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Organoid: Organ + oid (~Resemble Sth)
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Organoids recapitulates heterogeneity of organ



Organoids: Three-Dimensional Living Models of Human Cell Complexity
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Organoids: Three-Dimensional Living Models of Human Cell Complexity
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2D Cell Culture Mouse Model 3D Human Lung Organoid



FDA, 식약처도 “마우스 그만“ 오가노이드가 바꾼 전임상 지도
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We established a gel-liquid interface (GLI) co-

culture of lung cancer organoids (LCOs) and 

paired peripheral blood mononuclear cells 

(PBMCs), featuring with enhanced interactions 

of immune cells and tumor organoids, to mimic 

the in vivo systemic anti-tumor immunity 

induced by immune checkpoint inhibitors (ICI). 

Organoid co-culture model



Confocal image and scRNA-seq in co-culture system 
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Confocal Fluorescence microscopy of LCO co-cultures  

scRNA-seq data of lung cancer blood
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A schematic of the lung TO therapy testing platform
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Validation of LCO with multi-omics
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CAR T cell-mediated killing of TOs
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Lung Cancer Organoid in CNUH 



• #1. Early Lung Cancer Organoid 

• Long-term Whole Cigarette Smoke Extract (WCSE) 
Exposure Model
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Cigarette extract+gaseus

Establishment and Applications of a Long-term Whole Cigarette Smoke 

Extract (WCSE) Exposure Model in Human Lung Cells and Organoids

Whole cigarette smoke extract

(WCSE)

Under review



Model validation after cigarette exposure

Omics analysis

Mechanistic Validation

NRF2

-Actin

BEAS-2B TBEAS-2B

NQO1

Human lung cells Human Lung organoids

Model validation after cigarette exposure

V T-LO

Omics analysis

TCGA analysis Mechanistic Validation

Multi-Dimensional models for investigating Cigarette smoke-induced lung 

carcinogenesis

Under review



#2. Organoid Biobank 
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#3. Organoid 3D holotomography and live imaging



Conventional Workflow of Immunotherapy 

Fail…
Why?

Pathologist Examination 

PD-L1 High

Tx. Decision

PreparationBronchoscopy Biopsy

H&E, IHC
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Solution: Live 3D Imaging

Real World

3-Dimensional

Dynamic TME
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Single Time Point 

What We Measure Our Solution

Real Time Imaging

Non-Invasive 3D Imaging
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Tumor Organoid Microenvironment (TOME)

TOME



Real-Time Holotomography of TOME

Patient Derived
Lung Cancer Organoid

Tumor Organoid
Infiltrating Lymphocytes (TOILs) Refractive Index
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In vitro Immunotherapy Responses

Unpublished

ICIs
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Result

Deep Learning-Based Single TIL Segmentation

Segmentation Anything Model

Unlabeled Labeled Tumor-TILs Interaction

Unpublished
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① ②

①: ROI Selection ②: Object Segmentation 3D HT MIP 2D HT PD-1 Merge

Result

Validation: Immunophenotypes of TIILs

Holotomography

Fluorescence

Unpublished
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Embedded
Latent FeaturesEncoder

Holotomography

19.4 %

35.6 %

Feature 1 

Feature 2 

Feature N 

Feature 3 

. . .

Fe
a
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s

TILs
in collaboration with prof. 박용근 at KAIST Unpublished

IP 1

IP 2

IP 3

IP 4

Time

Result

Holotomogram-Based Features for Identifying Immunophenotypes
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Morphology-Based Immunophenotyping



Quantitative Features of TOILs



Morphology-Based Biomarkers of ICI Response



Response:

Nonresponse:

T cell 
Harvesting

Morphomics & scRNAseq



#3. Validation of Organoid by 3D Morphomics
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Current

Organoid culture
(early passage) 

Lung cancer
Patient 

H&E slide 

Organoid culture
(late passage) 

Drug screening 

Clinical study
→ Fail

High proportion 
of cancer cells

Low proportion 
of cancer cells

Lung cancer 
organoid 

Normal lung 
organoid 

Why Validation of Lung Cancer Organoids Matters

Pure tumor organoid : 17% 

2020.5
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Results from unvalidated lung cancer organoids are unreliable.

There is no way to monitor organoid status in real time.

Once sent for NGS or scRNA-seq, the organoids are destroyed.



Early 

late 

Early 

Late 

cancer normal

Organoid scRNA sequencing

Q. How can we monitor the state of 
organoids in real time?

Live image, No labeling 
3D image

Suboptimal enrichment of malignant cells
Dynamic cellular and genetic alterations 

AI-Driven Organoid Analysis from Live 3D Imaging
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Lung cancer organoid 
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Labeled big data CNN-based
Deep learning

Development of an AI-Based Platform for Lung Cancer 
Organoid Multi-Omics and 3D Imaging Big Data
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AI assisted 
Organoid Analyzer

Validated organoid 
-100% cancer, 100% normal cell 
-Mixed organoid
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Bank of Organoid 3D images
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Organoid Characterizing by 3D holotomography



Real time, live organoid 
3D imaging 

Supervised learning 

CNN-based
Deep learning

AI assisted 
Organoid Analyzer

Pure cancer 
Organoid 

Normal lung 
Organoid 
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AI Automatically Analyzes Organoid Characteristics from 
Real-Time, No-Label, Live 3D Imaging



#4. Modeling Drug and 

Radiation Resistance with 

Patient-Derived Organoids
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Establishment and multi-faceted comparative analysis 
of acquired resistance organoid models



2025년도 대한 결핵 및 호흡기 학회
산하 분자 폐암 연구회 연구 과제
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환자유래 폐암 오가노이드를 활용한 약물 내성 지속세포 상태 모델링 

및 EGFR 변이 폐암의 3세대 EGFR-TKI 내성 기전 규명 및 극복



3rd Generation EGFR-TKI tolerant persistent LCO 
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3rd Generation EGFR-TKI resistant LCO 
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3rd Generation EGFR-TKI resistant PDOX mouse  
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PE#16-EGFR 

mutation

PE#13-Kras 

mutation

P0,D1

4
P0,D1

4

Oral zonde

Patient-Derived Organoid Xenograft
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#1. 3D printed breathable lung model
(BIO-Chip)
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#1. Collaboration with Bio-chip
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Mechanical stretch modulate physiology & pathophysiology

Breathing dynamics affect 

cellular property

Virus infection and drug 
efficacy test

Disease model

(Cancer)

3D in vitro Breathable lung model 



58

Materials for hydrogel membrane

High surface tension Low surface tension

Gelatin methacryloyl

(GelMA)

Acrylamide

(AAm)

• Bio compatible

• Stretchable

• Reduce surface 

tension

Surface tension assisted manufacturing

GelMA + AAm

➢ Fabrication of stretchable hydrogel membrane

Developmemt scaffold for breathable lung model
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➢ Fabrication process of printed lung model

Our lung model has thin three-layer structure by using 3D bioprinting.

➢ Characterization of histolgical property

3D bioprinting of lung model on the hydrogel membrane
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∆ S 15%, 0.2 Hz

➢ Breathable chamber

A stretchable lung model was cultured in a breathable chamber capable of applying negative pressure and air-exposed 

conditions to reproduce human lung physiological environment.

Pressure

controller

Media 

reservior

Air flow

Pressure

sensor

Air flow

3D lung model
Exhalation

Inhalation

-

+

Reproduction of physiological breathing mechanics

++

- -
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Breathing mechanics mimetic chamber reproduce various breathing 

dynamics and allows for the observation of tissue movement in response to 

internal chamber pressure.

➢ Lung model mechanical property analysis ➢ Dynamics of breathing

Reproduction of physiological breathing mechanics

Sleep

▪ ∆ S 10%

▪ 8 BPM

Sleep

▪ ∆ S 10%

▪ 12 BPM

Exercise

▪ ∆ S 20%

▪ 30 BPM



#2. Digital Twin (Digital Organoid) 
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System biology leveraging computational modeling and digital 
twins to understand and interact with complex biological systems



AlphaFold
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A Digital Twin Platform Based on a lung cancer
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OMEGA: Organoid-based Microenvironment-Embedded Graph-AI architecture for Drug Evaluation
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폐암 디지털 트윈 플랫폼 (Omega Digital Twin)

Organoid-based Microenvironment-Embedded Graph-AI architecture 
for Drug Evaluation
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Bench to Digital 
(Omega Twin) 
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From Digital 

to Bench (Drug screening) 
& Bed (Precision medicine)
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Take Home Message 

1. Organoid-Based Precision Lung Cancer Remodeling and Limitations 

- Validation of lung cancer organoids (LCOs) using multi-omics approaches and co-culture systems 

with immune cells and CAR-T cells

2. Cigarette Smoke–Induced Lung Carcinogenesis Model in Lung Organoids

3. 3D Holotomography for Visualization of Cellular Events and Components

- Comprehensive 3D imaging of dynamic cellular events and structural components

4. Morphomics-Based Prediction of Immune Cell and LCO Characteristics

5. Modeling Drug and Radiation Resistance Using Patient-Derived Organoids

6. Integration of Lung Cancer Organoids with Breathable Bio-Chips and Digital Twin Platforms
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Thank you for your attention 
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