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The application potential of kidney organoids
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Strategies for Human Organ Fabrication

Experiments for In Pursuit of Fabricating
Methods How to : . .
: Proof of Concept by Small Animals Humanized Pigs
Use Pigs
Pancreas (Matsunari H, et al. PNAS 2013)
Pancreas (Yamaguchi T, et al. Nature 2017)
Liver (Fisher JE, et al. Liver Transplant 2013)
1) Whole Body Kidney (Usui J, et al. Am J Path 2012)
(Animal Factory) Liver (Hsu HC, et al. Transplant Proc 2017)

Liver (Hata T, et al. Ann Surg 2012) . .
Pig/Human Chinera (WuJ, et al Cell 2017)

Heart (ott HC, et al. Nature Med 2008) Heart (Kitahara H, et al.Cardio Thrac Surg 2016)

2) Use by Processin :

) y _ & Kidney (Ross EA, et al. JASN 2009) Kidney (Orland G, et al. Ann Surg 2012)
(Decellularized Graft)

Liver (Uygun BE, et al. Nature Med 2010)  Liver(Yagi H, et al. Cell Transplant 2012)

Lung (ott HC, et al. Nature Med 2010) Lung ( Nichols JE et al, Science Trans Med 2018)
Liver (Takebe T, et al. Nature 2013) Kidney(Hammerman M, et al. Organogenesis 2012)
3) Genesis Organs

(Fetus Genesis Grafts)
Kidney (Takasato M, et al Nature 2015)

Kidney (Mae S, et al Nature Communi 201 3)
Kidney (vokote s, et al. PNAS 2013)

Kidney (Yamanaka S, et al Nature Communi 2017)

(Modified Document for Bioethics Committee, Cabinet Office in 2013 Eiji Kobayashi) 6/45
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1. Check fluorescence I
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Euthanize 3. Genomic PCR analyses |
zygotes BL injection Pig embryo |
(3-10 cells) Female 'E““P""”‘ (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) 7/45




Transplantation of engineered chimeric liver with
autologous hepatocytes and xenobiotic scaffold

=Human original
| 3 o K Stem cell

1 4 7 10 13 16 19 22 25 28
(Hata T, et al. Ann Surg 2012)
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Production and transplantation of bioengineered

Left Lung
Scaffolds

BEL on
Culture
day 30

lung into a large-animal model

Culture
Chamber |

(Nichols JE, et al. Science Transl Med 2018)
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Perfusion based Decellularized Technique for Pig Organs

(Modified from Kobayashi E. Cell Medicine 2016) 10/45



Vascularized and Complex Organ Buds from Diverse
Tissues via Mesenchymal Cell-Driven Condensation
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Prolongation of life in anephric rats
following de novo renal organogenesis.
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(Rogers SA, Hammerman MR. Organogenesis. 2004)
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In zoological anatomy, a cloaca ( /klou erka/) is the posterior
opening that serves as the only such opening for the intestinal,
reproductive, and urinary tracts of certain animal species.
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Liver bud can not grow at the heterotopic site
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Organ bud DHREFRIRICIXEFRHA NS

Pancreatic Islet-Like Three-Dimensional Aggregates Derived
From Human Embryonic Stem Cells Ameliorate Hyperglycemia
In Streptozotocin-Induced Diabetic Mice
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Anatomical Similarity of Sinus between
Liver and Spleen
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プレゼンター
プレゼンテーションのノート
ヒト線維芽細胞由来iPS細胞から分化させた肝細胞様細胞の位相差顕微鏡像と、それを回収した細胞のスメアの免疫染色像。細胞は単層、一部重層している。トリプシン消化は比較的容易で、遠心後に凝集することもなかった。細胞は大小様々で、そのうち一部のやや大型の細胞がアルブミン陽性、ビメンチン（間葉系細胞の細胞骨格タンパク）はやや染色が弱いながら多くの細胞で陽性だった。


(Pretreatment)

Immunosuppression Immunosuppression
Tacrolimus Tacrolimus
MMF Cell MMF Sampl
Tx ing
Day -5 or -3 _ 4
S5 P e in
Day 0 Day28 _ Inlet — Artery
Pretreated with b . 4
Mitomicin C

UM o)



プレゼンター
プレゼンテーションのノート
マイクロミニブタには細胞移植5日前からMMFを、3日前からタクロリムスを経口投与した。移植は脾動静脈へのカニュレーションによって体外回路を形成、マイトマイシンCで脾内免疫担当細胞を不活性化した後に細胞移植を行った。4週後に犠死、サンプリングした。脾臓の一部に腫脹が見られた。


9 - o Pig No.1
O Pig No.2
4 - — Average

Human Albumin, ng/mL

Days after CTx
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プレゼンター
プレゼンテーションのノート
先の組織像の拡大。


279287992016

Fact book 2016 of Organ Transplantation in Japan &Y
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Organ Donation and Utilization in US
(1997-2006)
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(R.S.Sung, etal. Am J Trasuplintation 8(2); 922, 2008)
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Schematic diagram of ex vivo normothermic perfusion system
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(Hosgood SA & Nicholson ML. Transplantation 2011) 27/45



First in Man Renal Transplantation
After Ex vivo Normothermic Perfusion
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A randomized trial of normothermic
preservation in liver transplantation

NMP device and circuit. Image of liver during _
OrganOx metra (generation 1) normothermic machine perfusion

50 | NATURE | VOI 557 | 3 MAY 2018
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Don Quixote Project for Organ Resurrection
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(Kobayashi E with Screen Ltd. from 2015)



In 1912, Dr. Alexis Carrel was awarded the Nobel Prize in
Physiology or Medicine for pioneering vascular suturing techniques

A New techniques in vascular sutures in 1902

(1873-1944)
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The Culture of Whole Organs
Author(s): Alexis Carrel and Charles A. Lindbergh

| | AVAAAS \

Source: Science, New Series, Vol. 81, No. 2112 (Jun. 21, 1935), pp. 621-623
Published by: American Association for the Advancement of Science
Stable URL: http://www.jstor.org/stable/1660192

Accessed: 13-11-2017 02:50 UTC

Background

1812
Le Gallois Proposal for idea

1866

de Cyron Frog heart
Beating for 48 hours
Liver Urea production

Brown-Sequard Brain circulation

A cat's thyroid gland, varying in weight from 85 to
110 mgs, demands about 230 cc of nutrient fluid.

The solutions contain protein split-products, hemin,
cysteine, insulin, thyroxine, glutathione, vitamin A,
ascorbic acid, blood serum, et. The apparatus is kept
in an incubator at a temperature of 37-38C.

Thyroid glands were kept more than 20 days with
pulsating arteries and active circulation.
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Hypothermic temperature effects on organ survival and restoration
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(Ishikawa J, et al. Scientific Reports 2015) 33/45



SCREEN A Novel Machine Perfusion System Continuously from
Ex-vivo to “In-situ” on Marginal liver transplantation

(TTS 2018, Madrid)
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https://screen.co.jp/index.html
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Human Stem/
Progenitor Cells

Mature pig
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400 SCIENCE

IMMUNOGENETIC CONSEQUENCES OF
VASCULAR ANASTOMOSES BETWEEN
BOVINE TWINS:

ALMosT Ihirly years have parsed since Lillio? naed
the demonstrated voion of the circulatory syslems of
twin bovioe enbryos of opposite sex 1o explain, on an
endoerine basis, the frequent reprodactive abnormali.
tica of the femaale twin. Since the appearance of
Lillie's paper, the frecniartin, ss the modificd female
is called, bas become an important example of the
effects of hormones en sex-differentistion end wexus!
dovelopment in mammals.® Consequences olber than
endoerinological of nature’s cxperiment in parabiosix
have, however, received Jittle attention,

Estimates of the [requency of identical as compaured
with fraternal twioning indieate that tbe former is
relatively rare in caltle.t Tests for inherited eeliular
anligens in the bloods of more than eighty pairs of
bovine twins show, bowever, that in the majority of
these pnirs the wins bave identical blood types. Iden.
tity of blood types between full gibs not twins is in-
frequent, as might be expeoted from the large nomber
of different, genctically controlled antigeos™* (pow
wpproxireately 40) identified in the tests. If, thore
fore, the frequent identity of bleod types in twin
pairs can bo exploined neither as the result of mono-
zygotic twinning nor as chance ideatity between fra-
terosl Awiny, nor as the sum of these two factors, it
is evident that some mechanism is operating to pro-
duce frequent phenotypie dentity of blood Lypes in
geaetically disaimilur twins. The vasenlar annstomosis
betweon bovine twing, known o be a common ocour.
rence,® provides an explanstion.

1945

Yor. 102, No. 2651
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No, 4379

NATURE 603

‘ACTIVELY ACQUIRED TOLERANCE' OF FOREIGN CELLS
By Dr. R. E. BILLINGHAM*, L. BRENT and Pror. P. B. MEDAWAR, F.R.S.

Department of Zoology, University College, University of London

Experiments with Mice

A single experiment will be deseribed in moderate
detail : the recipients were mice of CBA strain, the
donors of 4 strain. The data for transplantations
between normal mice of theso strains are as follows.
The median survival time of A-line skin grafts
transplanted to normal OBA adults (regardless
of differences of sex, or of age within the interval
8 weeks-6 months) is 110 + 0-3 days’. In reacting
against such a graft, the host enters a state of
heightened resistance ; a second graft transplanted
up to sixty days after the transplantation of the first
survivos for less than six days, and immunity is still
strong, though it has weakened perceptibly, after
four months. Heightened resistance may be passively
transferred to a normal CB4 adult by the intra-
peritoneal implantation of pieces of lymph node
excised from a CBA adult which has been actively
immunized against 4-line skin®.

In the experiment to be described (Exp. 73), a
CUBA female in the 15-16th day of pregnancy by a

CBA male was anmsthetized with ‘Nembutal’, and
its body wall exposed by a median ventral incision
of the skin. The skin was mobilized but not reflected,
and particular care was taken not to damage the
mammary vessels. By manipulation of the abdomen
with damped gauzes, six fcetuses were brought into
view through the body wall. Each was injected
intra-embryonically with 0:01 ml. of a suspension of
adult tissue cells through a very fine hypodermic
needle passing suceessively through tho body wall,
uterine wall, and foctal membranes. (The inoculum
itself, consisting of a suspension in Ringer’s solution
of small organized tissue clumps, isolated cells, and
cell debris, had been prepared by the prolonged
chopping with scissors of testis, kidney and splenic
tissue from an adult male A-line mouse.) After
injection of the feetuses, the skin was closed with
interrupted sutures.

Preliminary Experiments with Chickens

Donora and recipients in these experiments wero
of Rhode Island Red and White Leghorn breeds,
regpectively. Skin transplanted from two weeks old
Rhode Island Red chicks to White Leghorn recipients
of the same age, using Cannon and Longmire’s
methods*, is completely destroyed within ten days of
grafting, to the accompaniment of an inflammatory
reaction of congpicuous violence.

The embryonic chick is particularly well suited to
experiments which make use of cellular inoculation,
because the intravenous route is so easily accessible.
Using methods demonstrated to us by Dr. C. Kaplan,
whose help has been of the greatest value, we have
obtained successful results by transfusing 0-2 ml.
unmodified whole blood from an 11-12 day old
embryonic Rhode Island Red donor into a chorio-
allantoic vein of a White Leghorn embryo of the
same age, Fourteen days after hatching, o test-graft
of skin was transplanted to the recipient from its
original donor. TIn seven such trials, five grafts
showed prolongation of survival; of these, three
succumbed within fifty duys to the accompaniment
of very much subdued inflammatory changes, and
two still survive, with normal growth of red feathers,
to the present time (125 days).

42145
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Immunological Effects of Experimental
Embryonal Parabiosis

ACCORDING to Burnet and Fenner! and also
Lopashov and Stroyeva?, the inability to react against
autologous antigens by the formation of antibodies
develops during fetal life (when the embryo is not
yet able to produece antibodies), by the action of the
antigens of the embryo’s own tissues on the reticulo-
endothelial system. According to Burnet and Fenner,
& similar inability to form antibodies can be provoked
by even a foreign antigen entering the reticulo-
endothelial system during this stage. The experi-
ments of Burnet, Stone and Edney?®, in which living
influenza virus A, bacterial virus € 16 and human
erythrocytes were introduced into chick embryos,
did not confirm their hypothesis. In agreement with
the theory are, however, the findings of Owen! in
respect of bovine twins. In the case of twins this

phenomenon is due to placental anastomosis, that is,
to natural embryonal parabiosis.

NATURE

voL, 175

April 30, 1955

Table 1. TITRES OF IMMUNE AGQLUTININS AGAINST CHICK ERYTHRO-
CYTES IN DUCKS

Parabionts Controls
g 32t 64, 32
4* 32, 64
8* 258
4, 4 128, 128
4 32, 8
641 64

32, 64

* Anjimal immmunized by ecythrocytes of embryonal parabiotic partner.

t Parabiont in which the exchange of blood was excluded by
agglutination test.

Exchange of blood not unequivocally demonstrated. o

All parabionts or their parlners were tested by agglutination
immediately after hatching for the exchange of erythrocytes.

For earlier material, in which embryonic erythroeyte exchange was
not tested, see Frenzl ef al. (ref. 8).

Table 2. TITRES OF NATURAL (IN PARENTHESES) AND IMMUNE
AGOGLUTIRING AQAINST DUCK ERYTHROCYTES IN CHICKS

Parabionts Controls

64 (18), 256 (32) 64 (4), 64 (B)

128 (2 128 (2)

256 (8)*, 256 (1) 256 (8)

512 (4)*% 128 (16), 1,024 (2)

128 (2) 128 (2)

* Represents an animal immunized by the crythroeytes of its
cmbryonal partner.

t The skin of the duck partner was transplanted on the fifth day
after hatching, the transplant surviviog sixteen days. )

All parabionts have been tested by agglutination immediately after
hatching with respect to the exchange of erythrorytes.
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Bone Marrow and Lymphoid Cell Injection of

the Pig Foetus resulting in Transplantation

Tolerance or Immunity, and Immunoglobulin
Production

IT is known that the pig is capable at birth of immune
responses to some antigens (phage*; animal viruses®s;
toxoids*; and homografts?*). The finding that thym-
ectomy in neonatal pigs is without effect on homograft
rojection® also suggests that the pig, unlike many labor-
atory rodents®1% acquires the faculty of graft rejection
before birth. Information on immune responses of pig
foetuses to injectod antigens has not been found in the
literature. This communication outlines such research.
Large white pig foetuses at 60, 80 or 104 days of
gestation were injected intraperitoneally through the
uterine wall at laparotomy of the dam with an allogeneic
white coll suspension taken either from blood and biopsied
Iymph nodes (6 x 10® nucleated cells/kg of body weight)
or from tibial bone marrow (185 x 10° nucleated colls/
kg of body weight). Pig lymph contains very {few lympho-
cytes'!, and so this rich source of lymphocytes in other
species could ;
for postnatal
of a carbon—
also for anti
litter were 14
with killed
‘Ampicillin’
birth to the
cell suspensic

179

i : sies [ ; E glets breated
“he. 1. Photomicrographs of biopsies feom homografis on pig |
sfx:béﬂldu{'s geatation with: 4, c-untrculi conw.;_ttntécna! a;m'ipsr:?('g rdunu(fl (%&»1:;:
marrow el suspension from the skin graft donor ( = 75) (: oy denots
junc f graff on left aud normal skin on right). 4, Conventions a
i;é'ﬁ‘ z‘lrtf;gt‘;d:"piglnt‘ R days after grafting. Primary homograft re!cr.twltl.
B, Bone marrow cell treated male piglet 50 days after grafting. ¥u=e_mn‘.
C',"Bmlc marrow cell treated female piglet 80 dayaafier grafling, Tolerant,
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