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Urothelial organoids originate from mouse cells
display differentiation capacity
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Abstract
Here we describe the establishment of mouse urothelial organoids from healthy urothelial tissue digests.
NMU-o can grow within 7 days in medium enriched in growth factors, without FACS-sorting epithelial
populations and can be passaged in culture for more than one year with stable morphology. In the
absence of growth factors, NMU-o can differentiate within 14days exhibiting drastic morphological
changes (increased diameter and lumen size, and decreased thickness layers) and expressing suprabasal
urothelial markers (uroplakins and tigh junctions) both at the mRNA and protein levels. Transcriptomic
tools (RNA-seq and single-cell RNA-seq) were preformed further supporting this differences between
proliferative and differentiated organoids, allowing the discovery of novel genes involved in these
processes.

Introduction
In order to study bladder biology and disease, several in vitro and in vivo models have been used.
Although proven to be very useful, they do not allow acquiring a complete understanding of the molecular
mechanisms involved in urothelial homeostasis, differentiation and carcinogenesis.

In recent years, three-dimensional (3D) organoids have become a powerful tool to study the molecular
and cellular basis of epithelial differentiation, allowing consistent culture and perpetuation 1. Organoids
are derived from cells capable of self-renewal and self-organization through cell sorting and lineage
commitment in an in vivo-like manner 2. The Clevers laboratory has pioneered the establishment of
organoids from a wide variety of epithelia, including mouse small intestine 1, liver 3, prostate 4, and
pancreas 5. Organoids facilitate studying tissue biology,

modeling disease, drug screening, and establishing a solid basis for regenerative medicine and gene
therapy 6. The majority of published studies have focused on organoids derived from simple epithelia.
Recently, Lee et al. 7 have reported the establishment of organoids from human bladder tumors and
Mullenders et al. 8 have described the features of normal mouse basal organoids and human bladder
organoids. However, these reports have not leveraged on the potential of urothelial organoids to
understand urothelial biology.

Reagents
Collagenase P 0.5μg/mL Roche

Hank's Balanced Salt Solution 1x Life Technologies

Advanced DMEM F12 medium 1x

Gibco HEPES 1x Gibco



Page 3/8

GlutaMAX 1x Gibco

Matrigel 1x Corning

Cell Recovery Solution1x Corning

Dispase II 10mg/mL Gibco

WNT3A conditioned medium 50% Homemade

RSPO1 conditioned medium 5%Homemade

N2 1x Gibco

B27 1x Gibco

Recombinant human EGF 50ng/mL Invitrogen

N-acetylcysteine 1mM Sigma-Aldrich

Recombinant human Noggin 50μg/mL Peprotech

LY-2157299 1μM AxonChem

Y-27632 10μM Sigma-Aldrich

Equipment
Standart equipments from a cell biology laboratory.

Procedure
1. Mouse bladder is accessed and turned inside-out leaving the urothelial surface exposed.

2. The urothelium is enzymatically digested with collagenase P in Hank's Balanced Salt Solution (HBSS)
in a thermoblock with gentle shaking at 37 ºC for 20 min.

3.Collagenase P is inactivated with 2mM EDTA and 50% FBS.

4. The cell suspension is collected and a scrapper is used to extract the remaining cells on the urothelium.

5. After �ltration through a 70μm strainer and centrifugation at 1200rpm for 5min at 4 ºC, the pellet is
cleaned 2 times with washing medium (Advanced DMEM F12 medium + HEPES + GlutaMAX) and cells
are embedded in 100% growth factor-reduced and phenol red-free Matrigel.
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6. Matrigel-cell suspensions (20 μL drops) are plated onto 6-well plates, allowed to settle in a humidi�ed
incubator at 37 ºC, 5% CO2, and overlaid with 2 mL complete medium (CM) (Advanced DMEM/F12, 1x
penicillin/streptomycin, HEPES, GlutaMAX, WNT3A conditioned medium, RSPO1 conditioned medium,
N2, B27, recombinant human EGF, N-acetylcysteine, recombinant human Noggin and LY-2157299).

7. Medium is replaced every 2-3 days and cultures are usually expanded at a 1:4-1:6 ratio every 7-10 days.

8. For organoids maintenance, medium is aspirated from the wells and washed once with PBS.

9. Then, Cell Recovery Solution is added to the wells and plates placed on ice for 5 min.

10. Matrigel and cells are collected and transferred to a tube for 30 min on ice.

11. Cell suspension is washed with PBS, then with washing medium, and centrifuged at 1200 rpm for 5
min at 4 ºC.

12.Next, organoids are chemically digested with Dispase II solution at room temperature for 15-20 min in
a rotating wheel.

13. Next, the reaction is neutralized with 2 mM EDTA.

14. Single cells are obtained by mechanical disruption of the organoids with a 21G needle syringe until no
macroscopically �oating organoids were observed.

15. After cleaning the pellet twice with washing medium, cells are embedded in fresh ice-cold 100%
Matrigel, seeded in 7 drops of 20uL each per 6-well plate, and covered with 2 mL CM unless otherwise
speci�ed.

16. For differentiation experiments, NMU-o are cultured for the �rst 7 days in CM, reseeded (without
disaggregation) in fresh Matrigel, and cultured with either CM or differentiation medium (DM) (lacking
WNT3A and RSPO-1 conditioned medium, EGF, LY-2157299 and Noggin) for the following 7 days.

17. All experiments can are performed without cell sorting based on EpCAM expression, using low-
passage cultures (<10).

18. In order to cryopreserve the organoids, Matrigel is removed from 7-day cultures with Cell Recovery
Solution as previously described and are resuspended in freezing medium (10% DMSO in Advanced
DMEM/F12 supplemented with Y-27632) at a density equivalent to 3 con�uent drops/500mL.

19. Cryovials are stored at -80 ºC.

20. For thawing, vials are placed in a 37 ºC water bath and the contents washed twice with Advanced
DMEM/F12 before reseeding in Matrigel at the required density.
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Troubleshooting

Time Taken
1-2h for the establishment of primary cultures.

2-3h to split cultures.

7 days to allow proliferative organoids to grow.

7-10 days to allow differentiated organoids to be established.

Anticipated Results
Proliferative organoids from urothelial digests should start to form around day 3-4 and fully grow within 7
days.

Differentiated organoids should start to change their morphology around day 3 after adding the
differentiated medium, and completely differentiate within 7-10 days.
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Figure 1

Figure 1. Growth factor-depleted recapitulate the urothelial differentiation program. a) Experimental
design applied to induce urothelial organoid differentiation: day 7 P were maintained for 7 additional
days in medium lacking complete medium components (differentiation medium). b) Image of P and D
displaying the organoid features quanti�ed in panel c: d, diameter; l, lumen; t, thickness of the epithelial
layer. The signal distribution was measured across the organoids as indicated by the arrow in both cases
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(scale bar, 100 μm). c) Signal distribution (in microns) acquired by confocal microscopy displaying the
quanti�cation of organoid features (diameter) of individual P (n=57) and D (n=71); color code indicates
the intensity of the signal: green, low; yellow, intermediate; red, high. d) Violin plots representing the P and
D features. e) RT-qPCR analysis of expression of genes regulated during differentiation. Data are
normalized to Hprt expression (Mann-Whitney test, error bars indicate SD). f) Western blot (WB) analysis
showing expression of TP63 (basal marker), UPK3a, and UPK1b (luminal markers) in P and D in 3
independent experiments. Urothelial bladder cancer cell lines (ScaBER, RT112, VMCUB1 and RT4) were
used as controls. g) Immuno�uorescence analysis of urothelial markers in P and D. Urothelium is shown
for comparison. DAPI staining is shown in blue (scale bar, 1000 μm).


