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Organoid (mini-organ)

• ES cell or iPS cell, Adult stem cell 

→ Self organize in 3D culture (self renewal, differentiation)

• Miniaturized and simplified version of an organ

• Contain the multiple cell types of a particular organ

Organoid (Brain)

Lung organoids

Airway organoid Alveolar organoid
(Alveolosphere)

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application



Pro and Cons of Organoid 

Organoid-mesenchymal cell 
co-culture

Clinical study 



History of Organoid 



Intestinal organoid 

• Toshiro Sato, Single Lgr5 stem cells build crypt-villus structures in vitro 
without a mesenchymal niche, Nature, 2009 Toshiro Sato, 

Keio University

Dr. Hans Clevers
Roche, Head of Pharma Research 

and Early Development



Gene manipulation in Organoid 

Bon-Kyoung KOO, 
IBS 

Prof. Dr. Hans Clevers
Roche, Head of Pharma Research and 

Early Development



Lung stem cell 

Tyler Jacks, MIT

Carla Kim, 
Harvard University



Lung organoid 

• The first organoids derived from 
mouse tracheal basal cells were 
called tracheospheres.

• Tracheal stem cell: Basal cells 
expressing Trp-63 (p63) and 
cytokeratins 5 (Krt5) and Krt14
(Rock et al., 2009).

Single viable KRT5-GFP BCs (P6) or KRT5-GFP (P5) 
tracheal epithelial cells

Brigid. M. Hogan
Duke university



Brigid. M. Hogan
Duke university



Type 2 alveolar cells are stem cells in adult lung

J Clin Invest DOI: 10.1172/JCI68782, 2013



Alveolar stem cell: HTII-280 + cell 

CD31- CD45- Epcam+ HTII-280+ (AT2) cells can be used 
to produce alveolar organoids

HTII-280: a Biomarker Specific to the Apical Plasma 
Membrane of Human Lung Alveolar Type II Cells
: J Histochem Cytochem. 2010 Oct; 58(10): 891–901.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942742/


Airway stem cell: HTII-280 (-) cell 

CD31- CD45- Epcam+ HTII-280- (basal cells, club 

cells, etc.) can be used to produce airway 

organoids

NGFR(Nerve Growth Factor Receptor) for sorting 
basal cells



Lung organoid 

Airway organoid: Basal cell Development (2017) 144 (6): 986–997.

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application

Alveolar organoid : Type 2 pneumocyte



The mesenchymal cell determines the fate of lung organoid 

Clara Kim, 
Harvard University

Joo-Hyeon Lee
Cambridge university 



Organoid culture media

Int. J. Mol. Sci. 2016, 17(1)

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application

BMP-4, FGF-7/10, Wnt

Lung mesenchymal cells

FGF7, BMP, IL-6 signaling defines the alveolar 
niche secretome: receptome

FGF7/10, Wnt

Noggin(BMPi) 

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application

& lung development, mesenchymal cells



Media components for culture of human airway organoids 

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application



Lung organoid culture media 

Reference Intestinal 
organoid media 
(Sato et al. 2011)

Human alveolar 
organoid media 

(Nickolic et al. 2017)

Human airway 
organoid media 

(Sachs et al. 2019)

Modified 
media 

composition

R-spondin 1
WNT 3A

Noggin (BMPi)
FGF 10 

A83-01
SB202190
EGF

Nicotinamide
B27
Gastrin

R-spondin1
WNT 3A or 
CHIR99021 

Noggin (BMPi)
FGF 7/FGF 10 

A83-01
SB431542
EGF

Nicotinamide 
B27
N-acetylcysteine

R-spondin 1 

Noggin (BMPi)
FGF 7/FGF 10 

A83-01
SB202190

Nicotinamide 
B27
N-acetylcysteine

ROCK inhibitor(Y27632) 

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application

Alveolar organoid 

Airway organoid 



Translational Research with Lung organoid



Lung cancer Organoids Co-cultured with Autologous Tumor-Reactive T Cells



Identification of intermediate cells for Lung regeneration

Joo-Hyeon Lee
Cambridge university 

Jinwook Choi, 
GIST



Damage-Associated Transition Progenitors



Lung cancer organoid Banking 



Malignant effusion, metastatic site specimen
--> lung cancer organoid  

Organoid Lung organoid Lung development Mesenchymal cell Culture media Clinical application

Precision medicine with Lung cancer organoid 



Lung cancer organoid harboring EGFR exon 20 insertion



The effects of smoking on the lung organoid 

Whole cigarette smoke condensate (WCSC)

Mitochondria dysfunction

SBS4 is associated to direct DNA damage by tobacco 
smoke mutagens





Challenging points in lung cancer diagnosis and treatment 

1. Biopsy is crucial but challenging in lung cancer management.

2. Immunotherapy for cancer treatment: A double-edged sword: Avoid severe adverse events 

3. Lack of Predictive Biomarkers for best choice for this patient? 



Challenging points in lung cancer diagnosis and treatment 

1. Immunotherapy for cancer treatment: A double-edged sword: Avoid severe adverse events 

2. Lack of Predictive Biomarkers for Best Drug for this patient? 



Challenging points in lung cancer organoid 

1. To create personalized medicine, it is necessary to develop a lung cancer organoid using 

tissue from a biopsy.

2. It is very difficult to make a lung cancer organoid with a conventional biopsy tissue 

(especially with peripheral lung cancer).

3.  It is challenging to predict the proportion of cancer cells within a lung cancer organoid.

Endobronchial ultrasonography, 
Cryobiopsy

High cancer cell purity 
Lung cancer organoid 



Overcome the big hurdle of lung cancer organoid

1. Surgery tissue is available only for early lung 
cancer patients. 

2. Success rate of organoid culture derived from 
biopsy sample is low. 



1기
(29.7%)

2기
(8.4%)

3기
(18.2%)

4기
(43.7%)

수술 가능

비수술적 조직 생검 (원발 부위)

종격동/경부 임파선 조직 생검 전이병변 조직 생검, 악성 흉수 세포

폐암 재발, 진행시 재조직 검사(re-biopsy)

비소세포 폐암

제한성
(29.7%)

확장성
(70.3%)

수
술

비수술적 조직 생검

임파선
조직생검

전이, 악성 흉수, 
임파선 생검

재조직 검사

소세포폐암

고순도 폐암 오가노이드
(High purity lung cancer organoid)

비수술(생검)조직 유래 
폐암 오가노이드

비수술 조직 생검을 이용한 폐암 오가노이드 

Drug screening 
in 2~3 weeks for 
personalized medicine



(Percutaneous needle biopsy)

Lung cancer organoid derived from small biopsy tissue

CNUH

(Bronchoscopic biopsy)

(Linear, Radial EBUS)



Radial EBUS 

CNUH



Lung cancer organoid derived from cryobiopsy samples 

High purity of lung cancer cell



Forcep biopsy와 Cryobiopsy 비교

급속동결-해동법 일반겸자생검

1 66/남 오가노이드배양성공 오가노이드배양실패

2 68/남 오가노이드배양성공 오가노이드배양실패

3 84/여 오가노이드배양실패 오가노이드배양실패

4 61/여 오가노이드배양성공 오가노이드배양실패

5 44/여 오가노이드배양성공 오가노이드배양실패

6 58/남 오가노이드배양성공 오가노이드배양성공

The more organs, the more stem 
cells for organoid 

Usual organoid forming efficiency 
is 1/100~1/1000



Human lung organoid culture protocol



Cell isolation → single cell로 만들기

1. Chopping & Enzyme digestion : Tissue fragments를 Cold

PBS 로 washing 해 준 후 최 대 한 chopping 하 고 , DMEM/F12를 넣 고

37℃에서 2hr동안 반응시킨다.

(enzyme digestion을 생략하고 homogenizer를 포함한 mechanical

digestion만 하기도 함)

2. Pipetting으로 여러 번 섞어 주고, 70㎛ cell strainer로 걸러준다.

1. Chopping

Homogenizer 2. 70um strainer filter



Cell isolation

3. Centrifuged at 112 x g for 3min

4. 상등액은 버리고 RBC lysis→ centrifuge

5. Cell pellets washing-->centrifuge

3.  Centrifuge→ pellets 4. RBC lysis

Centrifuge → pellets 5. Washing



Cell isolation

6. Pallet 에 100ul 의 Growth medium DMEM/F12 을 넣 고

suspension.

7. 50~100ul cell을 100ul Matrigel (Corning, 354230)을 넣고 (Cell :

Matrigel = 1 : 1~2 비율) bubble이 생기지 않게 섞어준다.

6. Cell suspension

7. Seeding (cell embedding in Matrigel) in 48 well plate

0~4 ℃ 온도에서는 액체상태로 존재하지만, 
실온 이상의 온도가 되면 중합체를 형성하여 
겔 상태

Matrigel

8. Plate 뚜껑을 닫고 뒤집어서 37℃ incubator에 15~30분 정도

incubation 시키면서 천천히 dome 형태로 굳힌다.

9. 15~30분 후 꺼내서 plate를 정방향으로  뒤집은 후 , 300ul

media을 Matrigel에 닿지 않게 well side 쪽으로 넣어준다.

7. 배지는 3~4일에 한번씩 바꿔주며, passage는 1~3주 후에 해준다.

오가노이드마다 자라는 속도가 다르기 때문에 중간중간 현미경으로 

확인 후 passage해준다.

Media
Single cells in 

Matrigel



Enzyme free CNUH method Enzyme method

Airway organoid media

Alveolar organoid  media

Minimum organoid  media

Airway organoid media

Minimum basal media

Scale bar 50㎛

P0D10

P0D10

P0D10

P0D10

P0D10

Minimum organoid  media



Passaging

1. Matrigel 녹이기: media를 제거하고 Cold PBS를 굳어 있는 Matrigel에

떨어트린 후, pre-cooled pipette으로 모은다.

2. Centrifuged at 112 x g for 3min at 4℃.

3. Sup. 은 버 리 고 , cell pallet 에 2ml TrypLE Express (Thermo fixer;

12304013)을 넣고, 37℃에서 10min 동안 incubation.

4. 10ml DMEM/F12 (containing 10% FBS)을 넣고 washing한다

5. Centrifuged at 112 x g for 3min at 4℃.

6. Sup. 은 버 리 고 , cell pallet +Media : Matrigel = 1 : 1~3 으 로

resuspension.

7. 새로운 plate에 seeding 해준다.

0~4 ℃ 온도에서는 액체상태로 존재하지만, 
실온 이상의 온도가 되면 중합체를 형성하여 
겔 상태

Matrigel

Centrifuge → pallets

Media 녹이기 Cold PBS 



Cryopreservation of organoid 

1. Cold PBS를 굳어 있는 Matrigel에 떨어트린 후, pre-cooled pipette으로 모은다.

2. Centrifuged at 112 x g for 3min at 4℃.

3. 한번 더 washing 해준 후, Centrifuged at 112 x g for 3min at 4℃.

4. Freezing media : culture media 7 : ES grade FBS (Gibco) 2 : DMSO (sigma) 1에

cell pellets suspension해서 Cryo-vial에 넣는다.

5. Cryo-vial을 freezing container에 넣고 deep freezer → 액체 질소 보관

천천히 얼리고.

DMSO: 동결보존제

Freezing 
Container

Cryo vial



Thawing of cryopreserved organoid

1. Cryo-vial을 37℃ water에 녹여준다.

2. 10ml medium으로 pellet을 suspension

3. Sup.은 버리고, seeding method step을 진행한다.

빠르게 녹이고.



Validation of lung cancer organoid 

Organoid Growth Validation of cancer Co-culture Disease modeling Tumor heterogeneity Clinical application

• Morphology, histology, Immunohistochemistry (p63 expression, polarity)

• Copy number variation, Variant allele frequency, Mutation profile, Gene expression 

Mutation profile 

Tissue vs LCO Early vs Late 
Passage

Copy number variation

Normal Lung cancer 



Scientific validation

• Pathology

• 3D Imaging → TomoCube

• Single cell RNA sequencing

• Next Generation Sequencing  

• Mechanostransduction (Matrix stiffness)

• Culture media optimization, Co-culture 



H & E staining of normal lung organoid and lung cancer organoid 



Scale bar 50㎛

Normal 
lung organoid 



Lung cancer 
organoid 

Scale bar 50㎛



The representative pictures of H&E staining and IHC staining 

of lung cancer organoids



Diverse subcellular-level features of lung organoid 





Tumor small biopsy lung organoid; Fixed

XY Slice XY Movie



Tumor small biopsy lung organoid; Fixed

XY Slice XY Movie



(2,221 cells)

(2,080 cells)

(3,141 cells)

(2,138 cells)

Total 9,580 cells after filtering

Adenocarcinoma

Non-neoplastic

Single cell RNA sequencing of Lung cancer organoid  



Single cell RNA sequencing of Lung cancer organoid  



SB#182-2 (Adenocarcinoma, RLL)

chr17 EBBR2 amplification

Detection of rare mutation by using lung cancer organoid 



Purity of cancer cell in small biopsy tissue

Small tumor with many normal cells
→ LCO with low cancer cell proportion

Large tumor, advanced lung cancer
→ LCO with nearly 100% cancer cells  



Co-culture with fibroblast



폐 오가노이드 크기 및 개수 변화 확인



Drug screening (Micropillar)



폐암 항암제 감수성 검사

실험정보

Cell number 5000 cells/pillar/1.5ul

ECM info. Matrigel (CORNING, Cat No. 354230)

Drug treatment 72h incubation, 7 dose, 3-fold dilution 

Drug Info. • Gefitinib (Sellckchem, Cat No. S1025) 

• Afatinib (AdooQ Bioscience, Cat No. A10141)

• Osimertinib (AdooQ Bioscience, Cat No. A13681)

• Alectinib (AdooQ Bioscience, Cat No. A18000)

• Crizotinib (AdooQ Bioscience, Cat No. A16245)

0 Day 3 Day 6 Day

Cell seeding 약물 처리 Scan & ATP 측정



Plate layout

약물
번호

약물 최고농도 Solvent Dilution 비

1 단독1 Gefitinib 200uM DMSO 3

2 단독2 Afatinib 50 uM DMSO 3

3 단독3 Osimertinib 50 uM DMSO 3

4 단독4 Alectinib 50 uM DMSO 3

5 단독5 Crizotinib 50 uM DMSO 3

1 432 5



# Results
Gefitinib Afatinib AlectinibOsimertinib Crizotinib



# Results
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IC50(uM) AUC

Gefitinib 8.3 148.3

Afatinib 0.79 125.1

Osimertinib 1.8 133.9
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폐암 오가노이드 임상 활용 플랫폼 구축 

[Lung cancer] 

CNUH 
Small biopsy

Surgery

Organoid 
Culture

Pathology: CNUH 

3D imaging: Tomocube

Next Generation Sequencing

Single cell RNA sequencing 

Drug screening 
- Target therapy
- Cytotoxic Chemotherapy
- Immunotherapy 
- NK cell, ADC 

Organoid culture media & Matrix
- LABTOLAB, KAIST 
- GIST, Cambridge university 

Scientific 
Validation

Clinical 
application

Novel drug screening
Personalized medicine





특허, PCT, 기술 이전, 사업화



오가노이드 심포지움, 기술 사업화



Future Research Plan

1. Establishment of a Predictive Model for the Efficacy and Side 
Effects of Immune Checkpoint Inhibitors in Lung Cancer by Co-
culturing with Immune Cells Using Lung Cancer Organoids.

2. Development of a Deep Learning-Based Model Using 
Holotomography Imaging to Differentiate between Lung Cancer 
Organoids and Normal Lung Organoids and to Measure the 
Proportion of Cancer Cells.

3. Enhancing the Efficacy of Immunotherapy and Overcoming 
Resistance in Lung Cancer by Modulating YAP and PD-L1 through 
Matrix Stiffness



Take Home message : Check points in Organoid

1. What is the stem cell type and stem cell markers in this organoid?

2. What is the organoid formation efficiency in this model?

3. What are the media components in this organoid?

4. Is this organoid capable of long-term passage culture? And how long ? 

5. Does this organoid grow well after thawing from cryopreservation?

6. Is this truly a cancer organoid? Are you sure? 

7. What is the proportion of cancer cells in this organoid?

8. How can the purity of cancer cells be increased in this cancer organoid?



Determining how and where to employ organoids is 
of utmost importance 

Organoid is an ipad pro 12.9 inch 
with apple pencil. 



Thank you for your attention 

연구중심병원육성(R&D)사업

감염 제어 컨버전스 연구센터

Infection Control Convergence 

Medical Research Center (MRC)

Cambridge University

Stem cell Institute

(Dr. Joo-Hyeon Lee)

GIST (Jinwook Choi)

KAIST (Jeong Seok Lee)

KAIST (Yong Ken Park)

KAIST (Jong Eun Park)
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