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Materials and Methods
Photnus pyralis Firefly Tg Rat
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Light Emission of Luciferase
Transgenic Rat
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Chase the transplanted hepatocytes
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		Hepatoectomized liver		12178000		3866800		818530		228110		506810

		Normal liver		12001000		22970000		4099000		8451600		14464000

		Ope date		6/21/05		hepatectomy(+)+hepatocyte:050621				6/21		7/19-1		7/19-2		8/8-1		8/8-2		8/9-1		8/9-2										Hepatoectomy		non-treat				SD		SD

				肝切＋肝細胞 カンセツカンサイボウ				1		12001000		1.01E+06		2.30E+06		4.74E+07		8.99E+06		1.47E+07		4.71E+06				13017285.7142857		15975237.9190868		1		13017285.7142857		4333316.66666667				2091588.06244055		5653462.30935816

								3		22970000		3.62E+06				1.89E+07		1.24E+07		5.06E+07		2.40E+07				22079333.3333333		15899721.3392772		3		22079333.3333333		1457114.28571429				4369645.54609882		1793867.22288282

								6		4099000						1.61E+07		7.63E+06		1.66E+07		1.38E+07				11634800		5517990.36787851		6		11634800		804006

								9		8451600		6.18E+06														7315300		1606970.87092455		9		7315300		832555				4036398.23641395		854814.316708605

								13		14464000																14464000		0		13		14464000		506810

						7/15/05		24		1.00E+07		8.03E+06														9023000		1409970.92168598		24		9023000		1891750				5383224.48664622		262690.169210802

						7/22/05		31		5.80E+06		5.15E+06														5474000		459619.407771256		37		5524000		747500

						7/28/05		37		5.52E+06																5524000		0		46		8619000		281500

						8/6/05		46		8.62E+06																8619000		0		59		13610000		339100

								51		1.33E+07																13270000		0

								59		1.36E+07																13610000		0

						hepatectomy(-)+hepatocyte:050621				6/21		7/19-1		7/19-2		8/8-1		8/8-2		8/9-1		8/9-2

				右葉+肝細胞 ウヨウカンサイボウ				1		12178000		5.63E+06		9.22E+05		6.38E+05		3.06E+06		3.58E+06						4333316.66666667		4259130.58753388

								3		3866800		3.18E+06		4.73E+05		6.84E+05		1.10E+06		5.72E+05		3.24E+05				1457114.28571429		1444737.03654399

								6		818530						1.05E+06		8.18E+05		8.03E+05		5.27E+05				804006		186402.662749221

								9		228110		1.44E+06														832555		854814.316708605

								13		506810																506810		0

						7/15/05		24		6.57E+05		3.13E+06														1891750		1746907.30292137

						7/28/05		37		4.84E+05		1.01E+06														747500		372645.273685311

						8/6/05		46		2.82E+05																281500		0

								59		3.39E+05																339100		0

																										0

																										0

		Ｏｐｅ　		7/19/05		hepatectomy(+)+hepatocyte:050719

				肝切＋肝細胞 カンセツカンサイボウ		7/20/05		1		1.01E+06		#01

						7/20/05		1		2.30E+06		#03

						7/22/05		3		3.62E+06		#04

						7/28/05		9		6.18E+06		#04

						8/6/05		18		3.25E+06		#04

								23		8.03E+06

								31		5.15E+06

				右葉+肝細胞 ウヨウカンサイボウ

						hepatectomy(-)+hepatocyte:050719

						7/20/05		1		5.63E+06		#10

						7/20/05		1		9.22E+05		#11

						7/22/05		3		3.18E+06		#10

						7/22/05		3		4.73E+05		#11

						7/28/05		9		1.44E+06		#10

						8/6/05		18		1.03E+06		#10

								23		3.13E+06

								31		1.01E+06

						hepatectomy(+)+hepatocyte:050808

										LEW01		LEW02

								1		4.74E+07		8.99E+06

								3		1.89E+07		1.24E+07																														Click Number		ROI		Total Flux (p/s)		Date and Time

								7		1.61E+07		7.63E+06																														YH20050815132211		ROI 1		1.61E+07		8/15/05 13:22

																																										YH20050815132515		ROI 1		7.63E+06		8/15/05 13:25

						hepatectomy(-)+hepatocyte:050808

										LEW03		LEW04																														Click Number		ROI		Total Flux (p/s)		Date and Time

								1		6.38E+05		3.06E+06																														YH20050815133043		ROI 1		1.05E+06		8/15/05 13:31

								3		6.84E+05		1.10E+06																														YH20050815133342		ROI 1		8.18E+05		8/15/05 13:34

								7		1.05E+06		8.18E+05

						hepatectomy(+)+hepatocyte:050809

										LEW01		LEW03

								1		1.47E+07		4.71E+06																														Click Number		ROI		Total Flux (p/s)		Date and Time

								3		5.06E+07		2.40E+07																														YH20050815135030		ROI 1				8/15/05 13:50

								6		1.66E+07		1.38E+07

						hepatectomy(-)+hepatocyte:050809

										LEW02		LEW04

								1		3.58E+06		ND

								3		5.72E+05		3.24E+05

								6		8.03E+05		5.27E+05

						hepatectomy(+)+hepatocyte:050809

										LEW/DA 01		LEW/DA 02

								1		1.33E+06		3.98E+06

								3		7.24E+06		3.42E+06

								7		dead		3.68E+06

						hepatectomy(-)+hepatocyte:050809

										LEW/DA 03

								1		2.48E+06

								3		9.29E+04

								7		3.86E+03

						hepatectomy(+)+hepatocyte:050809

										DA 01		DA 02

								1		1.52E+06		6.86E+06

								3		4.68E+06		5.05E+06

								7		dead		2.88E+03

		Ope date		6/21/05		hepatectomy(+)+hepatocyte:050621				6/21		7/19-1		7/19-2		8/8-1		8/8-2		8/9-1		8/9-2

				肝切＋肝細胞 カンセツカンサイボウ				1		12001000		1.01E+06		2.30E+06		4.74E+07		8.99E+06		1.47E+07		4.71E+06				13017285.7142857		15975237.9190868

								3		22970000		3.62E+06				1.89E+07		1.24E+07		5.06E+07		2.40E+07				22079333.3333333		15899721.3392772

								7		4099000						1.61E+07		7.63E+06		1.66E+07		1.38E+07				11634800		5517990.36787851

								14		14464000																14464000		0

						7/15/05		21		1.00E+07		8.03E+06														9023000		1409970.92168598

						7/28/05		35		5.52E+06																5524000		0

						8/6/05		49		8.62E+06																8619000		0

								63		1.36E+07																13610000		0

						hepatectomy(-)+hepatocyte:050621				6/21		7/19-1		7/19-2		8/8-1		8/8-2		8/9-1		8/9-2

				右葉+肝細胞 ウヨウカンサイボウ				1		12178000		5.63E+06		9.22E+05		6.38E+05		3.06E+06		3.58E+06						4333316.66666667		4259130.58753388

								3		3866800		3.18E+06		4.73E+05		6.84E+05		1.10E+06		5.72E+05		3.24E+05				1457114.28571429		1444737.03654399

								7		818530						1.05E+06		8.18E+05		8.03E+05		5.27E+05				804006		186402.662749221

								14		506810																506810		0

						7/15/05		21		6.57E+05		3.13E+06														1891750		1746907.30292137

						7/28/05		35		4.84E+05		1.01E+06														747500		372645.273685311

						8/6/05		49		2.82E+05																281500		0

								63		3.39E+05																339100		0

								POD		Injured		Normal		SD		SD

								1		13017285.7142857		4333316.66666667		15975237.9190868		4259130.58753388

								3		22079333.3333333		1457114.28571429		15899721.3392772		1444737.03654399

								7		11634800		804006		5517990.36787851		186402.662749221

								14		14464000		506810

								21		9023000		1891750		1409970.92168598		1746907.30292137

								35		5524000		747500				372645.273685311

								49		8619000		281500

								63		13610000		339100

								POD		Injured		Normal		SD		SD

								1		12001000		12178000		15975237.9190868		4259130.58753388

								3		22970000		3866800		15899721.3392772		1444737.03654399

								7		4099000		818530		5517990.36787851		186402.662749221

								14		14464000		506810

								21		10020000		6.57E+05		1409970.92168598		1746907.30292137

								35		5524000		4.84E+05				372645.273685311

								49		8619000		2.82E+05

								63		13610000		3.39E+05





						2091588.06244055		0		5653462.30935816

						4369645.54609882				1793867.22288282

						NaN				NaN

						4036398.23641395				854814.316708605

						NaN				NaN

						5383224.48664622				262690.169210802

						NaN				NaN

						NaN				NaN
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								ROI		Total Flux (p/s)		Total Flux (p/s)

								ROI 1		6.26E+03		6.26E+03		2.31E+05		4.23E+05		5.40E+05		6.81E+05		8.11E+05		7.09E+05		8.20E+05

								ROI 2		9.60E+03		9.60E+03		2.37E+05		4.01E+05		4.53E+05		7.96E+05		8.13E+05		7.39E+05		8.74E+05

								ROI 3		8.13E+05		7.93E+03		2.34E+05		4.12E+05		4.96E+05		7.38E+05		8.12E+05		7.24E+05		8.47E+05

								ROI 4		8.20E+05

								ROI 5		8.74E+05

								ROI 6		8.11E+05

								ROI 7		7.96E+05

								ROI 8		7.39E+05				%		Photon

								ROI 9		7.09E+05				0		7927

								ROI 10		6.81E+05				25		233700

								ROI 11		5.40E+05				50		412100

								ROI 12		4.53E+05						75

								ROI 13		4.23E+05				100		738350

								ROI 14		4.01E+05

								ROI 15		2.31E+05						811900		112.9777790671

								ROI 16		2.37E+05						723550		100.1630308656

																846800		118.0398584358

												1		14		30

												4036600000		9340200000

												4465800000		10196000000		7865500000

														4119900000		157080000

												4251200000		7885366666.66667		4011290000

												POD

												1		4251200000

												14		7885366666.66667

												30		4011290000





		



Photon



		





		

						Hepatocyte transplant

								1		3		6		9		13

						Hepatoectomized liver		12001000		22970000		4099000		8451600		14464000

						Normal liver		12178000		3866800		818530		228110		506810





		



Hepatoectomized liver

Normal liver



		

								Click Number		ROI		Total Flux (p/s)		Date and Time

								YH20050607201050_004		ROI 1		3.80E+06		6/7/05 20:14

								YH20050607201050_004		ROI 2		2.07E+04		6/7/05 20:14

										Pre BMT		20660

										Post BMT		3795000





		





		

				LUC#11		Click Number		ROI		Total Flux (p/s)		Date and Time

				PH1		YH20050620174324_002		ROI 1		1.20E+06		6/20/05 17:44

				PH2		YH20050620174324_002		ROI 2		1.77E+06		6/20/05 17:44

				PH3		20050808				3.44E+06

				PH4						4.18E+06

										2.65E+06

										1396042.05572695

				LUC#11

				SH1		YH20050620174324_002		ROI 3		1.93E+06		6/20/05 17:44

				SH2		YH20050620174324_002		ROI 4		1.92E+06		6/20/05 17:44

				SH3		20050808				6.89E+05

				SH4						6.56E+05

										1.30E+06

										722255.483208677

				LEW

				PH		20050808				3.08E+04

										2.16E+04

										1.11E+05

										5.44E+04

										48953.0211665565

								1202000		1932000

								1769000		1915000

								1485500		1923500

								Total Flux		SD

						Luc PH		2648902.5		1396042.05572695

						Luc SH		1298147.5		722255.483208677

						Wild LEW		54350.6666666667		48953.0211665565

								Total Flux		SD

						Luc Tg		2648902.5		1396042.05572695

						Wild LEW		54350.6666666667		48953.0211665565





				1396042.05572695

				722255.483208677

				48953.0211665565



Total Flux



				1396042.05572695

				722255.483208677



Total Flux




Bone Marrow-Derived Mesenchymal Stem Cells Ameliorate
Hepatic Ischemia Reperfusion Injury in a Rat Model

A 24 hrs 168 hrs
B 600000
Ghrs v 2dhrs: P =003
500000 Bhrs ve. 120hrs: P <0.01
& I Bhrs vs. 168hrs: P <0.01
G 400000
E 28hrs vs. 72hrs: P <0.03
E 300000 2dhrs v 120hrs: P <001
§ 24hrs vs. 168hrs: P <0.01
£ T
'E- 200000 72hrs ws. 120hrs: P <0.01
100000 72hrs vs. 168hrs: P <001
Ghrs 24hrs 72hrs 120hrs 168hrs

(H Kanazawa et al. PLoS One 6(4):€19195 2011)



In Vivo Bioimaging Analysis of Stromal Vascular Fraction-Assisted
Fat Grafting: The Interaction and Mutualism and Cells and Grafted Fat

Nude mice

(Zhou SB, et al. Transplantation 2014)



Bioluminescence (photon / sec)

In vitro fabrication of functional three-dimensional
tissues with perfusable blood vessels

Data acquisition system Cell sheets
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(Sekine H, et al. Nature Comm 2013)



Hypothermic temperature effects on organ survival and restoration
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(Ishikawa J, et al. Scientific Reports 2015)



Transplantation of engineered chimeric liver with
autologous hepatocytes and xenobiotic scaffold

~==Human original
N ¢ Stem cell

4 7 10 13 16 19 22 25 28
(Hata T, et al. Ann Surg 2012)
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Chimeric 2C10R4 anti-CD40 antibody therapy is critical
for long-term survival of GTKO.hCD46.h'TBM pig-to-
primate cardiac xenograft

= = 'z
2C10 o= - o =
dose E E E =4
LD LE = oy
reduction ﬁ l‘:l =
100
e 80 S
=
S 60 -
L]
—
D 40 -+
a 20 -
U 77T T+ T T T 1 T T
L L L — - L I e I s N - — o - —
OO D) Lo I I TR - T W S — — —
— — o o - T =] =
Survival days T
== Dose reduced after 1 year ( #510)
-2 Dose reduced after 1 year ( #910)
== Dose reduced after 100 days ( #110 and 210)
@ Censored ( #15009)

(Muhammad M, et al. Nature Comm 2016)



Distraction of Nuclei
by UV irradiation

v, ;
Mulberry Real ~ Tadpoles Cloned Frog

unfertilized egg Injection Intestinal  Embryo
Cell

.- Reprograming

Va i .
eam Somatic Cell nuclear transplantation

ol

Tadpoles ( Gurdon JB, J Embryo Exp Morphol 1962)



Cloning of Macaque Monkeys by Somatic Cell Nuclear
Transfer
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(Liu Z, et al. Cell https://doi.org/10.1016/j.cell.2018.01.020)
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Production of Colored Pigs
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Bone Marrow Calls
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(Kawarasaki T, et al. 2009) (Matsunari H, et al. 2009)



In the heat of argurnent, Pig as |
for hurman organs

In vivo bloreac

cror

56 o6 o

|
| 1. Check fluorescence

2ILD-HiPSCs 4i-hiPSCs NHSMAIPSCs FAC-hIPSCs
& 4
P 2 - "‘“«-.
= |
9 —» MW" » K \ 4 _Lr — >
ET T‘ Euthanize
zygotes BL injection Pig embryo
(310 cells) Female recipient (Day21-28)

—> | 2. IHC analyses

3. Genomic PCR analyses

(Wu J, et al. Cell 2017)

1. Generation of
autologous IPSCs

r -

4, Transplantation of islets
into diabetic mice _

(Yamaguchi T, et al. Nature2017)

2. Interspecies
blastocyst complementation

3. Remaoval of pancreata
and isolation of islets




A theory ol blastcyst complementation generating
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Experimental Medicine  Transplantation Immunology

Dr. Claude Bernard Sir Peter Medawer
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IMMUNOGENETIC CONSEQUENCES OF
VASCULAR ANASTOMOSES BETWEEN
BOVINE TWINS:

ALMosT Ihirly years have parsed since Lillio? nsed
the demonstrated vonion 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 frecniartio, ss the modified female
is called, bas become an important example of the
effects of hormones on 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 s compared
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 pairs the twins have identical blood types. Idea.
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 blood 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 phenolypic ientity of blood types in
geaetically disaimilur twins. The vasenlar annstomosis
betweon bovine twins, known o be a common ocour.
rence,® provides an explanstion.
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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 produce 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.
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Table 1. TITRES OF IMMUNE AGQLUTININS AGAINST CHICK ERYTHRO-
CYTES IN DUCKS

Parabionts Controls
o® 32t 64, 32
4* 32, 64
8* 258
4, 4 128, 128
4 3g, 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.

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 surviving sixteen days. )

All parabionts have heen tested by agglutination immediately after
hatching with respect to the exchange of erythrorytes.
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‘ACTIVELY ACQUIRED TOLERANCE' OF FOREIGN CELLS
By Dx. 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 these 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 fcectuses 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

Donoras and recipients in these experiments were
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, a test-graft
of skin was transplanted to the recipient from its
original donor. In seven such trials, five grafts
showed prolongation of survival; of these, three
succumbed within fifty days 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).
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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 ] sjes I ; E glets breated
“he. 1. Photomicrographs of biopsies from homografis on pig |
i:béﬂldu{:s geatation with: 4, 4:'untr'01i convt;_ttltéona! a.;ln_::vg)s(.‘fi é‘r;l (113;'2;»1:;;
marrow cell suspension from the skin graft donor ( x 7+5) (¢ g can gl
junc f graff on left and normal skin on right). 4, Conventions a
i;é'ﬁ‘ z‘lrtf;gt‘;d:"piglnt‘ B 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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