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The Factors Affecting Transplanted Hepatocytes Repopulation in Rats
with Liver Fibrosis

Purpose: Cell therapy for various diseases has gained wide acceptance. Because most patients
with chronic liver failure have mild-to-severe liver cirrhosis, there are many limitations to clinical
applications. We analyzed how to increase cell engraftment in rats with liver fibrosis.

Methods: We used analbuminemic SD rats (NARs) as recipients of syngeneic CAG-EGFP SD
hepatocytes obtained by the 2 perfusion method. Hepatic fibrosis was induced with thioacetamide
in drinking water for 6 weeks in the recipient NARs. NARs were pre-treated with gadolinium,
doxorubicin, and gliotoxin before hepatocyte transplantation. We evaluated the degree of cell
engraftment by RT-PCR and immunofluorescent staining for GFP and albumin. The transplanted
cells were detected by immunostaining for albumin, and serum albumin was also measured.
Results: Although detection of GFP by RT-PCR was variable, albumin was detected in all
groups 4 wks after hepatocyte transplantation. GFP and albumin were also detected by
immunofluorescent staining 1 and 4 wks after cell transplantation. In control rats, albumin
production was maximal at 3 wks, and after that it rapidly decreased. In the gadolinium and
doxorubicin-treated group, albumin production was increased up to 4 wks. Albumin production
in the gadolinium-treated group was superior to that of the doxorubicin-treated group.

Conclusion: Kupffer cells play the most important role in cell engraftment in hepatic fibrosis.
Therefore, perturbation of kupffer cells in hepatic fibrosis is needed to increase cell engraftment.

Key Words : Hepatocyte transplantation, Engraftment, Liver fibrosis, Kupffer cell, Analbuminemic
rat (NAR)
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3H7] Y8 342 NAR (Nagase Analbuminemic Rat) (Ja-
Shizuoka, Japan)<, H 7‘]3% HE--S A3}
7| 918 BoPARAE TF $3Y GIPE BHIE CAG-
EGFP SD-Tg Rat (Japan SLC inc,, Shizuoka, Japan)& AR5}
STk, Tl 2 SR B 80~100 ge A4 AZ 7

inc,,

PE ®
P=

3ol 2327 A Aol 2231471 § 150~200g2] HwHS A
Hato] AEs TRkt

sk
uis, USA)E 0.03%9] 5%
Folatairt,

3. 1T

F=317] 93 thioacetamide (Sigma, St, Lo-
Aol AN 7 67 &

OF

OI=2 YMTE X HXK|

7wl fr=E WA (n=15)5 HZ2T(n=3), U2 E(Ku-
pffer cell) # 3] Al (inhibitor)¢] Gadolinium F(n=4), W1t
AN Z(endothelial cell) A& A1 Doxorubicin & (n=4) 2
A2 A| ZE (Stellate cell) A A<l Gliotoxin &7 (n=4)& T+
2stel A4 A, Zzko] ko] HARY, Fof B
2 £} W Table 19} 2t}

M



Table 1., Information of adjuvant & dose for treatment

57F EE WAMoIA O[AlE ZHME M ZAof Hoisk= olxt

Adjuvant Dose (mg/kg) Diluted sol. Inj, type & time Target
Gadolinium 14 D/W i.p. & 24 hrs before Tx, Kupffer cell

Gliotoxin 3 DMSO i.p. & 48 hrs before Tx, Stellate cell
Doxorubicin 10 D/W i.p. & 24 hrs before Tx, Endothelial cell in liver

Table 2., Primer Sequence for PCR analysis

Primer Sequence Size Tm. Cycle

Albumin S 5-ATA CAC CCA GAA AGC ACC TC-3' 305 58 35
A 5-CAG AGT GGA AGG TGA AGG TC-3’

eGFP S 5-GAC GTA AAC GGC CAC AAG TTC-3’ 291 55 35
A 5-GTC GCC CTC GAA CTIT CAC CTC-3’

GAPDH S 5-TCC CTC AAG ATT GTC AGC AA-3’ 300 60 35
A 5-AGA TCC ACA AAC GGA TAC AT-3

4. ZINEEO| B 5. ZIMIIE Of&)

TAEE A7) 918 Fojx A= GFP @ SD ratg 30
W FARE 5
of ¢ whH7} = FF Eske] A3t A
g 21 G vinca needled A#sle F AA #F 7]‘?3(Two—
step perfusion technique)& ©]-§-3ste] FFaFGIct A7
2+ liver perfusion medium (GIBCO, Carlsbad, USA)Q}
liver digest medium solution (GIBCO, Carlsbad, USA)< =}
AR AzAbelA Afshe Wil et A2 EelE A8
slj o AAE WS tha3 2t Perfusion roller pump
o o3t #FA #F & (flow)= Fo A 100 g & 10
mL/min®.2 3k 10~ 124 St AR, AFH e
37°CE FABES

Zro] FEYAM 3t ¥l &
A Hoodol X Zo] &

mg/kg?] zoletil (Virbac, Carros, France)&

e =Ed

do] A7IH kg A7 sk
o] 1= Hepatocyte wash medi-
um (GIBCO, Carlsbad, USA)S o]-§3}e] 7HAEE A &
gait}, Bel" AZE 4°CollM 50 GOl szt
o AAg ¥ dot Sl AEE RPMI
AIFBEIL oEE X S S8 £
(viability)& trypan blue dye exclusion¥
%o Azl o) We] whgo] f=

o FFw7} 85% o]gel Hf-ol o] A}%s}oiu}

T
%

=
e

@

1__
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ZYzZto] k52 AA2 © 7+ 79 NAR (Nagase Analbu-
zoletl2 w3 F #5 5T gFdA 1 em
obefl F-9& st ch. RS Saf vgE Aoz Al
7 e pEd FRANE3 sl R B AR 0.5
) mﬂz Pra]oﬂ(sxlo@ﬁal mﬂzé— f?} & 24 GO F

=

minemic Rat)& =

6. O|ME ML &HP!
OFRT-PCR

Ad

A&
Ao} GFP ¥
albumin]

A o] 2% 7R 7H el dis) 7 F7 < A3
3 o]AF 194 HE FAste] AS
albumind] ™8] RT-PCR A|3¥3t5ew GFP %

Primers Table 29} 7t}

sro1Q

=

U H =l

7. OI&E MES Yot

o]2l¥ 27} 1A YR o7t SA3ke
71 Y1 A GFP¥} albumin &g #F3ICH
el 7-22) @7& s3] 727
do] F& YEA7 T 5 ume A2

1, Vol/vol) SHofA] 1A

A 1087} chloroform-acetone (1 :
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Fig, 1. Immunofluorescence assay, (A) autofluorescence for eGFP, (B) imuunofluoresent staining for albumin with Texas-red, (C)

the merge image. Scale bar: 100 £ m.

3 5 AeoA] 3087 AZAZIY. O T &Elo]=E PBSE
oFstA| vkt dAgct, Glycerol
#9483t} Paraffindl] 93k 722 Al

=

—_

A8k ¥ Hematoxylin®.

2 slide® Y AMRIL 2

Z2g 5 um9 FAE HHSA slideo]| %74 xylene 2
paraffing A A3F & 100%, 75%2] Ethanolo 2 145 ),

3% H0,Z 1087 423k 3 PBS &0 anti-Albumin pri-
golx 225 dAste] 4°Co 2ol
overnight3tt}, PBSE 3¥ $A|8F & PBS §H o] secondary
antibodyS ¥olA 9L 31l thA] PBSE 334 -r*ﬂ?ﬂ";}
DAPIE &g A} —"? cover—slideE =i

;z_]_
(A=Al

2} X1l (Albumin) 2

mary antibody=

AE7} dAsHE X
nager version 3, Olympus, Tokyo, Japan)< AR&-3Fe] 4
(merge)s} Th(Fig. 1).

8. 2|5 BIIE T o0l Xo| B é?g 9! oA
S MEO J|5 HIIE QYT BA LY U201 =X

Y A E o] 2l A, ZHAE o
Aol Feof ne] Felx] Y
incubationdt & 3,000 rpmoi|&

o 4
=

_I_:
r-{m

A (serum)qt —Eri]iﬂ- =
Mol 9 IRRE Sgaect
9. O|AlE ZINZEO| il T2 BEHSE F4
ol 2% THM x| AFE 7t HA¥FE T o 7l dH
X 2RE ol Ne AT i THE(x 100914 7R
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£ 3071 d&ste] SA3 ¥ Aslsitt, o] Aleh 1hA|E ] 2
g GASHA A A ERle] HEEHE Aow 33Tt
(Fig, 2)
E< iy
1. S8 ZIMES| 3T
TAE BEE e 79 7 T F28 71y A
34 gm@al A E Fe T 3o 7] BAE 32 gmQitt. &
28 TAEE 1.86x 10702 7 gm@ 9.3x 10753t} £
AT GYeE 91% ¥ A E o]2o] E¢ H A3 &
T 84%StHFig. 3)
2. ZF 238 albumin S GFPYj| LSt RT-PCR
EE AT o]d T 4Fol|= dRle] o] A
T GFPe] WEe 7 AET 2 JiAlel whet thetst s
Hok(Fig. 4)
3. B By =N

g 2o BE AN o4 A
7} o] F 79As 289 BT Aol Hof IRHS 4
Hsn gl Ae sk, 5
4. OHd|'c ZO| A ! 4010 D}
o|2j3t7] Aol AT W15 WY BE FolA ALTHH
ASTHE} 458 542 nglon] o] g skEz Qg
ol s Aoz 2T ST o)y F 277}
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Fig. 2. Immunohistochemistry staining for albumin on 7 days after transplantation. (A) control, (B) Gadonilium, (C) Doxorubicin,
(D) Gliotoxin, and Brown colored cells-positive for albumin. Scale bar: 100 £ m,

Fig. 3, The cell viability by Trypan Blue staining (A) Pre-cell transplantation, (B) post-cell transplantation,
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T Aol sk A¥E B2y Gadolinium A2 4
doxorubicin ARl M & 0]4] 35 Fof| HlF| 45 Fof] YR
ql AAo] Zrksldtt. 3] Gadolinium #2]ol|A doxoru-
bicin Aol wla) yvle) Ago] B Be A% % 4 3l

Ach(Fig. 7).
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Fig. 4, RT-PCR analysis on 28 days after transplantation.

7 day

Gadolinium

Doxorubicin

Gliotoxin

5. O|&} MIEQJ 2!

17Y 5 o]2d AEe e T dixa 1.4£0.7,
gadolinium * X 1,3%0.4, doxorubicin X7 1,7%0.1,
gliotoxin 2]+ 1,.8%0.37/ Q3L ©]2] 4F & o]2H A E=
ZHE B gadolinium A X 0.6%0.4, doxorubicin A

2 1.8%0.1, gliotoxin #X|% 1.1+0.37] $th(Fig, 9).

i &

ol Aga710] A o4 AT KAz el
£t 0jg B} B A8 2A Fo) Al Ag sl
of Stk B3] Qgeld e BAEL YRR BEUe
FVHI glol BF ol YONE o] £AL B}
gk o8 AT} o] Hof 1 715e SRk o
& ) Slsh LRES AT F YE AEE S8
W 4 2 SR o] 43stel JesHA 2 /)54 B A
Asolrh ARUS AP FRe WNe FRas

Sprague-Dawley (SD)¢l|A]

rlo

Nagase analbuminemic ratd}

28 day

Fig. 5. Immunofluorescence Assay
(Yellow cells are transplanted cells),
(A, C, E) at 7 days after cell trans-
plantation, (B, D, F) at 28 days after
cell transplantation, (A, B) gadolinium
treated, (C, D) Doxorubicin treated,
(E, F) Gliotoxin treated, Scale bar: 100
©m,



oA 9 :
. —— Cont-ALT
190 ] ---- Cont-AST
.......... Gado-ALT
1704 0N oA T Gado-AST
R ---- Doxo-ALT
150 4 — — Doxo-AST
—— Glio-ALT
5' 130 4 — — Glio-AST
1m0+ </ N N
90— .\.\.:\\\ - ‘\‘-~"-"‘~—4._u-
- — =< —~T — —
70 _;_;><;::i“_\‘ - -
50 : - — ' '
0 1 2 3 4
Wks

Fig. 6. The changes of liver enzymes after perturbation and
after hepatocyte transplantation,
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Fig. 7. The changes of serum albumin level at 3 wks and 4
wks after hepatocyte transplantation,
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Fig. 8. The numbers of engrafted cells at 7 days and 28 days
after cell transplantation,
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QYTHFig. 5). David 59 ATFE AuEm* NARS] &7l
I A= 0.025£0.005 mg/mLo]aL SDO FIAE= 30£5
mg/mLE o]A% 3Fo SAe FH GHY HAPY 2T
26 mg/mL, gadolinium # X 25,8 mg/mL, doxorubicin *]
AT 25.3 mg/mL, gliotoxin A X 25,5 mg/mLE °]24]H
WAFI 7 AR BE SRRE AR AS % 5
. 7% AAVS oA §F 3FHH taLaAT) QHstEe
o}(Fig. 6) L ]—?E o] F4&

=z
T

@%z.] A}

==
Agrol glojx &
et o] 4%

28 £ uj gadolinium%

el

A

o ol
o4l
o

(
)

vl

o}
= R

TREE R
doxorubicin T > gliotoxin T > T 279
upffer A|ZE AL Ao| THEF3) A= FlM=
W ol 2718 o|4 AT AAE Y FAF &
2 zran.”
e Atele
A3kol

[ex

<

£ o o Ay m
v il

oM

Bl

Mool 2 o hu /i o g
=

4o oo o

e
[T S i R )

lo i o

N
-

ro,

|o
Y,
o -

2 0 g

ki

O

B b
BN

ol iy, o8

111
o
<
rr
>}L
o

oX
Yo o
=2
>
b
e/

o fo % 2
o
N
ol
B
2 g0
[
8]

o.x.’,_@

F::: it
B2y
17
4

f He
>,
e

m?"vl‘:iéml'ﬂi
o
&

fo
patk
|o
frl
§9
i,
il

X
(=]

El

1. Korean Statistical Information Service. The statistical Results
of causes of death in 2008,

2. Jeong SH. Current status and vaccine indication for hepatitis
A virus infection in Korea, Korean ] Gastroenterol 2008,51°
331-337,

3. Gotthardt D, Riediger C, Weiss KH, et al. Fulminant hepatic
failure: etiology and indications for liver transplantation,
Nephrol Dial Transplant 2007,22(Suppl 8):viii5-8

4, Lidofsky SD. Liver transplantation for fulminant hepatic fai-
lure, Gastroenterol Clin North Am 1993;22:257-269),

5. Starzl TE, Demetris AJ, Van Thiel D, Liver transplantation (2),
N Engl J Med 1989,321:1092-109,

6. Lo CM, Fan ST, Liu CL, Chan SC, Wong ]. The role and
limitation of living donor liver transplantation for hepato-
cellular carcinoma, Liver Transpl 2004,10:440-447

7. Lee SG, Hwang S, Kim KH, et al. Toward 300 liver trans-
plants a year, Surg Today 2009;39:367-373.

8. Grossman M, Raper SE, Kozarsky K, et al. Successful ex vivo

196

10.

11.

12,

13.

14,

15,

16,

17.

18.

19.

20,

21

22,

23,

24,

gene therapy directed to liver in a patient with familial
hypercholesterolaemia, Nat Genet 1994,6:335-341.

. Bilir BM, Guinette D, Karrer F, et al. Hepatocyte transplan-

tation in acute liver failure, Liver Transpl 2000,6:32-40,
Pietrosi G, Vizzini GB, Gruttadauria S, Gridelli B, Clinical
applications of hepatocyte transplantation, World J Gastroen-
terol 2009;15:2074-2077.

Kakinuma S, Tanaka Y, Chinzei R, et al, Human umbilical
cord blood as a source of transplantable hepatic progenitor
cells, Stem Cells 2003,21:217-227,

Sakaida 1. Autologous bone marrow cell infusion therapy for
liver cirthosis, J Gastroenterol Hepatol 2008,23:1349-1353,
Gupta S, Bhargava KK, Novikoff PM. Mechanisms of cell
engrafiment during liver repopulation with hepatocyte trans-
plantation, Semin Liver Dis 1999;19:15-26,

Gupta S, Rajvanshi P, Malhi H, et al. Cell transplantation
causes loss of gap junctions and activates GGT expression
permanently in host liver, Am J Physiol Gastrointest Liver
Physiol 2000,279:G815-826,

Kim KS, Joseph B, Inada M, Gupta S. Regulation of hepa-
tocyte engrafiment and proliferation after cytotoxic drug-indu-
ced perturbation of the rat liver, Transplantation 2005,80:653-
659,

Kobayashi N, Ito M, Nakamura J, et al. Hepatocyte trans-
plantation in rats with decompensated cirrhosis, Hepatology
2000;31:851-857,

Wu YM, Gupta S. Hepatic preconditioning for transplanted
cell engraftment and proliferation, Methods Mol Biol 2009
481:107-116.

Nagase S, Shimamune K, Shumiya S. Albumin-deficient rat
mutant, Science 1979;205:590-591.

Shumiya S, Nagase S. Establishment and characteristics of
three analbuminemic congenic strains of rats, Jikken Do-
butsu 1986,35:409-416,

Gupta S, Rajvanshi P, Lee CD. Integration of transplanted
hepatocytes into host liver plates demonstrated with dipe-
ptidyl peptidase IV-deficient rats, Proc Natl Acad Sci USA
1995,92:5860-5864,

Cui FJ, Choi SB, Cho JA, et al. The development of an
efficient rat hepatic cirrhosis model, Korean ] Hepatobiliary
Pancreat Surg 2007,11:46-52,

David P, Alexandre E, Chenard-Neu MP, Wolf P, Jaeck D,
Richert L. Failure of liver cirrhosis induction by thioacetamide
in nagase analbuminaemic rats, Lab Anim 2002,36:158-164,
Slehria S, Rajvanshi P, Ito Y, et al. Hepatic sinusoidal
vasodilators improve transplanted cell engraftment and amel-
iorate microcirculatory perturbations in the liver, Hepatology
2002,35:1320-1328,

Lesage G, Glaser SS, Gubba S, et al. Regrowth of the rat
biliary tree afier 70% partial hepatectomy is coupled to
increased secretin-induced ductal secretion, Gastroenterology



20,

27,

1996;:111:1633-1644

. Guha C, Deb NJ, Sappal BS, Ghosh SS, Roy-Chowdhury N,

Roy-Chowdhury J. Amplification of engrafied hepatocytes by
preparative manipulation of the host liver, Artif Organs 2001;
25:522-528,

Kumaran V, Joseph B, Benten D, Gupta S. Integrin and
extracellular matrix interactions regulate engraftment of trans-
planted hepatocytes in the rat liver, Gastroenterology 2005;
129:1643-1653,

Joseph B, Malhi H, Bhargava KK, Palestro CJ, McCuskey RS,
Gupta S. Kupffer cells participate in early clearance of syn-
geneic hepatocytes transplanted in the rat liver, Gastroen-

23

28,

29

30.

b sl WAMOIA ofAlE ZHME Zdnt SAlof Bofsts oIx}

terology 2002,123:1677-1685,

Benten D, Kumaran V, Joseph B, et al. Hepatocyte trans-
plantation activates hepatic stellate cells with beneficial
modulation of cell engrafiment in the rat, Hepatology 2005;
42:1072-1081.

Oren R, Dabeva MD, Petkov PM, Hurston E, Laconi E,
Shaftitz DA, Restoration of serum albumin levels in nagase
analbuminemic rats by hepatocyte transplantation, Hepa-
tology 1999,29:75-81,

Lee KW, Lee JH, Shin SW, et al. Hepatocyte transplantation
for glycogen storage disease type Ib, Cell Transplant 2007;
16:629-637,

197



