficiency patients exhibit 
A1AT precipitates within the 
hepatocyte-like cells, a 
phenotype reminiscent of the 
patient’s disease.

Cystic fibrosis
Organoids from CF patients’ tissues 
(gut, lung, cholangiocytes) exhibit a 
defect in swelling upon cAMP 
treatment. This phenotype can be 
exploited to test personalized 
treatment approaches.

Helicobacter pylori 
infection
Gastric organoids infected 
with Helicobacter exhibit a 
strong inflammatory 
response reminiscent of the 
tissue reaction to infection.

Cancer
Cancer patient-derived organoids 
have been established for colon, 
pancreas, prostate, liver, 
stomach ovary and endometrium. 
These recapitulate many aspects 
of the patient’s tumour and are 
amenable for drug testing.

Being like an organ, 
it must satisfy 
criteria that also 
define an organ:

Organoid
An artificial, self-
organizing tissue that
resembles an organ.

3D environment

Gut
Stem, paneth goblet 
cells and enterocytes 
arranged into crypt- 
and villus-like 
structures. Can be 
expanded long-term.

Salivary gland 
Can be expanded long-term 
even from single cells in 
high Wnt medium and form 
transplantable tissue.

Lung 
These contain basal, club and 
ciliated cells, and lack 
alveolar and secretory cells. 
Can be expanded long-term.
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Liver 
Ductal organoids form 
genetically stable 
self-renewing ductal 
epithelium that can 
differentiate towards 
hepatocyte-like cells. 
Hepatocyte organoids 
contain exclusively 
hepatocytes. Both cultures 
can expand long-term.

Pancreas 
Currently, these only contain 
ductal cells. Acinar cells are 
not found, and some endocrine 
specification occurs only upon 
transplantation. Can only be 
expanded short-term.

Stomach
Stem, mucin-producing and pit cells 
arranged into gland-and-pit 
structures that resemble the gastric 
epithelium and expand long-term.
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