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- Core technologies -

Reprogramming

In vivo gene transduction



Reprogramming
Fibroblasts = Pluripotent stem cells

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Generation of germline-competent
induced pluripotent stem cells

Keisuke Okita', Tomoko Ichisaka'? & Shinya Yamanaka'+

Smooth muscle actin

Takahashi & Yamanaka Cell 2006
Okita, Ichisaka & Yamanaka Nature 2007
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Direct reprogramming
(Direct conversion)
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Skin Ulcer

Limb necrosis

Pressure ulcer . g
(ex. Vascular insufficiency)

)’

Official character of Japan Society of Plastic and Reconstructive Surgery
and Japan Society for Surgical Wound Care
Fairly of Bandage named NAORUN




Possible therapy for ulcers
with direct reprogramming

Re-epithelialization can only be attained by
migration of surrounding epidermis

Epidermis is regenerated only from epidermis
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Possible therapy for ulcers
with direct reprogramming

Mesenchymal cells to
epidermal cells ?




|dentification of reprogramming factors
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Kurita et al. Nature. 2018;561:243-247. modified



|dentification of reprogramming factors

Microarray Micro RNA microarray

__________

55 transcription factors
31 microRNAs
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Kurita et al. Nature. 2018;561:243-247. modified



Gene transduction experiments(~ 200 sets)

58 TFs

31 miRs
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Dermal fibroblasts Keratinocytes

Kurita et al. Nature. 2018;561:243-247. modified



Jan 14 2014

Kurita et al. Nature. 2018;561:243-247. modified



17 genes m— 200 ym

Feb 27 2014

Kurita et al. Nature. 2018;561:243-247. modified



42 genes e 200 UM

May 31 2014

Kurita et al. Nature. 2018;561:243-247. modified
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Kurita et al. Nature. 2018;561:243-247. modified



Kurita et al. Nature. 2018;561:243-247. modified
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28 genes

200 pm

Sep 12 2014

Kurita et al. Nature. 2018;561:243-247. modified



28 genes

28TF-iISEPs-hDF
3D culture

3D culture

ISEPs
induced Stratified Epithelium Progenitors

Kurita et al. Nature. 2018;561:243-247. modified



|dentification of optimized factors
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Kurita et al. Nature. 2018;561:243-247. modified






Isolated skin ulcer model

Fascia
Muscle

Kurita et al. Nature. 2018;561:243-247. modified



Isolated skin ulcer model
DAY28

(n=20, no exception)

Kurita et al. Nature. 2018;561:243-247. modified



DGTM transduction

AAV: Adeno-associated virus vector

1) The strongest vector for
In vivo gene transduction

2) Relatively safe and
clinically utilized

Kotterman et al.
Nat Rev Genet.
2014 ;15(7):445-51.



DGTM transduction

AAV: Adeno-associated virus vector

DGTM-AAV

DO D18 D28



Induction of stratified epithelia
with DGTM transduction

Kurita et al. Nature. 2018;561:243-247. modified



Induction of stratified epithelia
with DGTM transduction

3mm 500um Original epidermis Induced epithelia

(n=21, no exception)

Kurita et al. Nature. 2018;561:243-247. modified



Induction of epithelial tissue
via direct reprogramming

AAV-DGTM

mp Epithelial -~ Mesenchymal
cells cells




Induction of epithelial tissue
via direct reprogramming
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Induction of epithelial tissue
via direct reprogramming

Epithelial « Mesenchymal

cells cells



With promotion of epithelialization

DO : AAV-DGTM + collagen
D4- : FGF2 + Rock inhibitor

Kurita et al. Nature. 2018;561:243-247. modified
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With promotion of epithelialization
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With promotion of epithelialization

DO : AAV-DGTM + collagen
D4- : FGF2 + Rock inhibitor

Kurita et al. Nature. 2018;561:243-247. modified



With promotion of epithelialization

DO : AAV-DGTM + collagen
D4- : FGF2 + Rock inhibitor

(n=5, no exception)
Kurita et al. Nature. 2018;561:243-247. modified



Wound closure via de novo epithelialization




Wound closure via de novo epithelialization




Wound closure via de novo epithelialization




Limitation

Wound healing with in vivo reprogramming

De novo epithelialization by in vivo reprogramming

Epithelial tissue only

Kurita et al. Nature. 2018;561:243-247. modified



Generation of skin with appendage
via tissue embryonization (2018-)
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Skin reconstitution
with embryonic skin cells

Embryo (E14.5)

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Skin reconstitution
with adult mouse skin cells

Epithelial cells

Adult (3-5wk) ASECs

Q~
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Mesenchymal cells

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Skin reconstitution
with new born mouse skin cells
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
epithelial cell factor
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Adult (3-5wk) ASMCs
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
epithelial cell factor

Adult (3-5wk)

Neonate (PO)

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
epithelial cell factor

Adult (3-5wk)

DGTM+LEF1

28 days

Neonate (PO)

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor

Epithelial cells

Adult (3-5wk) ASMCs

Neonate (PO)

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor

Adult (3-5wk)

o0

DGTM+LEF1

28 days

Adult (3-5wk)
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor

Epithelial cell : DNP63A+GRHL2+ TFAP2A+cMYC+LEF1
Mesenchymal celll: ETV1+FOXD1+PRDM1
Mesenchymal cell2: LEF1+SHH

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



|dentification of hair generatable
mesenchymal cell factor
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified




Minimization of reprogramming factors

DGTM+LEF1
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Skin appendage regeneration
via tissue embryonization
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Induction In isolated skin ulcer model

Skin

Deep fascia
Adipose
Muscle

DNP63A-AAVDJU

GRHL2-AAVDJU  FOXD1-AAVDJ
TFAP2A-AAVDJU  PRDM1-AAVDJ
cMYC-AAVDJU LEF1-AAVDJU
LEF1-AAVDJU SHH-AAVDJU

\ \/

1 D28
DO D9

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Induction In isolated skin ulcer model
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Induction In isolated skin ulcer model

+ Mesenchymal factor AAVs

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Induction In isolated skin ulcer model

D14

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Induction In isolated skin ulcer model

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Induction In isolated skin ulcer model

D28

Moriwaki et al. bioRxiv 2023.03.05.531138 modified



Induction In isolated skin ulcer model
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Moriwaki et al. bioRxiv 2023.03.05.531138 modified
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Limb regeneration via tissue embryonization
Embryonic day = E10 E11

E12 E13
Shape of limb 3 l S ‘ d d H

| imb bud —]

% W h © Epidermal cells
‘.
B - a  \yocytes

. S h &  Chondrocytes

B
“ # ="~ Fibroblasts _
:. h 7 Mesenchymal cells .
~d Endothelial cells
[ - 4

MOONSHOT

Embryonic progenitors



Induction of regeneration in
amputated forelimb

DO D7 D14 D21 D28 D35 D42 D49 D36 D63 D70
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Induction of regeneration in
amputated forelimb
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Induction of regeneration in
amputated forelimb

Salamander

McCusker et al. Regeneration 2015;2:54-71. modified
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Heber-Katz et al. Curr Top Microbiol Immunol.

Suzuki et al. ScientificWorldJournal. 2006;6 Suppl 1:26-37. 2013;367:253-76.



Induction of regeneration in
amputated forelimb
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Induction of regeneration in
amputated forelimb
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Induction of regeneration in

amputated forelimb
D7 D14 D21 D28 D35 D42 D49 D56 D63 D70
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Induction of regeneration in
amputated forelimb

D28 D42 D56 D70
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Gilbert et al. Regeneration (Oxf). 2015;2(2):45-53.  Casco-Robles et al. Biomedicines. 2021;9(10):1426. [HSasttEies




Induction of regeneration in
amputated forelimb
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Induction of regeneration in

amputated forelimb
D14 D28 D42 D56 D70 D84

Gene transduction
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Complex tissue generation
via tissue embryonization

Orbital content Kidney
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Moonshot program collaborators

DDS/ Carrier development
e Ishikawa et al. ACS Macro Lett. 2023;12(4):510-517.
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Hojo et al. Cell Rep. b,
2022:40:111315. . _ ...\
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