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for Experimental Microsurgery
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New trends in translational Microsurgery

A New Concept of
Master-Slave Regulation without sensing

(Kobayashi E. Acta Cir Bras. 2018 Sep;33(9):862-867)
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Japan Agency for Medical Research and Development
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New trends in translational Microsurgery

A New Concept of
Micro & Macro Borderless Surgery

Present

(Kobayashi E. Acta Cir Bras. 2018 Sep;33(9):862-867)
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What is ‘Viewing from afar’ ?

¥ parallax 1 r ;

Depth of field (DOF); Shallow DOF: Pan focal
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Reprograming

John Bertrand Gurdon
Novel Prize in Physiology or Medicine 2012

Distraction of Nuclei
by UV irradiation

<! - Reprograming
‘ ) — d— — h
Mulberry Real  Tadpoles Cloned Frog

unfertilized egg  Injection Intestln Embryo

' CeII
@D Somatlc Cell nuclear transplantation

&=

Tadpoles
( Gurdon JB, J Embryo Exp Morphol 1962)
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Cloning of Macaque Monkeys by
Somatic Cell Nuclear Transfer
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Dr. Claude Bernard (1813-1878)
(Picked up from the Internet)
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PET O O 1~2mm;% K#tgeE =RRE/ Picomolar

CT O O 50~100 4 m;5> fREIHEEE OV RS RMOREE X
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MRI
(15585 1.5T, MAGNETOM ESSENZA) (SOMATON Sensation 16)
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Catheter-Based Sympathetic Denervation (CBSD) Transcatheter Aortic Valve Implantation (TAVI)

Pra treatment Post treatment (acuta) 10 d post troatment

K &

Untraated (naive) Post treatment (acuta) 10 days post treatmant

Angiography

.

QCT

(Steigerwald K etal. J Hypertention, 2012 (Numburi UD, et al. Int J Cardiovasc Imaging 2013)
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Strategy for Creating Transplantable Organs

Strategy POC in Small Animals

POC in Pigs

Pancreas (kobayashi T, et al. Cell 2010)

Pancreas (vamaguchiT, et al. Nature 2017)

(7) In Vivo Bioreactor Kidney (usuiJ, et al. Am J Path 2012)

Liver (Hata T, et al. Ann Surg 2013)*

Liver ( Takebe, et al. Nature 2013))
(2) Organ Buds Liver (yanagi, et al Scientific Reports 2017) *
Kidney (Matsumoto, et al Stem Cells 2012) *

Kidney ( Takebe, et al. Cell Stem Cell 2014)

Heart (ott Hc, et al. Nature Med 2008)

(3)Ex vivo fabrication Heart (LuTY, etal. Nature Com 2013)

Heart (sekine H, et al. Nature Com 2013) *
(Decelluler) .

Kidney (Ross EA, et al. JASN 2009)

Liver (Uygun BE, et al. Nature Med 2010)

Lung (ott Hc, et al. Nature Med 2010)

Pancreas (Matsunari H, et al. PNAS 2013)
LiVEr (Fisher JE, et al. Liver Transplant 2013)

LIVer su H, et al Transplant Proc 2017)*

Pig/Human Chimera wu J, etal Cell 2017)

Pancreas (Hammerman M, et al. Organogenesis 2012)

Kidney (Yokote S, et al. PNAS 2015)*

Kidney (Orland G, et al. Ann Surg 2012)
Liver (vagiH, etal. Cell Transplant 2012)
Heart (kitahara H, et al.Cardio Thrac Surg 2016)

Lung (Nichols JE et al, Science Trans Med 2018)

Liver, Kidney, Intestine, etc

(Kobayashi E, et al. Cell Medicine 2015)*

* Author’s reports
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2IL0D-hiPSCs  4i=hiP3Cs NHSMhIPSCs FAC-hIPSCs
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= 5 H‘"‘ 1. Check fluorescence I

9 —» h —} — | 2. IHC analyses |

f( " Euthanize 3. Genomic PCR analyses |

Zygotes BL injection Pig embryo |
(310 cells) Female recipient (Day21-28)

(Wu J, et al. Cell 2017)

2. Interspecies
blastocyst complementation

1. Generation of
autologous IPSCs

4. Transplantation of islets 3. Removal of pancreata
into diabetic mice P and isolation of islets

(Yamaguchi T, et al. Nature2017)
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Transplantation of engineered chimeric liver with
autologous hepatocytes and xenobiotic scaffold

|/-".’ '&

!3‘ o —_

(A \ .___Human original
g r.-"/ | | Stemcell
Mf : :
I-._\J\'I‘ |/

Chimeric liver

1 4 v 10 13 16 19 22 25 28

(Hata T, et al. Ann Surg 2012)



Human Stem/
Progenitor Cells

fetus neonate / )
7 o Mature pig

Drug inducing
Apoptosis of Target Pig Organ

(E Kobayashi )




Strategy for Creating Transplantable Organs

Strategy POC in Small Animals POC in Pigs
Pancreas (kobayashi T, et al. Cell 2010) Pancreas (vatsunari H, et al. PNAS 2013)
Pancreas (vamaguchi T, et al. Nature 2017) LiVEr (Fisher JE, et al. Liver Transplant 2013)
(7) In Vivo Bioreactor Kidney (usuiJ, etal. AmJ Path 2012) LiVer su H, et al Transplant Proc 2017)*
Liver (HataT, et al. Ann Surg 2013)* Pig/Human Chimera wu J, etal Cell 2017)

Liver ( Takebe, et al. Nature 2013))

Pancreas (H M, etal. O is 2012
(2) Organ BUdS Liver (Yanagi, et al Scientific Reports 2017) * friammerman M, etal. Organogenesis )

Kidney (Matsumoto, et al Stem Cells 2012) * Kidney (Yokote S, et al. PNAS 2015) *

Kidney (Takebe, et al. Cell Stem Cell 2014)

Heart (ott HC, et al. Nature Med 2008) Kidney (Orland G, et al. Ann Surg 2012)

(3)Ex vivo fabrication Heart (LuTY, etal. Nature Com 2013) LiVer ( vagiH, et al. Cell Transplant 2012)

Heart (sekine H, et al. Nature Com 2013) *
(Sekine H, et al. Nature Com ) Heart (kitahara H, et al.Cardio Thrac Surg 2016)

(Decelluler) .
Kldney (Ross EA, et al. JASN 2009) Lung ( Nichols JE et al, Science Trans Med 2018)

Liver (Uygun BE, et al. Nature Med 2010) Liver, Kidney, Intestine, etc

. - *
Lung (Ott HC. et al. Nature Med 2010) (Kobayashi E, et al. Cell Medicine 2015)

* Author’s reports






Development of Liver Organoid from Human iPS cells

Constructed Cells/Factors

182:299-311

Author Journal Report — T
hepatic cells mesenchyma endothelia 3D formation
cells cells
Nature
Takebe T, et al. 499(7459): 2013 v v v
481-484
Nature
Camp JG, et al. 546(7659) 2017 v v v VEGF
533-538
invered
Biomaterials
Ng SS, et al. 2018 v colloid

crystal




Liver bud can not grow at the heterotopic

Heterotopic

site Orthotopic Transplantation

__|prsecicm2lsr)

1 7 14212835424956 7077 B4 89 1 7 14212835424956 7077

{Yemigi ¥ et al, Scientific Repares 2017



Method of creating liver structures
using a 3D bio-printer

Bio 3D printer

a low attachment

surface U-bottomed
96-well plates
Iticellular spheroi |
multicellular spheroids - liver tissue construct
(liver bud)
PANEEET A o

Skewering on the needles as a temporal fixtator

(Modified from Yanagi Y et al. Scientific Reports 2017)



Strategy for Creating Transplantable Organs

Strategy POC in Small Animals POC in Pigs
Pancreas (kobayashi T, et al. Cell 2010) Pancreas (vatsunari H, et al. PNAS 2013)
Pancreas (vamaguchi T, et al. Nature 2017) LiVEr (Fisher JE, et al. Liver Transplant 2013)
(7) In Vivo Bioreactor Kidney (usuiy, etal. AmJ Path 2012) LIVer Hsu H, et al Transplant Proc 2017)*
Liver (HataT, et al. Ann Surg 2013)* Pig/Human Chinera awu J, etal Cell 2017)

Liver ( Takebe, et al. Nature 2013))

PancreasH M, et al. is 2012
(2) Organ Buds Liver (Yanagi, et al Scientific Reports 2017) * (Hammerman M, etl. Organogenests 20127

Kidney (Matsumoto, et al Stem Cells 2012) * Kidney (Yokote S, et al. PNAS 2015)*

Kidney (Takebe, et al. Cell Stem Cell 2014)

Heart (Ott HC, et al. Nature Med 2008) Kidney (Orland G, et al. Ann Surg 2012)

(3)Ex vivo fabrication Heart (LuTY, etal. Nature Com 2013) LiVer ( vagi H, et al. Cell Transplant 2012)

Heart (sekine H, et al. Nature Com 2013) *
(Sekd ’ . ) Heart (Kitahara H, et al.Cardio Thrac Surg 2016)

(Decelluler) .
Kldney (Ross EA, et al. JASN 2009) Lung ( Nichols JE et al, Science Trans Med 2018)

LiVer (uygun BE, et al. Nature Med 2010) Liver, Kidney, Intestine, etc

. o *
Lung (Ot HC. et al. Nature Med 2010) (Kobayashi E, et al. Cell Medicine 2015)

* Author’s reports



Production and transplantation of bioengineered
lung into a large-animal model

Left Lung Culture
Scaffolds ] Chamber

BEL on
Culture
day 30

(Nichols JE, et al. Science Transl Med 2018)



Perfusion based Decellularized Technique for Pig Organs

V _ : __ ' 1 rp _x
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(Modified from Kobayashi E. Cell Medicine 2016)
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(1 ) ﬁ:ﬁzé\ Interview

(2)#182  Inspection

Visual diagnosis

(3)%54* Auscultation EE&2

a stethoscope

(4)¥Ts2 Percussion °MiZiTE7 5

esound the lungs

(5)%5‘/} Palpation
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