
Human Lung Organoids for  
Respiratory Disease Research
Lung organoids are useful three-dimensional (3D) cell culture models for human respiratory diseases such as 
cystic fibrosis, asthma, and COPD, as well as for viral infections of the lung including SARS-CoV, H1N1, and MERS. 
Lung organoids are relevant in vitro tools for studying the effects of smoking and exposure to air pollution on 
human lung tissues. The 3dGRO™ Human Lung Organoid Culture System is a serum-free, multi-stage culture 
system for the efficient differentiation of human induced pluripotent stem (iPS) cells into mature lung organoids 
that structurally resemble in vivo branching airway and early alveolar structures. 

The 3dGRO™ system facilitates the production of large 
numbers of mature lung organoids that express lung 
and airway cell type markers and enzymes including:

•  Surfactant protein B (SFTPB) and surfactant protein 
C (SFTPC) (type II alveolar epithelial (ATII) cells)

• MUC5AC (airway goblet cells)

• EpCAM, Sox9, and Nkx2.1 (pulmonary endoderm)

• Acetyl-α-Tubulin (ciliated cells)

SARS-CoV-2-associated markers:

•  Angiotensin-converting enzyme 2 (ACE2) (receptor 
for SARS-CoV-2, the virus responsible for COVID-19)

•  TMPRSS2, a serine protease that promotes virus 
entry into the cell by activating the viral S protein
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Figure 1. Human pluripotent stem cells were differentiated to definitive endoderm cells using a 4-day induction medium. Human definitive 
endoderm cells were directed to anterior foregut endoderm (AFE) derivatives with induction media (SCM305, SCM306)  during days 4-8. 
AFE cells were further differentiated into branching lung bud organoids using the 3dGRO™ Lung Organoid Branching Medium (SCM307) and 
subsequently matured into branching and alveolar lung organoids using the 3dGRO™ Lung Organoid Maturation Medium (SCM308).

Human Lung Organoid Differentiation

The life science business of Merck operates as  
MilliporeSigma in the U.S. and Canada.



To place an order or receive technical assistance
Order/Customer Service: SigmaAldrich.com/order 
Technical Service: SigmaAldrich.com/techservice 
Safety-related Information: SigmaAldrich.com/safetycenter

Immunocytochemical Characterization of Human Lung Organoids

Mature lung organoids can be used to study diseases and to enhance our understanding of viral replication, tissue 
tropism, and the respiratory immune response. Immunocytochemical characterization is often employed to study 
virus-induced changes in different cell types. Expressed pulmonary endoderm markers (Sox9, EPCAM, NKX2.1), 
surfactant-producing type II alveolar epithelial cell markers (SFTPC and SFTPB), ciliated cell (Acetyl-α-Tubulin), 
and airway goblet cell (MUC5AC) markers can be identified in mature lung organoids differentiated and matured 
using the 3dGRO™ system. 

Lung Organoids and SARS-CoV-2 Research

Lung organoids can be used to study SARS-CoV-2 respiratory viral infections. Mature lung organoids 
differentiated and matured using the 3dGRO™ system can express the angiotensin-converting enzyme 2 
(ACE2) receptor for SARS-CoV-2, along with TMPRSS2, the serine protease that can enhance SARS-CoV-2 
viral entry. 

Learn more about lung organoids at: SigmaAldrich.com/lungorganoids

Figure 2. Mature lung organoids derived 
from human peripheral blood mononuclear 
cells (PBMCs) and HFF human iPS cells. 
Pulmonary endoderm (Sox9, EPCAM, NKX2.1), 
surfactant-producing type II alveolar epithelial 
cell (SFTPC and SFTPB), ciliated cell (Acetyl-
α-Tubulin), and airway goblet cell (Muc5AC) 
markers are expressed, shown on day 70. 
Nuclei were counterstained with DAPI. 
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Figure 3. Lung bud 
organoids express ACE2, 
the SARS-CoV-2 binding 
receptor and the serine 
protease TMPRSS2, which 
play an essential role in 
SARS-CoV-2 (COVID-19) 
infection and viral 
replication.

Lung Bud Organoids TMPRSS2/DAPIACE2

Part No. Description
SCC301 Human iPSC Derived AFE Progenitors
SCC271 Simplicon™ Human iPS Cell Line
SCM302 Definitive Endoderm Induction Medium
SCM305 Anterior Foregut Endoderm Induction Medium I

Part No. Description
SCM306 Anterior Foregut Endoderm Induction Medium II
SCM307 3dGRO™ Lung Organoid Branching Medium
SCM308 3dGRO™ Lung Organoid Maturation Medium
SCM301 3dGRO™ Organoid Freeze Medium
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