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Organoids recapitulates heterogeneity of organ
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Organoids: Three-Dimensional Living Models of Human Cell Complexity

Visual Proof

2D Cell LCO
Lines PDXModeis (Organoids)

Moderate

Fast Slow Moderate
[3-7 days] [4-8 months] [2-4 weeks]

Heterogeneity

Retention Good Good/Polyclonal

Throughput Moderate/High

Histological analysis confirms LCOs retain the
architectural features of the primary patient tumor.




Organoids: Three-Dimensional Living Models of Human Cell Complexity

2D Cell Culture Mouse Model 3D Human Lung Organoid
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ARTICLE

Patient-derived lung cancer organoids as in vitro
cancer models for therapeutic screening
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Cell Reports

Medicine

Using patient-derived organoids to predict locally
advanced or metastatic lung cancer tumor response:
A real-world study

Graphical abstract

A
Lymph node
v e— 1
Core biopsy

b

—s Malignant pleural
effusions

Lung cancer patient

C

{ (

S :

Chemotherapy & Targeted therapy

8
Surgery

LA

Tumor cells

— R ..
1 1 i '
[ A : i
[ e | 32 (1}
e W
Organcid culture bNA sequ;cnﬁg.
wi $ g
\
\/ Drug test R:
—_—
P20
. P00
‘.v‘ 'l L

oA
Predict

Clinical response

Proteomics analysis

Authors

Han-Min Wang, Chan-Yuan Zhang,
Kai-Cheng Peng, ..., Hua-Jun Chen,
Yi-Long Wu, Jin-Ji Yang

Correspondence

chenhuajun@gdph.org.cn (H.-J.C.),
syylwu@live.cn (Y.-L.W.),
yangjinji@gdph.org.cn (J.-J.Y.)

In brief

Wang et al. generated lung cancer
organoids (LCOs) derived from human
malignant serous effusions and tissues.
The LCOs accurately represented original
tumor features. Drug sensitivity tests
were performed to predict clinical
response. The results illustrated
enormous value of LCO as an in vitro
platform for personalized medicine of

lung cancer.
Cell Rep Med. 2023 Feb 21;4(2):100911
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An organoid co-culture model for probing systemic
anti-tumor immunity in lung cancer

Kaiyi Li 7, Chang Liu 1, Xizhao Sui ¢, Chao Li %, Ting Zhang ', Tian Zhao ', Dong Zhang ',

Hainan Wu 3, Yuhan Liu 4, Shuai Wang > Yingshun Yang > Baobao Lin ' , Wenyan Wang 6
Fan Yang 7, Xiaofang Chen &, Peng Liu °

Affiliations + expand
PMID: 40513558 DOI: 10.1016/).stem.2025.05.011

11



Organoid co-culture model

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 (ICl).

Prediction of clinical effiicacy
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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

Tumour/healthy Organoid Modelling CART cell
tissue generation treatment response testing

Comparative Individualized
characterization organoid profile




Validation of LCO with multi-omics

UMAPI

16



CAR T cell-mediated killing of TOs

TO9S TO12

Polyclonal T cell ‘

activation
Day O: Day 2: Day 5: Day 12: Day 14:

T cell isolation KI CAR KI Check MACS CAR purification Organoid killing assay
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Lung Cancer Organoid in CNUH

iNn CFESRENNRERN AR N|
| T INNENBENNEEEN
' “nu.ul l!@"‘””““- IGENNEEEEERRER
} o
" llll---_",/.”llﬂlﬂlllt.!!i.lllI!l'




 #1. Early Lung Cancer Organoid

* Long-term Whole Cigarette Smoke Extract (WCSE)
Exposure Model

19



Establishment and Applications of a Long-term Whole Cigarette Smoke
Extract (WCSE) Exposure Model in Human Lung Cells and Organoids

Whole cigarette smoke extract InBeas-2B cell  In Human Lung Organoid
(WCSE)

Connect to vacuum pump
—= =

Cigarmte/v

l Treatment with WCSE (100ug/ml) for 40 weeks

T-Human Lung Organoid

Application
Bright field CCK assay

= Gr
- Group B
+- Group C

s

Single cell RNA Next Generation
Sequencing Sequencing
F|0W cytometry Cell type expression profile Clustering & cell type identification Z “ I
:e-EllI 1] .
cer2 MM { | | -
cers MM

L |

2 ; & 211201
DNAfragments D Gbrary

Side light scatter (SSC)

Under review




Multi-Dimensional models for investigating Cigarette smoke-induced lung
carcinogenesis

Human lung cells Human Lung organoids

Model validation after cigarette exposure Model validation after cigarette exposure

s

TCGA analysis

MMMMM

Mechanistic Validation
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N = i b
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#2. Organoid Biobank
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#3. Organoid 3D holotomography and live imagin
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Conventional Workflow of Immunotherapy
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> Cancer Res Treat. 2025 Oct 28. doi: 10.4143/crt.2025.548. Online ahead of print.

Predictive Role of Baseline Peripheral Lung SUVmax
on PET/CT for Immune-Related Pneumonitis and
Adverse Events in Lung Cancer Patients Treated with
Immune Checkpoint Inhibitors

Kun Ho Kim 1, Seong Min Kim 1, Jeong Eun Lee 2, Song Soo Kim 3, Da Hyun Kang 2,
Chaeuk Chung 2

> Lung Cancer. 2026 Jan:211:108879. doi: 10.1016/j.lungcan.2025.108879. Epub 2025 Dec 13.

Multiomic analysis of treatment-naive NSCLC before
the era of neoadjuvant immunotherapy reveals
contrasting immune phenotypes in stage IIIA: node-
dominant (T1N2) exhibiting hot versus tumor-
dominant (T4No) cold features

Duk Ki Kim T, Yooyoung Chong 2, Min-Kyung Yeo 3, Da Hyun Kang ', Joo-Eun Lee 4,
Hyun-Yi Kim 2, Min-Woong Kang ©, Chaeuk Chung 7




Solution: Live 3D Imaging

Real World

3-Dimensional

Level A

Level B

What We Measure

2-Dimensional

2D view

Single Time Point

Our Solution

Non-Invasive 3D Imaging
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Tumor Organoid Microenvironment (TOME)
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Real-Time Holotomography of TOME

Patient Derived
' Lung Cancer Organoid
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Result
In vitro Immunotherapy Responses
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Result
Deep Learning-Based Single TIL Segmentation

Unlabeled Labeled

Tumor-TILs Interaction

Unpublished
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Result
Validation: Immunophenotypes of TlILs

@: ROI Selection @: Object Segmentation

Holotomography

scence

Unpublished
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Result
Holotomogram-Based Features for Identifying Immunophenotypes

Holotomography
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Morphology-Based Immunophenotyping

\ TOIL
@ Classification
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Quantitative Features of TOILs
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Morphology-Based Biomarkers of ICI Response
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Morphomics & scRNAseq
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#3. Validation of Organoid by 3D Morphomics



Why Validation of Lung Cancer Organoids Matters

Pure tumor organoid : 17%

Cell Reports

Challenges in Establishing Pure Lung Cancer
Organoids Limit Their Utility for Personalized
Medicine

Organoid culture Organoid culture

Lung cancer H&E slide (early passage)  (late passage) Clinical study
Patient :—)‘r‘ggngaigcer Drug screening - Fail
n High proportion T
n of cancer cells
Current

n Low proportion

of cancer cells

organoid

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.
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Al-Driven Organoid Analysis from Live 3D Imaging

Suboptimal enrichment of malignant cells
Dynamic cellular and genetic alterations

Mitosis

Live image, No labeling
Organoid scRNA sequencing 3D Image

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




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

3D Multi- Spatial
image omics genomics

Supervised learning

CNN-based
Deep learning

Lung cancer organoid
Bank Labeled big data

Holotomography

3D
holotomography

Al assisted
Organoid Analyzer

Multiomics
data

Pathology, ge, c profile,
Target therapy, Immunotherapy,
Response, Adverse event

Validated organoid
-100% cancer, 100% normal cell
-Mixed organoid

Spatial
genomics
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Bank of Organoid 3D images




Organoid Characterizing by 3D holotomography
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Result Interpretation
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Al Automatically Analyzes Organoid Characteristics from
Real-Time, No-Label, Live 3D Imaging

Supervised learning Pure cancer

Real time, live organoid CNN-based Organoid
2D imagmg Deep learning

Al assisted
Organoid Analyzer

Normal lung
Organoid




#4. Modeling Drug and

Radiation Resistance with

Patient-Derived Organoids

Cancer cell

Potential DTP cell

DNA damage repair Metabolic reprogramming
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Establishment and multi-faceted comparative analysis
of acquired resistance organoid models

Establish of Acquired Resistance Organoids Comparative Analysis
Histopathology
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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

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

Overview of breathable lung model
HMZESH 7N

CEL R R LM . CEUEES
L) ‘ !

3 dpd 7 dpl 10 dpt
=i g‘_----
. - - : > -
» " o 5
B
Codominicots | Colupuni Pt Type 151 ool o ~Endothlium 2.........'.'...
Inkjet bioprinting

» Air-iquid interface culture

(X202 0|23 YIASA FH] (S MK XX e SR

High M_ GeIMA LowM_ GelMA GelMAhydroge!

P

_/'ét/on:oo:nu “_ ~"" ECum, 701t210|M
Y} 1o nv" 8 TN
Iog (Romdcnwlt) [uM) log“(Molnuplmvlr] hAM]

i
- Biomstenals., 2024
[% A= N7 h

/

»
%
»
w04
il
E

Antiviral activity [%)
Antiviral activity [%)

I
)

L i - 7). ZnO NMs P .Y
7 . A _‘ “.“( TR -

L S y Mistology Cellcell junction  Apoptosis  Pro-inflammation

EQ@

liscromol. Biosci., 2023

2 e ALY

Flexible electrode

. D PEDOT:PSS
Transwell (cell cuiture insert) =2 (_\,“': interface
(i) s YR¥ et -
I g P l J o POSE ) < 2| 3D lung model
o : . JF. CONE
Exhalation ™ ’ m ~ L T R A oyt ~ Stretchable
. i |
VN

= Hydrogel membrane Sy o . . hydrogel

(ii)

- . ] u ~ PEDOT+Gold

s » . s q lt ! W

* " p . [ = - . H Fhenes ’-M’“\w“-
: p=g 1 o herle o hasans
| 5 \ q B qr B . i W vk
Vet ioprnted lurg fasve N & Cutre meen Inhalation i ?7 - 7 ) 2 - 30 bematnimin 40 beettvinis
1

20 trestvimia
1

pDSTEEH Biomatenals, 2025 e ra BiPP




Mechanical stretch modulate physiology & pathophysiology

3D in vitro Breathable lung model

Inhalation ‘JL[»’
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Breathing dynamics affect Virus infection and drug Disease model
cellular property efficacy test (Cancer)




Developmemt scaffold for breathable lung model

> Fabrication of stretchable hydrogel membrane

Materials for hydrogel membrane Surface tension assisted manufacturing

TMSPMA
sl coating \-#. r uv
O o
1 -

O

a L ﬂ - -ll g [ = 1
f ~ NH, ¢ Sol state Sol state \ i
§ o) L GelMA + AAM Sol state
AN Acrylamide
2/& (AAm)
Gelatin methacryloyl
(GelMA)
Bio compatible * Reduce surface
Stretchable tension
j 3

High surface tension Low surface tension




3D bioprinting of lung model on the hydrogel membrane

> Fabrication process of printed lung model » Characterization of histolgical property

Collagen IV

uv * ‘

Microextrusion

Epithelial layer

S > -Basement nembrane '
‘ > ) 2 - Fibronectin
' =4 LEndothelial layer -
i Hydrogel membrane

Extracelluar matrix

Endothelial layer (ECM) layer

Epithelial layer

GelMA+AAM
membrane

Our lung model has thin three-layer structure by using 3D bioprinting.
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Reproduction of physiological breathing mechanics

> Breathable chamber
Exhalation ,sﬂ[,

Pressure
Pressure sensor

controller

ol Air-flow
UBRALA*A L

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.
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Reproduction of physiological breathing mechanics

> Lung model mechanical property analysis » Dynamics of breathing
Sleep
, : = AS 10%
Time-Pressure curve Pressure-Strain curve
= 8 BPM
2 25
37 20 _/'/./ -
_. X ./'d./
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Breathing mechanics mimetic chamber reproduce various breathing = 30 BPM

dynamics and allows for the observation of tissue movement in response to
internal chamber pressure.




#2. Digital Twin (Digital Organoid)

Science ,_lMQby",DiCK_Z .. .. Pipelines Team News, Contact

biorsvert = e

System biology leveraging computational modeling and digital
twins to understand and interact with complex biological systems
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AlphaFold

AlphaFold
Protein Structure Database

Home About FAQs Downloads API

AlphaFold
Protein Structure Database

Developed by Google DeepMind and EMBL-EBI

Examples: MENFQKVEKIGEGTYGV... Free fatty acid receptor 2

At1g58602 Q5VSL9 E. coli
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A Digital Twin Platform Based on a lung cancer
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OMEGA: Organoid-based Microenvironment-Embedded Graph-Al architecture for Drug Evaluation
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ook Translational Research (From Bed to Bench to Digital, and Back to Bed)
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| QF C|X|E E{ E3E (Omega Digital Twin)

Organoid-based Microenvironment-Embedded Graph-Al architecture
for Drug Evaluation
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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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