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Agents Dosage Effect to gastrointestinal organ References
1BD Schisandrin C 5-40 pM Improves intestinal permeability Kim et al. (2022)
Enhanced epithelial barrier formation
uc High-concentration acetate | 100 mM Protects intestinal barrier Deleu et al. (2023)
Anti-inflammatory
1BD (Epi) catechin 0.03-3 mM Damage to the intestinal epithelium Guo et al. (2023)
BD Metformin 1 mM Anti-inflammatory and improves intestinal permeability Hahn et al. (2024)
1BD Lactobacillus reuteri 100 pM Repairing intestinal damage Wau et al. (2020)
Maintaining intestinal epithelial regeneration and homeostasis
uc KAG-308 3 mg/kg qd Anti-inflammatory Nishimura et al. (2019)
Promotes regeneration of intestinal epithelial cells
Enhances mucus production
cD EYTA 50 pM Suppression of ECM genes associated with stenosis Jurickova et al. (2022)
Butyrate 10 mM Suppression of collagen content and tissue stiffness
cD Spironolactone 0-250 pM. Blocking the organoid fibrosis response Rodansky et al. (2015)
cD Prednisolone 10 uM. Preventing barrier dysfunction Xu et al. (2021)
HP lapatinib 20 pM Decreased the survival of H. pylori in infected organoids Buti et al. (2020)
Cherry-CAP NA
Rotavirus IFN-a 1,000 1U/mL. Inhibition of rotavirus replication Yin et al. (2015)
Ribavirin 10 pg/mL.
SARS-CoV-2 | Remdesivir 0-100 pM. Inhibition of SARS-CoV-2 replication Kriiger et al. (2021)
Rotavirus Gemcitabine 0-10 uM. Inhibition of rotavirus replication Chen et al. (2020)
HuNoV Ephedra herba 12.5-50 pg/mL  Inhibition of HuNoV replication Hayashi et al. (2023)
HuNoV Dasabuvir 5-20 M. Inhibition of HuNoV replication Hayashi et al. (2021)
HuNoV Nitazoxanide 0.1-10 pg/mL Inhibition of HuNoV replication Dang et al. (2018)
SARS-CoV-2  Imatinib 0.01-100 uM Inhibition of SARS-CoV-2 replication Han et al. (2021)
Mycophenolic acid
Quinacrine
Dihydrochloride
CRC GANT61 10 pM Enhances 5-Fluorouracil's chemosensitivity Citarella et al. (2023)
DAPT Inhibits invasiveness
ATO
CRC Aspirin 0.5-2 mM Rescue of the wnt-driven cystic organoid phenotype Dunbar et al. (2021)
CRC Butyrate 1 mM Enhance the efficacy of radiotherapy Park et al. (2020)
Protecs the normal mucosa
GC 55 drugs NA Inhibition of tumor cell proliferation Vlachogiannis et al. (2018)
GC 37 drugs NA Inhibition of tumor cell proliferation Yan et al. (2018)
CRC 83 drugs NA Inhibition of tumor cell proliferation Van De Wetering et al. (2015)
CRC XAV939 5pM Reduce abnormal proliferation Crespo et al. (2017)
Rapamycin 10 uM.
CF ELX-02 0-160 pM. Restore the CFTR function Crawford et al. (2021)
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cervical carcinoma

EC Endometrial cancer

oC Ovarian cancer

3D Three- dimensional

PARP poly ADP-ribose

HRD Homologous Recombination Deficiency
HGSOC High-grade serous ovarian cancer
LGSOC Low-grade serous ovarian cancer
OSE ovary surface epithelial

COL1 collagen 1

NRG1 Neuregulin 1

SFK SRC family kinase

ECM extracellular matrix

FAK Focal Adhesion Kinase

CDK cyclin-dependent kinase

HRR Homologous recombination repair
MCS Multicellular spheroid

EHS Engelbreth-Holm-Swarm

ECM Extracellular matrix

ERRa estrogen-related receptor a

PDX patient-derived xenografts

Kras Kirsten rat sarcoma viral oncogene homolog
CAF Cancer associated fibroblasts

ASO Antisense oligonucleotides

FGFR Fibroblast Growth Factor Receptor
HPV Human papillomavirus

SCNEC Cervical small cell neuroendocrine carcinoma
sccc Cervical small cell carcinoma
cCCC Cervical clear cell carcinoma

SqCa squamous cell carcinoma

AdCa Adenocarcinoma

sCy squamocolumnar junction

CESC Cervical squamous cell carcinoma
LUM Lumican

ACT Adoptive T cell therapy

TIL Tumor-infiltrating lymphocytes
PDTO Patient derived tumor organoids
BME Basement membrane extract

EV Extracellular vesicles

GSC Gynecological serous carcinoma
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Therapeutic class

Mechanisms

Study

type

References

Antidepressant -Amitriptyline

~Escitalopram

~Fluoxetine
~Imipramine

-Trazodone

-Olanzapine

Mouse-derived
spermatogonia and
Spermatocyte

-Formation of micronuclei

“Increase in telomeric binding factor (TRE1/
TRE2) protein expression

Initiation of apoptotic cell death

~Varied toxicity on mouse spermatogenic cells
~Decreased sperm concentration, motility,
and normal morphology; increased sperm

DNA damage

-Elevated serum levels of FSH, LH, and
testosterone

-Reboxetine
-Venlafaxine

Selective serotonin Fluoxetine

reuptake inhibitors
Sertaline

Citalopram
Escitalopram

Fluoxetine

Paroxetine

Antipsychotics Chlorpromazine

Haloperidol

Risperidone

Clozapine

~Augmented oxidative stress
Maladaptive offspring production flea Daphnia magna

“Increased sperm DNA damage and induced | Male rat
histopathological lesions

-Abnormal sperm morphology and increased
malondialdehyde (MDA) degeneration in
cellular-tubular structures

~Elevated serum LH and testosterone levels
-Enhanced oxidative stress (OS)

Testicular toxicity

~Decrease in sperm motility

-Abnormal sperm DNA fragmentation

~Increased activity of caspases-3, -8, and -9

~Elevated ROS (Reactive Oxygen Species) ~ Female rat

production

Rat’s ovarian theca
interstitial cells

-Decreased total intracellular glutathione
levels

-Heightened lipid peroxidation (LPO)

In vitro

In vivo

Clinical

In vivo

In vitro

Solek, et al. (2021)

Campos, et al. (2016)

Atli, et al. (2017)

Safarinejad, 2008
Koyuncu, et al,, 2011

Safarinejad, 2008; Adi, et al.,
2017

Tanrikut, et al,, 2010

Elmorsy, et al,, 2017

Olanzapine

Risperidone

~Elevated prolactin levels Man

-Reproductive hormone disorders identified

Antiepileptics
~Valporic acid
~Carbamazepine
~Ethosuximide

~Levetiracetam

Valporate

Sexual dysfunction observed

Initially upregulates Aldhla2 Zebrafish embryo

toxicity
~Subsequently downregulates Cyp26al

~Suggests a teratogenic mechanism

- Hatching and Motor Activity

~Pericardial Edema

~Motor Activity Suppression

-Elevated serum concentrations of
Testosterone

Women

~High prevalence of Menstrual Disorders,
PCO, and PCOS

Clinical

In vivo

Clinical

Konarzewska, et al., 2009

Beker van Woudenberg, et al.,
2014

Morrell, et al,, 2002; Asif, 2017

Oxcarbazepine

Carbamazepine

Lamotrigine

-Increased concentration of Androgens Man
-Abnormalities in sperm quality
~Reduced testicular volume
~Higher prevalence of PCO Women
~Higher serum concentrations of Androgens

~Higher serum concentrations of DHEAS

“Increased frequency of morphologically Man

abnormal sperm
~Lower serum testosterone levels

-Menstrual disorders linked to reduced
bioactive E2 levels, indicated by altered E2/
SHBG ratio

Women

~Reduced sperm concentration and high Man

frequency of poorly motile sperm

Induces hepatic P450 enzymes, clevating
SHBG levels and lowering bioactive androgens

~High incidence of abortion and embryo Female rat

lethality

Congenital malformations and intrauterine
growth retardation

~Decreased pup birth rate

Significant reduction in body weight Male rat

Vigabatrin
Gabapentin

Levetiracetam

Anti-cholinesterase Dimethoate

Chlorpyrifos

~Reduction in the weight of testes, epididymis,
seminal vesicles, ventral prostate, and vas
deferens

Dose-dependent decreases in sperm Male rat

concentration, motility, and normal
morphology

Increased sperm DNA damage observed

Alterations in oxidative stress markers
indicating tissue damage

Male Mice

~Reduced epididymal and testicular sperm
counts

-Decreased serum testosterone concentration

Pathological degeneration of seminiferous
tubules

~Reduction in testicular glycogen and sialic
acid content

“Increased cholesterol and protein content,
dose-dependent

Malathion

Opioid Methadone

Buprenorphine

Morphine

“Increased testicular acid phosphatase
activities

~Inhibition of testosterone secretion by Leydig
cells

-Considerable increase in oxidative stress Male rats

levels
Loss of gonadotropin hormones observed

Changes detected in sperm parameters
(Haddadi, Ai et al., 2020)

~Testis atrophy observed
Reduction in the number of germ cells

Weight loss in the testis, prostate, and seminal
vesicles

Associated with morphine dependence

In vivo

In vivo

In vivo

In vivo

Mikkonen, et al,, 2004; Asif,
2017

Mikkonen, et al,, 2004; Asif,
2017

Artama, et al,, 2004; Asif, 2017

Isojarvi (2001)

Perucca (2004)

Padmanabhan, et al,, 2003;
Hejazi and Taghdisi, 2019

Daoud, et al., 2004

Baysal, et al. (2017)

Verma and Mohanty, 2009

Joshi et al,, 2007; Mor and
Soreq, 2011

Choudhary et al,, 2008; Mor and

Soreq, 2011

Haddadi, et al., 2020

Bu, et al., 2011; Ghowsi and
Yousofvand 2015; Moinaddini,

et al, 2023

Nanoparticles Silver nitrate NPs

Titanium
dioxide NPs

Aluminum
oxide NPs

~Follicular growth deformities, oocyte Female rat

maturation inhibition

-Damaged neurons in hippocampal regions of
adult and offspring rats

Concentration-dependent alteration in Female Mice

ovarian gene expressions

Ex vivo Chinese hamster
ovary cell line

~Placental toxicities -Cytotoxicity and
genotoxicity

In vivo

In vivo

In vitro

Charehsaz, et al, 2016

Karimipour, et al. (2018)

Di Virgilio, et al,, 2010
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Cancer types Organoid models Drug types Functions and References

mechanisms
Colorectal Cancer | OXL-resistant cell lines and | Chemotherapy Oxaliplatin MIEE2 may serve as a specific Xie et al. (2022)
organoids agents biomarker of OXL responsiveness and

a potential target for the development
of therapeutic approaches to improve
chemotherapy efficacy

Bladder Cancer PDOs Chemotherapy Cisplatin Intracellular drug transport: NPEPPS | Jones et al. (2024)
agents affects cisplatin sensitivity by
regulating drug concentrations

Pancreatic Cancer PDAC organoids Chemotherapy Gemcitabine DNA Replication Stress Resistance: Ubhi et al. (2024)
agents APOBEC3C and APOBEC3D roles
identified
Osteosarcoma Human organoids Chemotherapy Doxorubicin AKT phosphorylation: PRKDC Zhang et al. (2024)
agents recruited and bound GDE? to enhance

the stability of GNAS, activated AKT
phosphorylation and conferred
resistance to DOX.

Hepatocellular HCC PDOs Chemotherapy Metformin RACI activation, Cell survival: Feng et al. (2022)
Carcinoma agents Metformin promotes
DOCKI phosphorylation, leading to
resistance
Gastric Cancer Tumorsphere and organoid | Targeted drug BLC2 inhibitors Wat, YAP signaling: NE2 and Kwon et al. (2023)

RASAI deficiency amplifies these
pathways in cancer stem cells

Gastric Cancer GC PDOs Targeted drug KDMIA inhibitors Wat signaling, Cell cycle: KDMIA | Mircetic et al. (2023)
inhibition leads to inhibition of Wnt
signaling and G1 cell cycle arrest

Lung Cancer Organoids Targeted drug Osimertinib, Gefitinib | Hippo pathway: Regulates resistance to | Pfeifer et al. (2024)
EGFR inhibitors

Breast Cancer PDXs and PDOs Targeted drug FGER4 inhibitors B-catenin/TCF4 signaling pathway, Zou et al. (2022)
SLC7ALI/EPNI AxisiInvolved in
glutathione synthesis and Fe2+ efflux,
linked to ferroptosis induced by
FGER4 inhibition

Breast Cancer PDOs in vitro and cell- Targeted drug CDK12 inhibitor PI3K/AKT signaling pathway: Li et al. (2021)

derived xenograft or PDXs in Inhibition of CDK12 suppresses this
vivo pathway, impacting resistance to

lapatinib

Pancreatic Cancer PDAC PDXs Targeted drug | MRTXI133(KRAS GI2D | Mechanotransduction, YAP/TAZ Kumarasamy et al.

inhibitor) expression: ITGBI influences these (2024)

pathways to impact KRAS inhibitor
efficacy

Pancreatic Cancer | Cell line, organoid, and rat | Targeted drug RAFi, ERKi RAF-MEK-ERK cascade: Low-dose Ozkan-Dagliyan

‘models of PDAC vertical inhibition strategy for KRAS et al. (2020)

mutant PDAC

Pancreatic Cancer 3D organoids Targeted drug AT7519(CDKI, CDK2,  CDK network: Hyperactivation linked | Kazi et al. (2021)

CDK7, CDK9 inhibitor) | to mt KRas dependency

Breast Cancer PDO and PDX models Targeted drug | ABT-199 (BLC2 inhibitor) = BCL2 pathway: Targeted in Whittle et al. (2020)
combination with CDK4/6 inhibitors
for ER + breast cancer

Pancreatic Cancer PDAC cell lines and Targeted drug CDK4/6i, ERKi CDK4/6, ERK-MAPK, PI3K-AKT- Goodvwin et al.
organoids mTOR: Combination therapies (2023)
targeting these pathways
Pancreatic Cancer Human PDAC organoid Targeted drug Dasatinib, VE-821 Kinase inhibitor sensitivity: ARIDIA | Hirt et al. (2022)
biobank ‘mutations associated with sensitivity to

dasatinib and VE-821

Hepatocellular Patient-derived primary Targeted drug Lenvatinib Lenvatinib resistance: LAPTMS could | Pan et al. (2023)
Carcinoma organoid promote intrinsic macroautophagic/
autophagic flux by facilitating
autolysosome formation

Hepatocellular Animal and PDO models | Targeted drug Lenvatinib Mitophagy, antioxidant pathways: Zhang et al. (2023)
Carcinoma LINCO1607 regulates these pathways
affecting Lenvatinib resistance
Hepatocellular PDX and PDO models Targeted drug Donafenib, GSK-J4 Ferroptosis:Induced by upregulation of | Zheng et al. (2023)
Carcinoma HMOXI and increased intracellular
Fe2+ level
Hepatocellular HCC PDOs and human Targeted drug Ifenprodil, Sorafenib  Unfolded protein response, WNT Xu et al. (2021)
Carcinoma tumor xenograft models signaling, Stemness: Targets of

ifenprodil and sorafenib combination

Ovarian Carcinoma | RBI-deficient patient HGSC | Targeted drug Carboplatinum Cell cycle regulation: CK2 inhibition Bulanova et al.
organoids affects RB family cell cycle regulator (2024)
130
Colorectal Cancer CRC PDOs Targeted drug HDAC inhibitors H3K9 acetylation and Bamberg et al.
(2022)
and EHMT1/2 inhibition
Colorectal Cancer | Wild-type and APC mutant RNA-based - TGE-P pathway: Resistance to TGF-p- | Ringel et al. (2020)
human intestinal organoids therapeutics mediated growth restriction
Colorectal Cancer | Pre-malignant organoids with RNA-based - TGF-p pathway: Used as a paradigm | Michels et al. (2020)
APCKRASG12D therapeutics for screening in organoids
mutations
Colorectal Cancer PDOs RNA-based - Transplantation of in vitro CRISPR- | Ray and Mukherjee
therapeutics edited cells enables high-throughput (2021)
and CRISPR-based single-guide rna
screening in organoid transplantation
to validate cancer cells including
colorectal cancer at all stages of its
development and treatment
Colorectal Cancer Primary CRC PDOs RNA-based - m6A-dependent oncogenic translation, | Chen et al. (2024b)
therapeutics Wt signaling: Driven by YTHDF1 and
RUVBL1/2
Colorectal Cancer CRC PDOs RNA-based - 1PO11 knockout decreased colony Mis et al. (2020)
therapeutics formation of CRC cell lines and
decreased proliferation of patient-
derived CRC organoids
Colon Cancer Colon cancer cells and 3D RNA-based - ER stress and ROS production: Linked |~ Zhao et al. (2023)
organoids therapeutics to stemness and drug resistance in
colon cancer
Colorectal Cancer PDO models RNA-based - EMT pathway: ANKRDA2 regulates Liu et al. (2024)
therapeutics CRC distant metastasis
Cholangiocarcinoma Gene-mutant organoids RNA-based . PI3K pathway, Immune Feng et al. (2024)
therapeutics microenvironment, Inflammatory
responses: Cul3 mutation alters
immune microenvironment; other
mutations affect various pathways
Gastric Cancer Mouse gastric epithelial RNA-based : Wt signaling: Alk, Belaf3, Prkra Murakami et al.
organoids therapeutics regulate Wnt-driven stem cell- (2021)
dependent epithelial renewal
Pancreatic Cancer Tumor organoid cultures RNA-based - ‘Wnt signaling: Circuit identified as a Denecke et al.
from colorectal carcinoma therapeutics vulnerability in RNF43-mutant tumors (2023)
patients
Breast Cancer PDOs RNA-based - Overexpression of RNaseH1, a Lin et al. (2023)
therapeutics ribosomal endonuclease that
specifically degrades the r-loop,
rescued the reduced clonogenicity
caused by TOP1 deletion, suggesting
that this vulnerability is driven by
aberrant r-loop accumulation
Pancreatic Cancer PDAC organoids RNA-based - SRC inhibitor-mediated inhibition of | Waters et al. (2021)
therapeutics p130Cas phosphorylation impairs
MYC transcription via a DOCK1-
RACI-p-catenin-dependent
mechanism
Pancreatic Cancer PDO and PDX models RNA-based - Targeting aberrantly expressed Gilles et al. (2018)
therapeutics oncogenic miRNAs and precisely

delivering them to tumor cells with the
help of nanocomplexes
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Antibody Host species  Producel Product code  Dilution
LTL - Vector Labs FL1321 1:300
KIMI Goat R&D Systems | AF1750 1:50
YH2AX Rabbit Cell Signaling | 25775 1100
NPHS1 Sheep R&D systems | AF4269-SP 1200
cD31 Mouse BD Biosciences | 555444 1200
SLC12A1 Rabbit Sigma HPA018107 1200
PODXL Mouse R&D Systems | MAB1658 1:200
HNFIB Rabbit Sigma HPA002083-100UL | 1:200
CDH1 Mouse BD Biosciences | 610181 1200
MEIS1/2/3 Mouse Active Motif | 39796 | 1300
Donkey anti-Rabbit IgG (H + L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 568 | Donkey Invitrogen A10042 1:1000
Donkey anti-Sheep IgG (H + L) Donkey Invitrogen A-11015 1:1000
Cross-Adsorbed Secondary
Antibody, Alexa Fluor™ 488

| Donkey anti- Goat IgG (H + L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 647 | Donkey Invitrogen A-2147 1:1000
Goat anti-Mouse IgG (H + L) Goat Invitrogen A-11004 1:1000
Cross-Adsorbed Secondary
Antibody, Alexa Fluor™ 568
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Gen
GAPDH
L8

KIMI
MCP1
ILIB
HISTIH3A
SNORD3A
miR-3615
RPPHI

U6

Forward primer (5'-3')
GGCATGGACTGTGGTCATGAG
ACTGAGAGTGATTGAGAGTGGAC
TGICTGGACCAATGGAACCC
CAGCCAGATGCAATCAATGCC
TTCGACACATGGGATAACGAGG
CTAGTGTTGGGTGTTCCGCT
CGGTGACGGCTCTTGGGTTT
CTCGGCTCCTCGCGGCTC
-GAGCTGAGTGCGTCCTGTC

ATTGGAACGATACAGAGAAGATT

Reverse primer (5'-3',
TGCACCACCAACTGCTTAGC
AACCCTCTGCACCCAGTTTTC
GGCAACAATATACGCCACTGT
TGGAATCCTGAACCCACTTCT
TITTTGCTGTGAGTCCCGGAG
CTGCCTTAGTGGCCAACTGT
CGGGAAACGGCGACAAAA
GCAGGGTCCGAGGTATTC
TCAGGGAGAGCCCTGTTAGG

GGAACGCTTCACGAATTTG
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Sources Improvement

hiPSCs Support the growth and maturation of
kidney organoids

hiPSCs Accelerate the differentiation of

Kidney organoids

hiPSCs Generates vascularized kidney
organoids with more mature

podocyte, enhanced cellular polarity

hiPSCs ‘The usc organoids self-organized well

with no significant cell death
hiPSCs More mature podocytes and vascular
structures

hiPSCs Increase the formation of blood vessel
network and promote the maturation
of kidney organoids

hiPSCs Affect the roundness of nephron
segments, spatial localization and the

ratio of glomerulus to tubules

hiPSCs Decrease the apoptosis of iPSCs
induced by CHIR, promote the
differentiation of renal organoids and

promote vascularization

hiPSCs Maintain organoid differentiation and

promote vascularization

hiPSCs Increase the vascularization of renal
organoids and improve the maturity of
nephron. Generate different
endothelial cell subtypes

hiPSCs “The first report for in vitro kidney
organoids induction; Optimization the
exposure period of Wnt, FGF, and RA
in fate selection

hiPSCs simplified induction procedure;
validate the Genome-modified kidney

organoids form PKD-specific cysts

hiPSCs First reported strategy to replated 2D
NPCsinto 3D suspension culture with

distint lumens mimics the nephron

Mouse and hiPSCs Higher-order structures with
branching morphogenesis by co-
culturing independently induced
ureteric bud, nephron and stromal

progenitor lineages

Primary mouse and
human NPCs/hiPSCs

Develop systems for long-term
expansion of induced NPCs generated
nephron organoids with minimal off-
target cell types and enhanced
maturation of podocytes relative to
other strategies; podocyte
reprogramming to an NPC-like state

hiPSCs PT-enhanced organoids with distinct
S1 - 83 proximal tubule cell types;
improved albumin and organic cation
uptake, improved expression of SARS-
CoV-2 entry factors resulting in

increased viral replication

hiPSCs Establish a fast, efficient and cost-
effective suspension culture method,
allows large-scale organoid

production

hiPSCs Modified suspension culture method,
a three- to fourfold increase in final
cell yield and a 75% reduction in cost
per million organoid-derived kidney

cells compared with static culture

hiPSCs Rapid and high-throughput; highly
uniformly patterned; increasing

nephron yield

Distal nephron epithelim | Shift the identity of this GATA3+/

from kidney organoids  EPCAM + epithelial population
toward UE, including ureteric tips,
cortical and medullary UE, by altering
the in vitro culture conditions

hiPSCs Induced UB organoids have tubular
lumens and repeat branching and
differentiated into collecting duct
progenitors.

hiPSCs Combine independently differentiated

MM-like and UB-like progenitors to
generate human kidney organoids
with a collecting system. Detect for the
first time urothelial (Uro) cells

Mouse and human fetal
kidneys; hiPSCs

UB organoids generate collecting duct
organoids, with differentiated
principal and intercalated cells
Develope a screen to establish
conditions supporting the
differentiation of CD organoids
hiPSCs Exhibit authentic morphological
behavior and responses to
developmental stimuli; recapitulate
the morphogenetic pattern in
isolated UBs

iPSC-derived organoids | Selectively expand the mature
functional renal epithelium without
off-target cells and provide easy apical
access that enables evaluation of

tubular transport

Tubuloid-derived cells
+EVs

EVs from kidney tubular epithelial
cells can phenotypically improve
in vitro tubuloid maturation

Adult Kidney tissue or
urine

Long-term growth and can be
expanded for at least 20 passages;
Model infectious, malignant and
hereditary kidney discases; Adopt a
tubular conformation and display
active (trans-) epithelial transport
function

Method Organoids

Cultured in Self-assembling polypeptide
hydrogels and GelMA hydrogels

Kidney organoids

Cultured in 1kp polyacrylamide hydrogel

3D-printed millifluidic chips were
embedded in gelatin-fibrin ECM and
applied for low or high fluid shear stress

Cultured in optimal kidney ECM Usc organoids

Microfluidic chip was coated with 1.5%
Matrigel and 1.5% Matrigel containing
100 ng/mL VEGE

Kidney organoids

Kidney decellularized matrix hydrogel

Sodium alginate hydrogel

A monocyte of human origin coculture
with iPSCs by transwell cuture system

Kidney derived decellularized matrix
hydrogel, hPSCs derived endothelial
organoids were embedded for three-
dimensional culture

IETV2-iPSCs were integrated into the
previously constructed renal organoid
system, and ETV2 expression was induced
at days after culture

2D induced cell were spun down to form a
pellet and transferred onto a Transwell
under the sequential induction by

‘Wht, FGF

Induction Procedure followed by the
formation of cavitated spheroids, then
through MET induction to form nephron-
like organoids

Generation of SIX2¢+SALLI+WT1+PAX2+
NPGs with high efficiency followed by the
formation of PAX+LHXI + renal vesicles that
selforgnized into 3D nephron structures

Identified mutually distinct inductive
signals between the NP and UB lineages in
every step of differentiation; Co-culture
iNPs, iUB, and the Pdgfra+ SP population
sorted from E11.5 embryonic kidneys. iUB:
induced UB; iNPs: NP induction from the
mESCs; SP: stromal progenitors

Manipulation of p38 and YAP activity
allowed for long-term clonal expansion of
primary mouse and human NPCs and
induced NPCs from hiPSCs

Extended the monolayer differentiation of
nephron progenitor to 12-14 days cultured
in enhanced BMP?7 condition to 10 ng/mL

Bioreactor-Based

Low speed (60 rpm) swirling on an orbital
shaker to form cell aggregates

3D bioprinting

GATA3+/EPCAM + epithelial population
isolated by FASC and induced in the
presence of GDNF, CHIR, FGF2, ATRA
and Y-27632

UB/Collecting duct
organoids

iPSC induced to AIM and then ND stage
embedded in 2% Matrigel for 6 days to
constitute induced UB organoids with
epithelial polarity and tubular lumens

Aldosterone and AVP drive collecting duct
maturation

Sorting of KIT + cells were used to enrich
the precursor population then induced in
chemically-defined culture conditions

Ensure at least 90% efficiency at the
mesendodermal and pronephric
intermediate mesoderm (IM) stages
without using cell sorting or mechanical
dissection

“Tubular fragments and cells from

D7+18 organoids resuspended in Basement
Membrane Extract (BME) gel and plated
on suspension culture wells plates

Tubuloid organoids

Tubuloids cultured with EV

Establishing kidney tubuloids and
characterization of tubuloid cell-derived
3D tubular structures in a perfused
microfluidic multi-chip platform, the
OrganoPlate 3-Lane

Ref. for Reference, hiPSCs, for human indued pluripotent stem cells; USCs, for urine-derived stem cells, Extracellular vesicle (EVs), Ureteric bud (UB), Nephron progenitor cells (NPCs).
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Diseases

Species

Cell
source

Expansion medium

Main findings

References

Hereditary Alpha-1 antitrypsin Human Bile duct cells | AdDMEM/F12, N2, B27, Organoids from AIAT- Huch et al. (2015)
disease deficiency (AATD) N-Acetylcysteine, gastrin, EGF, | deficiency patients can be
Rspol, FGF10, HGF, expanded in vitro and mimic the
Nicotinamide, A83.01, FSK in vivo pathology
Human Bile duct cells | AADMEM/F12, penicillin/ Liver organoid model Gémez-Mariano et al.
streptomycin, Glutamax, Hepes, | recapitulates the key features of | (2020)
Neacetylcysteine, Rspol, Z-AAT deficiency including
nicotinamide, gastrin |, EGF,  intracellular aggregation and
FGF, HGF, Rho kinase lower secretion of AAT protein,
and lower expression of ALBand
APOB.
Alagille syndrome Human Bile duct cells | AADMEM/F12, N2, B27, Organoids from an ALGS Huch et al. (2015)
(ALGS) N-Acetylcysteine, gastrin, EGF, | patient reproduce the structural
Rspol, FGF10, HGF, duct defects present in the biliary
Nicotinamide, A83.01, FSK. tree of these patients
Mice Bile duct cells | AdDMEM/F12, N2, B27, Establishment of bile Andersson et al.
N-Acetylcysteine, gastrin, EGF, = duct-derived organoids from (2018)
Rspol, FGF11, HGF, JagI™™N" mice
Nicotinamide
Human iPSCs RPMI, B27, LDN-193189, iPSC-hepatic organoids Guan et al. (2017)
CHIR99021, A83-01, EGF, recapitulate the impaired bile
FGF10, HGE. duct formation that is
characteristic of ALGS liver
pathology, with reduced ability
to form bile ducts and impaired
regenerative ability
Cystic fibrosis (CF) Human iPSCs William's E medium, iPSCs-cholangiocyte-like cells of | Sampaziotis et al.
nicotinamide, sodium CF patients model in vitro key | (2015)
bicarbonate, 2-Phospho- features of CF-associated
L-ascorbic acid trisodium salt,  cholangiopathy; VX809 rescues
sodium pyruvate, glucose, the disease phenotype of CF
Hepes, ITS + premix, cholangiopathy in vitro
dexamethasone, Glutamax,
penicillin, streptomycin, EGF.
Human Bile duct cells | AADMEM/F12, N2, B27, ECO have cholangiocyte fate | Verstegen et al. (2020)
N-Acetylcystein, gastrin, EGF,  differentiation capacity but no
FGF10, HGF, nicotinamide, potential for hepatocyte-like fate
A83.01, forskolin, Y27632, differentiation. ECO derived
R-spondin, Noggin, Wnt, hES  from a cystic fibrosis patient
cell cloning recovery solution  showed no CFTR channel
activity
Wilson’s disease Dog Bile duct cells | AdvDMEM/F12, B27, N2, Establishment of a long-term | Nantasanti et al.
N-acetyleysteine, gastrin, EGE, | canine hepatic organoid culture. | (2015)
R-spondin-1, nicotinamide, Successful gene
HGF, Noggin, Wnt3a, Y-27632,  supplementation in hepatic
A83-01 organoids of COMMDI-
deficient dogs restores function
Liver stem cells The COMMDI-deficient Kruitwagen et al.
organoid, after restoration of | (2020)
COMMDI expression, were
safely delivered as repeated
autologous transplantations via
the portal vein
Wolman disease Human iPSCs AdvDMEM/F12, N2, retinoic  Multi-cellular human liver Ouchi et al. (2019)
acid (RA)/Hepatocyte Culture  organoids of Wolman disease
Medium (HCM), HGF, recapitulated key features of
Dexamethasone, Oncostatin M | steatohepatitis, and organoid
stiffening reflects the fibrosis
severity. Severe steatohepatitis
was rescued by FXR agonism-
mediated reactive oxygen species
suppression
Viral hepatitis Human iPSCs, DMEM/12, GlutaMAX, HEPES, = HBV infection in iPSC-liver Nie et al. (2018)
HUVECs, BM- | insulin organoids could recapitulate
MSCs virus life cycle and virus induced
hepatic dysfunction
Human Hepatocytes Ad#++, B27, N2, N-acetyl-L- | Primary ex vivo HBV-infection | De Crignis et al. (2021)
cysteine, Rspo-1, Wnt3a, model derived from healthy
nicotinamide, recombinant donor liver organoids after
human gastrin I, EGF, FGF10,  challenge with recombinant
HGF, forskolin, A83-01, Noggin, | virus or HBV-infected patient
Y27632 serum
Fatty liver Human iPSCs William's E medium, End-stage hepatocytes derived  Gurevich et al. (2020)
Dexamethasone, SBSB431542, from non-alcoholic
DAPT, OSM. steatohepatitis donors
demonstrated spontaneous
lipidosis without fatty acid
supplementation, recapitulating
a feature of NASH hepatocytes
in vivo
Human Liver stem cells | AdDMEM/F12, Pen/Strep, Expansion of primary liver stem | McCarron et al. (2021)
glutamax, Hepes, B27, NAC, | cells/bipotent ductal organoids
Nicotinamide, R-spondin, N2, derived directly from
FGF-10, HGF, EGF, Gastrin, irreversibly damaged non-
Forskolin, A83-01, Y27632 alcoholic steatohepatitis patient
liver, showing significant
upregulation of liver fibrosis and
tumor markers, and reduced
passaging/growth capacity
Biliary atresia Mice Cholangiocytes | Mouse HepatiCult organoid First description of Chusilp et al. (2020)
growth medium supplemented  cholangiocyte injury in the
with penicillin-streptomycin organoids derived from
intrahepatic bile ducts.
Fibrogenic response of injured
organoids was associated with
increased cholangiocyte
apoptosis and decreased
cholangiocyte proliferation
Human Cholangiocytes | AADMEM/F12, penicillin/ Establishment of biliary Amarachintha et al.
streptomycin, Glutamax, Hepes, |~ organoids from liver biopsies of | (2022)
B27, N2, N-acetylcysteine, infants with biliary atresia. EGF
RSPOI, Nicotinamide, Gastrin, -+ FGF2 treatment induced
EGF, FGF10, HGF, Forskolin, | developmental markers,
A83-01 improved cell-cell junction and
decreased epithelial permeability
Bile duct regeneration Human Cholangiocytes | William's E medium, Extrahepatic cholangiocyte Sampaziotis et al.
nicotinamide, sodium organoids can self-organize into | (2017), Tysoe et al.
bicarbonate, 2-phospho- bile duct-like tubes after (2019)
L-ascorbic acid trisodium salt, | transplantation and can
sodium pyruvate, glucose, reconstruct the gallbladder wall
HEPES, ITS + premix, and repair the biliary epithelium
dexamethasone, Glutamax, following transplantation into a
penicillin and streptomycin, mouse model of injury
EGF, R-spondin and DKK-1
Human Cholangiocytes | AdvDMEM/F12, IM HEPES, | Bile-cholangiocyte organoids | Roos et al. (2021)
L-Ultraglutamine, Primocin, originate from extrahepatic
penicillin, streptomycine, N2, biliary tissue and are capable of
B27, N-Acetylcystein, RSPO1,  repopulating human
Nicotinamide, Gastrin, EGF, extrahepatic bile duct scaffolds.
FGF10, HGF, A83-01, Forskolin | The cells obtain a transcriptomic
profile more closely resembling
primary cholangiocytes upon
repopulation of scaffolds in vitro
Primary sclerosing cholangitis Human Cholangiocytes | complete ADF medium, Bile-derived organoids retain  Soroka et al. (2019)
R-spondin, B27, nicotinamide,  features of cholangiopathies,
N-acetyl cysteine, N2, EGF, including the ability to react to
HGF, FGF10, gastrin, A83-01,  inflammatory stimuli by
forskolin secreting chemokines and
propagating immune-reactive
phenotype
Hepatobiliary | Hepatobiliary tumor Human Tumor cells AdvDMEM/F12, penicillin/ This study delineates Zhao et al. (2021)
tumor streptomycin, GlutaMAX-1, heterogeneity of hepatobiliary
HEPES, Primocin, B27, N- tumor organoids and proposes
acetyl-l-cysteine, EGF, FGF10, that the collaboration of intra-
FGF-basic, HGF, forskolin, tumoral heterogenic
A8301, Y27632, Rspo-1, Wnt3a, | subpopulations renders
Noggin malignant phenotypes and drug
resistance
Primary liver cancer Human Tumor cells AdvDMEM/F12, Penicillin, ‘The tumorogenic potential, Broutier et al. (2017),
Streptomycin, Glutamax, histological features and Nuciforo et al. (2018),
HEPES, B27, N2, N-Acetyl-L-  metastatic properties of primary | Saito et al. (2019),
cysteine, Rspo-1, nicotinamide, | liver cancer-derived derived Saltsman et al. (2020)
[Leu15]-Gastrin I, EGF, FGF10,  organoids are preserved in vivo.
HGE, Forskolin and A83-01 Patient-derived organoids are
powerful research tool for the
drug screening
Extrahepatic Human Tumor cells AdvDMEM/F12, Penicillin, Biliary tract cancer patient- Wang et al. (2021),

cholangiocarcinoma and
Gallbladder carcinoma

Streptomycin, Glutamax,
HEPES, B27, N2, gastrin, A83-
01, Y-27632, EGF, FGF10,
R-Spondinl, Noggin, Afamin/
Wnit3a CM.

derived organoids show similar
histological and genetic
characteristics to the
corresponding primary tumor
tissues. Patient-derived
organoids are powerful research
tool for the drug screening

Saito et al. (2019), Ren
et al. (2023)
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TUB, tubular interstitial; GLOM, glomerular.
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