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Organoids model organs development

Definition
Organoids are 3D structures derived from adult (ASCs) or pluripotent (PSCs) stem-cells. They are cultured in vitro and
display architectures and functionalities similar to organs in vivo. At a much smaller scale, the multicellular repertoire of
target organs is expected to validate organoid maturation.

Therapeutic Application Ethical implication

i b Study of discase Animal experimentations
I(,-:"'_____“_h\l . mechanisms o .

) ) ) ] Pati_nmt tl_t:atmcnl.wil.h
Drug testing on patient derived organoids identified dnugs De Kanter et al., 2023, Tissue Engineering.

Rossi et al., 2018, Nature Review.




Organoid maturation limits/challenges

Limits
Cell differentiation in organoids is closer to fetal than adult target organ.

> Restricted lifespan limits ability to reach latter stages.
> In vitro environment lacks specific in vivo factors to diffuse nutrients.

Challenges

- Improve organoid specificity to the target organ.
- Define organ specific cells vs off target cells for quality control.

« Vascularization by bioengineering or transplantation.

=—» The single-cell RNA-seq is widely used to control the cell composition of organoids.

Rossi et al., 2018, Nature Review.
Picollet-D’hahan et al., 2017, Trends in Biotechnology.
The Organoid Cell Atlas, 2021, Nature Biotechnology.
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Available resources on kidney organoids

- Kidney cell fate, targeted and off target cell types in kidney tissues.

« Single-cell RNA-seq data available and analyzed.
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Differentiation from Human Pluripotent Stem Cells
and Enables Automated Multidimensional Phenotyping
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Spatial dynamic metabolomics identifies
metabolic cell fate trajectories
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Gesa L. Tiemeier,! Ahmed Mahfouz,*5 Sébastien J. Dumas,¢ Martin Giera, 2 Jesper Kers,”
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Available resources on kidney organoids

PROTOCOL |
Generation of kidney organoids from human
. . . . pluripotent stem cells
- Kidney cell fate, targeted and off target cell types in kidney tissues. Ninoru Takasato’ 2, e X Ert 2 Han S Chi: & Mliss H it

- Single-cell RNA-seq data available and analyzed.
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Cell Stem Cell

High-Throughput Screening Enhances Kidney Organoid
Differentiation from Human Pluripotent Stem Cells

and Enables Automated Multidimensional Phenotyping ARTICLE

OPEN
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and Benjamin S. Freedman’ %472 shows reproducibility and diminished off-target
Cell Stem Cell 22, 928-940, June 1, 2018 REVIEW ARTICLE  OPEN R cells after transplantation

Deﬁning the variety Of Cell types ln developlng and adUIt Ayshwarya Subramanian 16, Eriene-Heidi Sidhom® 26, Maheswarareddy Emani"®, Katherine Vernon'2,

Nareh Sahakian', Yiming Zhou'2, Maria Kost-Alimova3, Michal Slyper1, Julia Waldman', Danielle Dionne® ',
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& Coress Can we assess the tissue specificity and the variation of cell
composition of kidney organoids from single-cell RNA-seq data?
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in human kidney differentiation : :
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Public datasets used of kidney organoids
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ARTICLE
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Single cell census of human kidney organoids
shows reproducibility and diminished off-target
cells after transplantation
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Lan T. Nguyen', Astrid Weins?, Jamie L. Marshall® 1, Orit Rosenblatt-Rosen', Aviv Regevd 1° &
Anna Greka® 2*

1

MATURE COMMUNICATIONS | (2019010:5462 |

« Freely available datasets.

« Alstem(AS) human induced pluripotent stem cell line.

« 4 time points of maturation (DO, D7, D15 and D29).

uuuuuuuuuuuuuuuuuuuuuuuuuu

Protocol
ML m CHIRa9021 jm Amz]m:r
p 13 15 29
8% ] 8%
ScRNA-seq ScRNA-seq SCcRNA-seq

Takasato et al, 2016, Nature Protocols

Single-cell RNA-seq datasets

Day of maturation Number of cells

DO 16786
D7 16072
D15 50976
D29 47799

20/09/2023



Single-cell RNA-seq workflow adapted for organoids

Public datasets

*10X Genomics . .

. Maturation study of organoids from 4
CellRanger cea single-cell RNA-seq data analysis \SAEEH

Soléne Brohard®, Camille Lemercier, Alexandre Hubert, Jean-| Frangols Delenze and Eric Bonnet
Universié Paris-Sacay, CEA. Inssiut Jacob, Cente Natonsl France.

Seurat v3

N
Quality filters

~  *<5% Ribosomal genes \
*>5% Mitochondrial genes -

Introduction

Organoids are stem-cell derived complex 3D structures that display architectures and fundlionalities simikr to in vivo organs!. Crgan-specific studies were able to
‘confirm the structure and the composition of mature organoids by comparing cell populations found in organoids with the cnes found in the target organ. In this context,
we wanted to study the organoid maturation by exploring deseripive and statistical methods from single-cell RNA-seq data of organoids at different maturation stages.
We investigated single-cell RNA-seq public datasets of kidney organoids at different times of maturationz We integrated the datasets to highiight cell specificties for
each stage of maturation. We also studied cell trajectories to observe if there is a correlation between the cell differentiation and the date of maturation. We finally used
statistical methods to explore the variabilty of cel proportions between stages of maturations.

Organoids @ Integration

Datases of Kidney organads cufured fom AS NIPSC ne a the ifleren days of maturaton

[ Definition 1t in the samples.

Integration
s » Multiple sample analysis

Normalization

* Scaling factor = 10000
* Log transformation

w

Find Variable Genes
»2000 genes

Removedoublets
*DoubletFinder

N

Scaling
» Centered

~

Dimensionreduction
*PCA: 30 PCs

w

Find Neighbors
*SNN

Trajectory

| *Monocle3

Organoids are 3D structures derived from sdult (ASCe) or pluripotent (PSCe) stem-cells’,  The method used to integrate datasets. ot e Coreries Coraaton Analysis (CCA) (Fig.3).
T tectures i far to i

organs.
At a much smaller scales, the mulicelluiar reperioire of targeted organs is expectsd to
validate the maturation of organoids.
This concept is based on the sefiorganization process of cell difisrentiation that results from
local intercelular
Cell sources and culture protocols depend on the targeted organ and the expected level of
turation.

[ Kidney organoid dataset

Public datasets from Subramanian et al* allowing organcid maturafion study are fresly
available. The protocol (ML) used in this paper has been defined to target kidney organcids.
Single-cell RNA-seq (scRNA-seq) are done on organcids at different stages of maturation
(day 0, day 7, day 15 and day 25). Two commercial human iPSC (HPSC) lines (Alstem-AS
and Themno Fisher-ThF) are tested (Fig.1)

=

P T

| Figue 1. iertation rotocot (.o Kicney organaas e rom PSCs
b e 5

scRNA-seq analysis

The wordiow (Fig2) applied on
‘Subramanian et al.* count matrices is
based on R Seurat package (v3).

ey

s Fiters 0 remove low qualty cels
T T — % of reas covenng. rosoma
re— genes < 5°
—— reeds covering mitochondrial

— genes >

. Bovines: denticaton
n containing multiple cels (estimation
B * by 10X Genomics technalogy of
oot | s ~5% of droplets for 10 D00 celis

The criteria to choose the number of

cover the mazimum of variabilty (:m
PCs)

\O

rameters
e e resan ot gmdehm of Seurat
L tutorials.

[ o r—

[ raie 1. Datset mormation

Day of Colllines  Number of
maturation

D The scRtA-seq workfow was launched
C data (Table 1)
D AS
D b The indicated number of cells comespond
D5 AS to the numbsers obtained after cell fitering
D hF and workfiow application.
9 s
D29 i

Discussion

»The CCA seemed fo
comectty  integrate
datasets at the difierent
maturation levels.

> Final clusters were
defined from integrated
datasets.

S ————

From s integraton, we can disinguish cusers tht are common (0 o the mauraton days
those specific (o one level
eve-y cluster (Fig-4).

> A gradent of mafuration can be

observed: (D
07), intermediate (all levels), late
maturation level (D15, D25).

> The cusiers 4, 7, 12, 15 and 17
contain more than 7% of D25 celis.

> From gene markers associated to
each cluster, these speciic clusters

‘ssem 1o be composed of stromal and
proximal cells.

[T ——

@ Trajectory

A5 cel line, to visualize cel trajectories (Fig.5).

| Figure & Trajectory visualizaion
> The tndency cosnies i, 413 vt i o oy

7 The 020 spaciie clusters ars well szparat
st vt o st e o el et fom 00070

9 Variability
‘The Jensen Shannon Divergence (JSD) statistical approach
T s s compraet e Daxd 1.8 svcasonee
e e e e e o e

st

1o The JSD was applied on al intsgrated datassts
> (AS + ThF) of all the days of maturation (DD, D7,
D15 and D29). It compared the proportion of
cells in each duster between 2 samples.
 The JSD score between the AS and ThF cell lines at the same

252 Fig& A) coled tht e maturaton was ot afected by

5 anly or TOF (Fg: Conly and between THE
and AS (Fig.6 D) at different maturation levels, we observed a

F'""” JSD of cell maturation gradient of variabil
"“’”""'0" between » 45 observed in Fig. 4, DOvsD7 and D15vsD28 showed more
1 similar that was coherent with an carly and late

stages of maturation.

-
Find Clusters In this study, we explored the maturation of organcids aeross public data of kidney organoids sequenced by ScRNA-seq at different days of maturation. We applied
. commonly used workfiow and methods that we adapted to specifically highlight the level of organoid maturation. The results obtained from datasets of one commercial

« Resolution = 0.6 hiPSC line (AS) showed that it is possible to explore the diflerent maturation levels and to observe, from scRNA-seq analysis only, the cell differentiations along the
maturation time. We could distinguish 2 distinct early and late maturation level. We also confirmed that the hiPSC lin used for the organoid culture do not impact the

- - anganoid maturation timing
* Louvain algorithm I pospoci o i preiminany sty is o ©Xpora and compare oganeids of same targeted e rom iferent maturaion age, el s and prolocels. We 50
4 planned hes to develop a method that could try to estimate the maturation level of organoids.
| 1. Rossi, Manfin. & Lutolf. Frogress and potertial i organoid research. Nat Rev Genet 19, 671637 (2018). Q <>
2. Subramanian. Sidhom, Emani et al afer Nat Gommun 10, 5462 (2012).
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Public datasets
* 10X Genomics

* CellRanger
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Single-cell RNA-seq workflow adapted for organoids

Public datasets

* 10X Genomics
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Single-cell RNA-seq workflow adapted for organoids
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Single-cell RNA-seq workflow adapted for organoids

Public datasets

* 10X Genomics
* CellRanger
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Integration and cluster identification

Samples before CCA Samples after CCA Cluster identification

UMAP_2
-]

DO

o
UMAP_1 o
= UMAP_1
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Heterogeneity of cell proportions in clusters

« Distinguish clusters that are common to all the maturation days from those specific to one level with the
percentage of cells belonging to each maturation day for every cluster.
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Heterogeneity of cell proportion in clusters

« Distinguish clusters that are common to all the maturation days from those specific to one level with the
percentage of cells belonging to each maturation day for every cluster.
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Heterogeneity of cell proportion in clusters

« Distinguish clusters that are common to all the maturation days from those specific to one level with the
percentage of cells belonging to each maturation day for every cluster.
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Heterogeneity of cell proportion in clusters

« Distinguish clusters that are common to all the maturation days from those specific to one level with the
percentage of cells belonging to each maturation day for every cluster.
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Heterogeneity of cell proportion in clusters

« Distinguish clusters that are common to all the maturation days from those specific to one level with the
percentage of cells belonging to each maturation day for every cluster.
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Cell labeling of clusters

Definition
« Assigning cell types to clusters identified by Seurat.

- Based on knowledge of the transcriptome specificity of cell populations.

Different methods used and aggregated o

« Marker genes differentially expressed in clusters:
» Known marker genes of cell populations (Schumacher et al., 2021).
» Human Protein Atlas. PODXL
» marker gene expression in cell/clusters.

UMAP_2

« Automated labeling with Seurat: 2

» Comparison of a labelled reference with the
query dataset. 101

> References: D29 and adult kidney datasets from -

o
UMAP_1

Subramanian et al. paper.
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Cell labeling of clusters

Definition

« Assigning cell types to clusters identified by Seurat.

- Based on knowledge of the transcriptome specificity of cell population

Different methods used and aggregated 0-

« Marker genes differentially expressed in clusters: ;
» Known marker genes of cell populations (Schumacher et al., 2021). 3
» Human Protein Atlas. PODXL
» marker gene expression in cell/clusters.

« Automated labeling with Seurat: 2

» Comparison of a labelled reference with the
query dataset. 01

> References: D29 and adult kidney datasets from AP 1

Subramanian et al. paper. UMAP._1
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Cell trajectories

.
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o
UMAP 2
o

Fibroblast

-5

. /

10

=L
(4]

5 0 5 10 %
UMAP 1 UMAP 1

» The D29 specific clusters are well separated.

_ > We also visualize the maturation and the cell differentiation from DO to D29.
°‘CNRGH 20/09/2023 10
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Variability score between maturation ages

« The JSD (Jensen Shannon Divergence) was applied on AS integrated datasets of all the days of
maturation (DO, D7, D15 and D29).
» It compared the proportion of cells in each cluster between 2 samples.
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-
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JSD scores
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AS line

Maturation date (nb days)
® DO vs D7
® D7 vs D15
® D15 vs D29
® DO vs D15
® D7 vs D29
® DO vs D29

» As observed previously DOvsD7 and D15vsD29
showed more similar classifications.
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Validation of the method with a new dataset

A new organoid dataset

Combes et al. Genome Medicine (2019)11:3

https://doi.org/10.1186/513073-019-0615-0 Genome Med|C| ne

RESEARCH Open Access

Single-cell analysis reveals congruence @
between kidney organoids and human fetal
kidney

Alexander N. Combes", Luke Zappia>*", Pei Xuan Er?, Alicia Oshlack®® and Melissa H. Little***'@®

- 3 single-cell RNA-seq datasets from the same organoid.
« 24 days of maturation.

« Same protocol (M. Little)

-
CENTRE NATIONAL DE RECHERCHE
‘ EN GENOMIQUE HUMAINE
-

UMAP_2

o
UMAP_1
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Validation of the method with a new dataset

« Comparison of clusters of Combes et al. with previous AS line organoids.
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Validation of the method with a new dataset

« Comparison of clusters of Combes et al. with previous AS line organoids.

1.00-' 1.0~
09-
| BN Bl
B K 08- .
- o]
 EN K . 07- ®
Maturation date (nb days)
BN B o DO
B: e ® DO vs D7 8 06- a
B: B ® D7 vs D15 S
kR ® D15 vs D29 5 oe-
| BN B ® DO vs D15 Q-
 EN ES ® D7 vs D29 ; D7®
M ® DO vs D29 “
0.254 03-
_ _ D15
» Combes et al. organoid profile closer to oz-
D15 and D29 organoids of AS line. s D29
01~
» Consistent with the truth corresponding

00~

Combes D29 D15 D7 DO to a maturation at D24.

et al. AS line Combes et al. vs AS
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Main messages

« Kidney organoids could be characterized at different maturation stages.

- The observation of 2 early and later maturation levels (D0O-D7 and D15-D29) is consistent with Subramanian et al.
future protocol improvements focused on this interval.

- The integration of another dataset validated the method with a correct estimation of the number of maturation days.

Perspectives...

- Apply the same method on organoids of different protocols and source cells to study the reproducibility.
- Test the method on organoids of another targeted organ (example: skin — Lee et al., 2020, Nature)

« Use machine leaning based approach to estimate the age of the organoid.
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Thank you for your attention

Questions?



