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Mechanisms of muscularis mucosa formation and collapse on gastric organoids
derived from human-induced pluripotent stem cell
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Human gastric development has not been well studied. The generation of human

pluripotent stem cell-derived gastric organoids (hGOs) comprising gastric marker-expressing
epithelium without an apparent smooth muscle structure has been reported. We modified previously
reported protocols to generate hGOs with muscularis mucosa (MM) from hiPSCs. Time-course analyses
revealed that epithelium development occurred prior to MM formation. Sonic Hedgehog (SHH) and TGF-(3
1 were secreted by the epithelium. HH and TGF-3 signal inhibition prevented MM formation. A
mechanical property of the substrate promoted MM formation around hGOs. TGF-B signaling was shown
to influence the HH signaling and mechanical properties. In addition, clinical specimen findings
suggested the involvement of TGF-B signaling in MM regeneration. HH and TGF-B signaling from the
epithelium to the stroma and the mechanical properties of the subepithelial environment may
influence the emergence of MM in human stomach tissue.

iPS



1)

(2) ES iPS
McCracken
Q) iPS
(2)(1)
iPS
TGF-B
TGF-BR1 SB431542
in situ
hybridization ISH gRT-PCR RNA ESD
TGF-1
ESD TGF-1
(1)
MUCS5AC TFF-1 aSMA
6 8
iPS
RNA-seq
8
CDH1 Hoechst 1 52?(&4 Egi\sgletlxi:r[nent
< o |y B (e
@ 8 || S B e
2 Al - [ty
8 é = i géié% awgcoltehMarker
=®
CDH1 Hoechst
) aSMA _ TFF1
ISH Sonic e,
Indian hedgehog 3 8 [E
g
ke
(&)
3
3 +
aSMA : . g
Scale bars: 100um
aSMA
(3) TGF-p TGF-BR1
ISH TGF-1 3 8

TGF-pR1



aSMA

TGF-pR1

SB431542
TGF-B
TGF-B

3

SB431542

Scale bars 50um

(4) aSMA CDH1 aSMA Hoechst
aSMA
gRT-
PCR aSMA
3
CD146 CD44
TGF-
P Scale bars:200um
(5) TGF-p
TGF-B GLI2
gRT-PCR GLI2 SB431542
GLI1 TGF-
p
TGF-B RNA-seq
SB431542 70 log2TPM 10 66
Gene Set Enrichment Analysis (GSEA)
Gene Set Enrichment Analysis hGO (A~ hR—)L# vs SBIX5#) DRNA-seq
« Tl : L) « GO Collagen Fibril GO Extracellular Matri
Collggen Fibril Organl.zatlon Extracellular Organtzafion fort eIl GEEtiiant
Matrix Structural Constituent” ; NES=2.05 : NES=1.92
TGE- [BS: FDR<0.01 ES: FDR<0.05
P TN (VNN 1 NN (T
Up Down Up Down
SB(-) vs SB(+) SB(-) vs SB(+)
) HE TGFB1
ESD TN AR LAk
e
e |
TGF-B1 i
ESD TGF-B1 -
24 4 ESD o
18 13 TGF-B1 5 i
s :
%) it
iy S R
)
TGF-B

TGF-p




1 1 0 1

Uehara Keiichiro Koyanagi-Aoi Michiyo Koide Takahiro Itoh Tomoo Aoi Takashi 17

Epithelial-derived factors induce muscularis mucosa of human induced pluripotent stem cell- 2022
derived gastric organoids

Stem Cell Reports 820 834

DOl
10.1016/j .stemcr.2022.02.002

3 0 1

Keiichiro Uehara, Michiyo Koyanagi-Aoi, Takashi Aoi

Epithelial-Derived Factors And Mechanical Property Of Substrate Orchestrate The Emergence Of Muscularis Mucosa Of The
Induced Pluripotent Stem Cell- Derived Human Gastric Organoid.
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