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neonate
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Drug inducing
Apoptosis of Target Pig Organ

(E Kobayashi ;unpublished)



In the heat of argurment,
for hurman organs

Plig as In vivo bioreactor
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(Wu J, et al. Cell 2017)
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Strategies for human organ development in Pigs

Fertilized-egg

Fetal

Fetal Approach

1ved stem (or progenitor) cells

d

s @t
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Problems Animal set embryos - Immune Responses

(Chimera in neuro and genital cells) (Rejection of human-derived cells)

(Kobayashi E, et al. Keio J Med in press)
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https://www.asahi.com/articles/photo/AS20190521002383.html

Development of an immunodeficient pig model allowing
long-term accommodation of artificial human vascular tubes

Figure 3. A histological analysis of the patent or rejected HOBPTSs at two weeks after transplantation.

(Nat Commun.2019 May 21,10(1):2244.)



Table 1| Profile of pigs and post-operative immunosuppressant regimens

Institutes

Kinds of Pigs

Tacrolimus
(mg/kg/day)

MMF
(mg/kg/day)

Prednisolone
(mg/animal/day)

1n the various laboratories

Nihon Bioresearch National Center for Child

Inc.

(Reference 4) Axcelead Drug Discovery

Partners, Inc

Gottingen mini-pigs Micro mini-pigs
Male, 6-7 months, >15 kg Male and Female, >12 months

0.5 0.5-0.6
60 40-60
20 20

MMF: mycophenolate mofetil

Health and Development -

Tokyo Women's

Medical University !

Farm animals
Female, 3-4 months,
20-25 kg

1.0

60-62

20

Kyoto University

Clawn mini-pigs
Male, 30-35 kg

0.5

50

20

(Kobayashi E, et al. Submitted)
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hHeps

a low attachment
surface U-bottomed
g6-well plates

multicellular spheroids
(liver bud)
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Skewering on the needles as a temporal fixtator

(Yanagi Y, et al. Scientific Report 2017)
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CO2 gas source

Air pH

Bioluminescence (photon / sec)

Data acquisition system

Exvivod):

Process controller

Pressure

220 *-I" —
25 T Cik

Cell sheets

'.--' ¥ Vascular bed
., b

transmitier F1OW transmitter ( Tissue culture chamber
transmitter
Mixture gas /’L
l I J \
Pump ‘ _
Media reservoir Waste fluid
EC (+) FGF (+)
25x 108 7 EC (+) FGF (-)
EC (-) FGF (+)
8
1.5x 108 )
1.0x 108 h
7
50x10 18.3min
0
0 10 20 30

45 min

EC (+), FGF-2 (-)

\/, u_,,_a ‘: = | _W -
Higizigdr LTS

EC (-), FGF-2 () EC (), FGF-2 (+)

EC (+), FGF-2 (+)

4

40 50
Time (min)

60 70 80 90 100
(Sekine H, et al. Nature Comm 2013)
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プレゼンター
プレゼンテーションのノート
ここに目的を載せた方がわかりやすいかも？
6,7枚目を整理する
なぜEx vivoでやろうと思ったのかをスライドまたは口頭で説明する
下にスライドのまとめを書く
この表を最後にもってきて、どこが検証できて、どこがまだかを説明したほうがわかりやすい


CNETHORLRE Ex vivoﬂﬁi&iﬁﬁfé R AT L

CD34 (+) -y .f”
MR LT @G MM

i oo, TR =

20 CDv—h—kEtEE (%) 30 e FRatEE (%)

s X

= o 29

W15 | 136 12.8 B

% | % 2 13,83

2 0 -E: " 8.425

m m .

S . 49 =10 5.57

< | o 5

a =

° 9 - > 9

KERE [ In vitro KERE B In vitro

AB#En=48§n=2.In vitro n=5 AEREn=3 B4Mn=1,In vitro n=2
I7-N—RBEERELTY IS5—I—RERREEETRT
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(Fujiyama S, et al. Submitted)



Don Quixote Project for Organ Resurrection

(Kobayashi E with Screen Ltd. from 2015)



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

| I\AAA*{\

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.



THE SERIAL CULTIVATION OF HUMAN DIPLOID CELL STRAINS

SUBCULTIVATIONS Dagrammatic representation of
0 0 20 30 40 50 , _
| . T ; B the history of cell strains and the
/Cell line phenomenon of cell alteration.

Phase |, or the primary culture,
terminates with the formation of the
first confluent sheet. Phase Il is
\ characterized by luxuriant growth
necessitating many subcultivations.

CELL ALTERATION
{Moy occur anywhere
On curve)

RELATIVE NUMBER OF CELLS

Il  Cellsin this phase are termed “cell

strains”. An alteration may occur at
PHASE | any time glvmg r|§e t.o ? -cgll line

(Primary ¢ulture) whose potential life is infinite. Con-
/ versely, cell strains characteristically

A enter Phase Il and are lost after a

Ol 23 4 5 6 7 8 9 10101 12 finite period of time.
MONTHS

(L. Hayflick and PS Moorhead. Experimental Cell Research 1961)



Hypothermic temperature effects on organ survival and restoration

o
>
Process =
Organ
controller @ trap 8 o
Pump chamber
6°0)
R0Y
Pump A
Perfusate === <1 Oxygenator j
reservoir L m Perfusate
~ Heater receiver 100 ® '
© { resurrected liver
9\_/ 30  vecocccee transplantation
2 .
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‘?‘g . transplantation
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Days after transplantation

(Ishikawa J, et al. Scientific Reports 2015)
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Uncontrolled donation after circulatory death: A cohort study of data from
a long-standing deceased-donor kidney transplantation program

Despite good long term outcomes of kidney transplants from controlled donation
after circulatory death (DCD) donors, there are few uncontrolled DCD (uDCD)
programs.

This longitudinal study compares outcomes for all uDCD (N=774) and all donation
after brain death (DBD) (N=613) kidney transplants performed from 1996 to 2015 at
our center. DBD transplants were divided into those from standard-criteria (SCD)
(N=366) and expanded-criteria (N=247) brain dead donors (ECD).

One-, five- and ten year graft survival rates were: 91.7%, 85.7% and 80.6% for SCD;
86.0%, 75.8% and 61.4% for ECD; and 85.1%, 78.1% and 72.2% for uDCD respectively.
Graft survival was worse in recipients of uDCD kidneys than of SCD (p=0.004) but
better than in transplants from ECD (p=0.021). The main cause of graft loss in the
uDCD transplants was primary non-function. Through logistic regression, donor
death due to pulmonary embolism (OR 4.31, 95% ClI 1.65-11.23), extrahospital CPR
time >75 min (OR1.94, 95%Cl 1.18-3.22), and in-hospital CPR time =50 min (OR 1.79,
95% Cl 1.09-2.93) emerged as predictive factors of primary non function.

According to the outcomes of our long-standing kidney transplantation program,
uDCD could help expand the kidney donor pool.

(Sdnchez-Fructuoso Al et al. Am J Transplant. 2018 Dec 27.)



Kidney transplant from uncontrolled donation after circulatory death donors maintained by
nECMO has long-term outcomes comparable to standard criteria donation after brain death.

Uncontrolled donation after circulatory death (uDCD) increases organ availability for
kidney transplant (KT) with short-term outcomes similar to those obtained from
donation after brain death (DBD) donors. However, heterogeneous results in the long
term have been reported.

We compared 10-year outcomes between 237 KT recipients from uDCD donors
maintained by normothermic extracorporeal membrane oxygenation (hnECMO) and 237
patients undergoing KT from standard criteria DBD donors during the same period at
our institution. We further analyzed risk factors for death-censored graft survival in the
uDCD group.

Delayed graft function (DGF) was more common in the uDCD group (73.4% vs 46.4%;
P <.01), although glomerular filtration rates at the end of follow-up were similar in the
2 groups. uDCD and DBD groups had similar rates for 10-year death-censored graft
(82.1% vs 80.4%; P = .623) and recipient survival (86.2% vs 87.6%; P = .454). Donor
age >50 years was associated with graft loss in the uDCD group (hazard ratio: 1.91;

P =.058), whereas the occurrence of DGF showed no significant effect.

uDCD KT under nECMO support resulted in similar graft function and long-term
outcomes compared with KT from standard criteria DBD donors. Increased donor age
could negatively affect graft survival after uDCD donation.

(Molina M et al. Am J Transplant. 2018 Jun 27.)



Donor acceptance criteria for uDCD donor

1. Donor age between 18and 60y

2. Known time of CA

3. Time between CA and the initiation of aCPR <15 min

4. Cause of death known or easily ascertainable

5. No evidence of bleeding lesions in the thoracic or abdominal
cavities that may interfere with organ perfusion measures

6. No suspicion (as per external appearance) of intravenous drug
abuse posing a potential risk for infection due to human
immunodeficiency virus, hepatitisC virus, or hepatitis B virus

7. Total warm ischemia time <150 min

aCPR, advanced cardiopulmonary resuscitation;

CA,cardiacarrest;

uDCD, uncontrolled donation after circulatory death.
(Molina M et al. Am J Transplant. 2018 Jun 27.)
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A randomized trial of normothermic preservation
in liver transplantation
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A randomized trial of normothermic preservation

in liver transplantation
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Ischemia Free Transplantation in Pigs

(Yoshimoto S, et al. Transplant Proc 2019)
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(Kobayashi E, et al. Transplant Direct 2019)



Intra-Abdominal Cooling System Limits Ischemia—Reperfusion Injury
During Robot-Assisted Renal Transplantation

(R. P. H. Meier et al. AJT 2018)



Temperature (C7)

Temperature curves from kidney explantation

to kidney revascularization
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(R. P. H. Meier et al. AJT 2018)



Intra-abdominal cooling by the TBB
made of medical grade silicone

(Kobayashi E, et al. Transplant Direct 2019)



Reduction of warm ischemia using a Thermal Barrier Bag

Donor

P

Recipient - ¥

(Torai S, et al. Transplant Proc 2019)



Comparison of kidney temperature rise trends in ex
vivo experiment and simulation

=
o

td
Lh

15

Temperature of kidney ["C]
o
th )

10

— without TBS(calc.)
——with TBS(calc.)
e without TBS(exp.)
e with TBS(exp.)
30 40 50 60 70 80
Times after Put-in [min]

(Torai S, et al. Transplant Proc 2019)
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