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Morphological Study on Differentiation of Hepatocytic Stem Cell by
Intrasplenic Transplantation after Partial Hepatectomy
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Abstract

This study was performed to evaluate regenerative effects of intrasplenic stem cell transplantation after partial
hepatectomy. To evaluate the regenerative effects, Sprague Dawley rats were used. In vivo the embryonic stem
cells of blastocysts were collected from superovulated rats on day 3.5 after the vaginal plug checked. The
embryonic stem cells were cocuttured with hepatocytes for 8 days, they were transplanted into the spleen. After
the intrasplenic transplantation of cultured stem cells, they were initially distributed near the periarterial lymphatic
sheath after transplantation in the hematoxylin-eosin staining. Their number were formely increased and their size
enlarged at forming small lobules. The embryonic stem cells in the culture proliferated and initially proliferated
around the periarterial lymphatic sheath and later they around the trabecula with blood vessels. After the
transplantation of stem cells, their cell organelles were well developed rough endoplasmic reticulum at the 20th
with prominent epidermal growth factor reaction, developed smooth endoplasmic reticulum at the 30th day, well
differentiated bile canaliculi with increased transforming growth factor-B and apoptosis reactions.
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Photograph of collected blastocyst.

Photograph of culture 3 day embryonic stem cells.

Photograph of coculture 8 day embryonic stem cells with cultured hepatocytes.

Stereomicroscopic photograph of splenic cross-sections of the 20th day after intrasplenic transplantation by partial
hepatectomy rat. X 100.

Stereomicroscopic photograph of splenic cross-sections of the 40th day after intrasplenic transplantation by partial
hepatectomy rat. X 100.

Stereomicroscopic photograph of splenic cross-sections of the 80th day after intrasplenic transplantation by partial
hepatectomy rat. X 100.

Toluidine blue staining of the 10th day after intrasplenic transplantation by partial hepatectomy rat. X 400.
Toluidine blue staining of the 30th day after intrasplenic transplantation by partial hepatectomy rat. X 400.
Toluidine blue staining of the 80th day after intrasplenic transplantation by partial hepatectomy rat. X 400.

. Electron microscopic photograph of the 6th day hepatic stem cells by hepatocyte coculture. X 5000.
. Electron microscopic photograph of the 8th day hepatic stem cells by hepatocyte coculture. X 5000.
. Electron microscopic photograph of the 10th day hepatic stem cells after intrasplenic transplantation by partial

hepatectomy rat. X 5000.
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20.
21.
22,

24,

hepatectomy rat. X 5000.
hepatectomy rat. X 5000.
hepatectomy rat. X 5000.

hepatectomy rat. X 5000.

. Immunohistochemical staining

hepatectomy rat. X 400.

. Immunohistochemical staining

hepatectomy rat. X 400.
Immunohistochemical staining
hepatectomy rat. X 400.
Immunohistochemical staining
hepatectomy rat. X 400.
Immunohistochemical staining
hepatectomy rat. X 400.

. Electron microscopic photograph of the
. Electron microscopic photograph of the
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30th dav hepatic stem cells after intrasplenic transplantation by partial

40th dav hepatic stem cells after intrasplenic transplantation by partial
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. Electron microscopic photograph of the 80th dav
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hepatic stem cells after intrasplenic transplantation by partial

the 20th day
the 40th day
the 20th day
the 30th day
the 80th day

after intrasplenic transplantation
after intrasplenic transplantation
after intrasplenic transplantation
after intrasplenic transplantation

after intrasplenic transplantation

Immunohistochemical staining of the apoptosis of the 20th day after intrasplenic transplantation by

hepatectomy rat. X 400.
hepatectomy rat. X 400.

. Immunohistochemical staining of the apoptosis of the 40th day after intrasplenic transplantation by

Immunohistochemical staining of the apoptosis of the 80th day after intrasplenic transplantation by

hepatectomy rat. X 400.

partial
partial
partial
partial
partial
partial
partial

partial

Vol. 12. No. 3 (2002. 6) / 301



U E - o

T 9l Sle gxyRg
4F o) F3ig FEN

A 2atad, o] 4 40%} 01]% 23 7 E e Fhy
HHE vEd Aﬂ
2 gy uhg ‘iFM

i AE 7| &
ol Althul o] 7Hsdt A RE
E3}sle vz A (pluripotency) g A4
g FEAN MASIINELE L
3 Hdde Ak A &ake
oA ATH16,18,28].
Z7IAEY 27) AR AN B 5 Qe wjAAY 3
= 7 XY s £& oo, AFAA HZol
HAY 27 SR E AN BAE F Acke
71490 A7AEE S&HL UTH20] F, o]E v
A 7] wztet Ao FARE 729 £3l5o] UM A
A 249l AN fo) BE 2H0 FUAA oY
T UTH22L T3 AlE# wdoli® Bas 2age #

2 9516, o1
thob Qo) wiy
gAl2 B wdo Y

Ao M= dazt Fujg
EHEYlE B F 67t siYStEAM wizA A
A& iﬁib} Zt xS 543 Resg §A317] A
HofstAnh 27] Wi £ ojejgt Fdhs} &
A& }_@(Compachon) olg} &e=t, 3 E3lz79 wiAt
HEo A FReT st o9 Hyse] Hlxu 2

= TGFE 918 =840l 4 TCF abA integrin subunit
9 3 ??’]_oﬂ s MEZ} FAHAGT dHA Y29 1Y
dHAME 2 27142 EEe tgsAdo]l fAE &
£ 1]'5?"\] 717] At wjAA A4S ZaA she duE
29l collagenaseZ 2jste] 7t N E S He) w3ty
T A Hag N2 AFH FIE 453
of W2 wjge AT FujdstAh
E37F Bd AT E HIAY el o agh Aol

N
}L

~,
o
ol
-

°
=}

302 / A4 aets]A]

S EER T

7+S BB A4S F H- thymidineS W&A17] 714
AUz o]datdd v AL 157U A3
=3 AEF o] dojubA gkotrkar gl sk, of
7t o] m-albumin-RNAE 43| Z42HUT =,
o)A Al Z7]e] HAE ] FHAF doju F
HAHE RS HsllAe a7t gle BRiolgt &
ATH4,9].
W AFE 7] A E 9] o] 2o
A& 7| H A9} o] A 4 9l
S AFAHoRE Adsty] Ysix
WA EHste ATHNER fg}go}o]: FHoH7). v A=)
A x e 74]EH A EEE IR AL A2 F2ARIA o,

dx ol P
B o

=3
o3 o

o H{r
%

R

EH?'? W °l*‘°ﬂ Hag

=
ﬁlfﬁzﬂol ““}E %]01‘%1] gorz Jdagh o A=<l
g Arbste A
2 AYoA e
4 59 PAES FEAFIROT, 014
7‘10}7] Ho}q TR AAES Adatdch 2389 Ao
]7“4 AAO R HF o4 T 2095 H
A3tH L 30l THHEY 715
T A& ARE F3HAT Yoyt 40dde HAE
"}"loﬂ gAl BT 2L o] FAHUT 80l MEA
F AHRA, FAWAEe] Bl dxstdh 2,
9] 01‘3 AFAAE o Frhstofol T £ #37h 5
A 98 7] A AGAAE AT FOEZMN 2F W3
Jbol & Aol
w3}, 2 A8 o)A o)Al
A3t AW uh F5hEel o] A
FHo 29s A&t F2s)
FA o)Atk
wjolE 7| ML 9] Falso 43S F= cytokine B 7|E}
FE4A ALEAL B3l A<l LIF(leukemia inhibitory
factor)7} lom[24], TGF= #3}oj4 F&o] gle ZHog
G A drH2e] g vlEstE VARV RIS A&
Aoz §A387] flalMe AEIY HAL 4% STA
o] YAAQI ko] AT HES st AR HuH| 9]
th23]. 22y, thEsks S Ad ME7E oFA E8hE o]
ZhEAd tig gL o] HY 3

:L
i
il
lo
Shd
jgt
)
a4 2
e
>
U
N
X
1

[

o?.:
r 2
—\—‘



e dAls § HAy o4 g ¥3 271429 ¥ B9 ey A7

87N sl paate) Folg BAGAT K5 28 A QT ol oja Z7IHMES Baigh 340 o 7]
Qs HE 43289 o] B8 + Ak 2 2093} NAFAA TS FA3t] o A7l BHo] F
AAES Wgol e AuHoE FUAZ AP & AL} W0 o F FAER S Bash BEol0] Hols
N Boh Qohe Ao wEdel QAT MM o $40) 249 Ao FEY & AT
TR A&Ho WE 34 FAGE L olH oo 49 A 84 AV AAIN BE F g
B FSlE Sloh AES e AYS dstel 143 o pasEel d7d 48 4 den[l0] o) A7E
E Yo7l #F v o) HH M ES TAE AFES elo 2 FANIA WY HEse HT FEEL e W
(hepatic stimulatory substances, HSS)g Foslo] &4 Ao AEold XE Sdx AL £ Qs 7|2E npd
SES9oW, 125 13ske) 45 g HSSY 45E g 2 aow,q

H7b HRHe A5 WHO10). 2, TR we Ao HAEINAE = HAE A s &
AS A e AFdhe ol Ak B3FAl Al EAfo] e FHigeted AT 2348 5 e 58S FUF wet
Foargo] gojsty] Mo & AN WiFHe I gz g3y ojAAdr e e HLdld VTS
Alzst E71MEe] FFFS APera, ol 43 Aol BASE AE2 B3 $5A7) & Aol x50 &4

DR AAES Aldste 71419 F olegdhs JdE Z2A HAh 53] wASTIHEE

o‘\ N
e

Hr:
fob,
il
Ho
5
2
o
).

2 AP et 23 8 Fo A x3 E3rt A B =20] 1537 BB B4 TR Ry
= e dAdnd F2AA &9+ ddo HEE dW 1 Lo A¥oz ol zyg=s A9 o]AL 9
AAE AW F el ol HH Mg 27HEY BEAM g gz 33 A H2Y 4 JA B} o yF T8
T Estet 42 ASH 294 L HE Y T o daq Mz AT S, 2B glojA el Hat
158 H2AEE #ES ¢ AUT W o4 2710 24 g3 Eolye Ay, A AD 4% Sof et AP
THAES E71ES wE2A SF45900, 1 $of Ajx 7} o2 Bura| o]2olgol & Aolrh
277} AR o] Sl §F AN 2UE FH
o ols stz Y HEde g3E ATEG g5 v Q o
w3hd AZ7F Solgo g AEH o ojdd F74E
of F2o] 19 Ao FEY 3o, o= TCF % HFAM RE dAE F 830 WAE7HEE o4
EGF whg-9] #gtel A 42 & il sto] WA E M E THER —ri}ﬁ}ﬂ 71z 2AA
of4 F Lo zHste] Aio] He TGF whee wAddA TARZY 75 728 FAS=AE 24
of4 79l vk WHES UGl oY 3 e dglen xR AY ﬁPJrOll 1Ae 9%E 24
o[ 4 409 Fell= F3 TGF whg-9] F715 vehfigl e g 2 28 SA v AlZ o)A wiAE 7
80U7HA A& A dUTh ol RF ENAEY 4 HEE oAt Agde TAFARLE A A
L9 wls TGFE A8 847 slon oje] wdo of 2 #7F 94 FrhetE 55 FH AgHLR BoA
7k A e 23l S4%e g2 A 27t Folehd A HEe) 2717 AR AU &7)de] Bde of4 3209
HE 5 7te] 8o g TGF Bukso] 218t Zog 4 o 714 AA S daS Hojn olm) EGFY) ¥ 71 A
ZHeith e, 809 ol Fellw Hshyl 271X 248 sk o] F 40U0] HW AT AW 27T we] 7t
boll A £23AHE AT BE Aes Ardr NEY 750 7158 Ax 2 BaEgon TGF #hgolu
EGF= R g 718844 21719 7+ 71240 &4 apoptosis ¥H¢-& Z7stgh
Az Eatot T4 710l 2 # slok o4 ¥ ECGF W
S vland o4 27)9) 2093 309 el A FA WSS %188

I AZ7F e dstgon 0d9Ads FHe A
F7} 7HAske] 80U A E g R A ZoA wHgo] e} 1. Bilir, B. M., D. Guinette, F. Karrer, D. A. Kumpe, J.

Vol. 12. No. 3 (2002. 6) / 303



10.

11.

12.

BAE - MFT 19 g

Krysl and ]. Stephens. 2000. Hepatocyte transplantation
in acute liver failure. Liver Transpl. 6(1), 32-40.

. Borel-Rinkes, 1. H., A. Bijma, G. Kazemier, M. Sin-

aasappel, D. Valerio and O. T. Terpstra. 1994. Prolif-
erative response of hepatocytes transplanted into
spleen or solid support. |. Surg. Res. 56(5), 417-423.

. Calise, F., E. Di-Florio, A. Mancini, E. Mezza, R. Di-

Minno and A. Ceriello. 1997. Intrasplenic hepatocyte
transplantation in the pig: new technical aspects.
Transplant. Proc. 29(4), 1999-2001.

. Chen, L, G. ]J. Davis, D. W. Crabb and L. Lumeng.

1994. Intrasplenic transplantation of isolated periportal
and perivenous hepatocytes as a long-term system for
study of liver-specific gene expression. Hepatology 19(4),
989-998.

. David, P, E. Alexandre, M. Audet, M. P. Chenard-Neu,

P. Wolf and D. Jaeck. 2001. Engraftment and albumin
production of intrasplenically transplanted rat hepa-
tocytes (Sprague-Dawley), freshly isolated versus
cryopreserved, into Nagase analbuminemic rats(NAR).
Cell Transplant. 10(1), 67-80.

. Dunn, T. B, N. H. Kumins, V. Raofi, D. M. Holman,

M. Mihalov and J. Blanchard. 2000. Multiple intrasplenic
hepatocyte transplantations in the dalmatian dog. Sur-
gery 127(2), 193-199.

. Gearhart, ]. 1998. New potential for human embryonic

stem cells. Science 282, 1061-1062.

. Gupta, S, P. R. Yerneni, R. P. Vemuru, C. D. Lee, E.

L. Yellin and K. K. Bhargava. 1993. Studies on the
safety of intrasplenic hepatocyte transplantation: rele-
vance to ex vivo gene therapy and liver repopulation
in acute hepatic failure. Hum. Gene Ther. 3, 249-257.

. Henne-Bruns, D., F. O. Ambrass, P. Schmiegelow, M.

Hohne, D. Paul and B. Kremer. 1989. Intrasplenic
hepatocyte transplantation: evaluation of DNA syn-
thesis and proliferation in auxiliary transplanted cells.
Res. Exp. Med.(Berl) 189(4), 295-302.

Jiang, B., S. Kasai, M. Sawa, S. Hirai, T. Yamamoto
and H. Ebata. 1993. Beneficial effect of hepatic sti-
mulatory substances on the survival of intrasplenically
transplanted hepatocytes. Cell Transplant. 2(4), 325-329.
Keller, G. M. 1995. In vitro Differentiation of em-
bryonic stem cells. Curr. Opin. Cell Biol. 7, 862-869.
Kobayashi, N., T. Fujiwara, K. A. Westerman, Y.
Inoue, M. Sakaguchi and H. Noguchi. 2000. Preven-
tion of acute liver failure in rats with reversibly
immortalized human hepatocytes. Science 287, 1258-

304 / st A

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1262.

Kobayashi, N., M. Miyazaki, K. Fukaya, Y. Inoue, M.
Sakaguchi and H. Noguchi H. 2000. Treatment of
surgically induced acute liver failure with trans-
plantation of highly differentiated immortalized human
hepatocytes. Cell Transplant. 9(5), 733-735.

Kobayashi, N., M. Miyazaki, K. Fukaya, Y. Inoue, M.
Sakaguchi and T. Uemura. 2000. Transplantation of
highly differentiated immortalized human hepatocytes
to treat acute liver failure. Transplantation 69(2), 202-
207.

Kokudo, N., I. Otsu, T. Okazaki, S. Takahashi, K.
Sanjo and Y. Adachi. 1995. Long-term effects of
intrasplenically transplanted adult hepatocytes and
fetal liver in hyperbilirubinemic Gunn rats. Transpl.
Int. 8(4), 262-267.

Martin, G. R. 1981. Isolation of pluripotent cell line
from early mouse embryos cultured in medium
conditioned by teratocarcinoma cells. Proc. Natl. Acad.
Sci. USA 78, 7634-7638.

Matsusaka, S., A. Toyosaka, K. Nakasho, T. Tsujimura,
A. Sugihara and T. Takanashi. 2000. The role of oval
cells in rat hepatocyte transplantation. Transplantation
70(3), 441-446.

McDonald, J. W, X. Z. Liu, Y. Qu, S. Liu. 5. K. Mickey
and D. Turetsky. 1999. Transplanted embryonic stem
cells survive, differentiate and promote recovery in
injured rat spinal cord. Nat. Med. 5(12), 1410-1412.
O'shea, K. 5. 1999. Embryonic stem cell models of
development. Anat. Rec. 257, 32-41.

Pedersen, R. A. 1994. Studies of in vitro differentiation
with embryonic stem cells. Reprod. Fertil. Dev. 6, 543-
552.

Perentesis, J., T. E. DeFor, J. P. Neglia, E. Katsanis and
N. K. Ramsay. 1999. Successful autologous stem cell
transplantation for high-risk pediatric solid tumors.
ASCO Proceedings 18, 159.

Rathjen, P. D,, J. Lake and L. M. Whyatt. 1998. Prop-
erties and uses of embryonic stem cells; prospects for
application to human biology and gene therapy.
Reprod. Fertil. Dev. 10, 31-47.

Raz, R, C. K. Lee, L. A. Cannizzaro, P. d’Eustachio
and D. E. Levy. 1999. Essential role of STAT3 for
embryonic stem cell pluripotency. Proc. Natl. Acad. Sci.
USA 96(6), 2846-2851.

Shim, H., A. Gutierrez-Adam and L. R. Chen. 1997.
Isolation of pluripotent stem cells from cultured



25.

26.

H8E AANE T

porcine primordial germ cells. Biol. Reprod. 57, 1089-
1095.

Solter, D and J. Gearhart. Putting stem cells to work.
Science 283, 1468-1470.

Sparks, R. L. and R. E. Scott. 1986. Transforming
growth factor type beta is a specific inhibitor of 313
T mesenchymal stem cell differentiation. Exp. Cell Res.
165(2), 345-352.

27. Thomson, ]. A, J. Itskovitz-Elder, S. S. Shapiro, M. A.

Waknitz, ]. J. Swiergiel and V. S. Marshalll. 199§
Embrvonic stem cell lines derived from human

rwfy

29.

ZEECEE RIS R L

A7

blastocysts. Science 282, 1145-1147.

. Thomson, |. A, K Kalishman, T. G. Golos, M.

Durning, C. P. Harris and R. A. Becker. 1995. Isolation
of a primate embryonic stem cell line. Proc. Natl. Acad.
Sci. USA 92, 7844-7848.

Thorsteinsdottir, S., B. A. Roelen, M. ]. Goumans, D.
W. Oostwaard, A. C. Gaspar and C. L. Mummery.
1999. Expression of the a6A integrin splice variant in
developing mouse embryonic stem cell aggregates and
correlation with cardic muscle differentiation. Differ-
entiation 64, 173-184.

{Received April 18, 2002; Accepted May 29, 2002)

Vol.12. No. 3 (2002. 6) / 305



