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Role of Stem Cell Factor on the Recruitment of Mast Cells in the
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Mast cells (MCs) have been implicated in the pathogenesis of tissue fibrosis. However, the role of MC in
the development of liver fibrosis has not been fully elucidated. Stem cell factor (SCF) is known to recruit
MCs to the liver following injury as it induces mast cell proliferation, survival and differentiation from
resident tissue precursors. This study examines the interaction between activated hepatic stellate cells (HSCs)
and MCs in rat fibrotic liver, and SCF production by HSCs during culture in vitro. Rats were studied 4, 7,
14 and 21 days after bile duct ligation (BDL). Fibrogenesis was assessed by a measurement of collagen
stained with sirius red F3B. Activated HSCs and MCs were identified by a-smooth muscle actin (a-SMA)
immunohistochemical and alcian blue staining and measured by a computerized image analysis system. SCF
production was determined in rat HSC cultures using Western blotting. Mild fibrotic changes were noted in
BDL rat livers as early as 4 days after induction of cholestasis. Significant expansion and organization of
fibrous tissue has occurred in day 14 BDL rats which progressed to bridging fibrosis by day 21. In BDL
rats, both a large number of activated HSCs and MCs were detected in portal tracts and fibrous septa. Both
area of activated HSCs infiltration and density of MCs were significantly higher in all BDL group compared
with Shams. In BDL rats, both areas of activated HSCs infiltration and density of MCs were no significant
difference between day 4 and 7 and were significantly higher in day 14. However, the areas of activated
HSCs infiltration were significantly lesser in day 21 and the densities of MCs were significantly higher in
day 21 compared with dayl4 BDL. In BDL rats, both areas of activated HSCs infiltration and density of
MCs were highly correlated with areas of fibrosis. Western blotting showed that SCF protein was consistently
produced in activated HSCs by culture on plastic and freshly isolated HSCs expressed relatively little 30kD
SCF compared to late primary culture activated HSCs (day 14) and passaged HSCs. These results suggest
that HSCs activated in vitro produce SCF, and may play an important role in recruiting mast cells to the liver
during injury and fibrosis.
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HIgHA| 2] F7teh EHlEe Tket 249 AhF
LAl Fa3 A4S sk Ao deA Utk BIvkAl
Fo] F218 Aol A HA-RF(Pesci 5, 1993), A4
ol 5, 1993) ¢ YA GF5AEHESY A 1t
2k (Nakamura &, 1991)ell4 Kl o] 3lom, FHE A
23 o8] RS A E BIvA| 7} STlskE A
He] FETHRIoux 5, 1996 ). TS 7F Z A BITHA
wdd A& welet wie fFofg Aol Al
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In vitro AoA HITAZE=E A HFFAS5(pro-
fibrogenic activity)S 717 S7/lE2 9] FH3 dHo=

A, 2 %A
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F-Ro A AEZe]7]%
S Z2R37)% gtk 1 o Z tryptase9} histamine-&
DAE BY R0 Bl olgt wYA e 3
ZR89 2 H(Rouss 5, 1991; Cairnse} Walls,
, TGF- leJr TNF-a= S 2AHZA 18 ngA 3t
© 2 X33l tHGordons} Galli, 1994)

d(extracellular matrix)<]
[e)

A7 4 dd Z 53] 18 wdd
2 ZF o] %ﬂﬂ* Aol E74olH, Disse ol U= 7+
24X E (hepatic stellate cells)ol] 13+ 749_i a4 A ATk
(Rojkind &, 1974). A3 ELE A4 ko] A Fa
dEEo] slom AxAdele HE A & F5SHA X
ghetar olofﬂ AwFo] AE7|A s ddsitt 1

v 3 &3 F AR SAEE HIERD AZE AL
22| 3L BAIEZ} AR A3 7143734 X (activated
hepatic stellate cell)Z FZAE =] a
actin(@a-SMA)°] &&= 18, 111E, IVE 2 fibronectin
o] WALS Z7AIZITH(McGee$} Patrick, 1972; Gressner,
1996).

33 stem cell factor(SCF)= 47 =A X
2 FF AZEFYH AP vivAlE
At HIRRAIE O] A 315 23 (Nilsson
1994), HITHAIE HFAE9 o]F B Y& H& e
nds BT 2] FAS Xk, BT 2 RE Z
H FNEAY #ME %Efztm de A ATHGalli
1994). X3k human mast cell line (HMC-1)& A}-8-3F in
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2 ZAE It (Yamamoto 5, 2001).

NAY HfE Bl HluHﬂEﬂ SELE
Belslol Agol e o AN o
RHAES] B9 710l SCFe) < ol mf; 277t %
3] olFold 917 &

dE B ATE S 28] 8 HEEE Bl
A w9 PHE FESE Aow izl L)
HIREAI 9] B, T18]al SCF EHIA|EZ 9} BTz 9]
Z7hol We SCF #ul PP EAkste] HIUAE B4
o HAE screl BANS Tl sla) Amsiect

I =2 ¥ uhy
1. daise

A5 250-350g Hel(6-85%)e) 7% Sprague-
Dawley =71 33 40v}2]E F9ste] £F AIE9 &5
AFEA SFSHA 19 ~ 22T 9 50% F = A3}
12X 7F B 7|2 We 2A-E 4 EWA|
A AN Th A3l AMRE e 55
8ted T4~ (Queensland Institute of Medical Research) 2]
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2. Bk AE

dovte]e] HE 20vie]¥ E@ AFT(bile duct
ligation group; BDL )3} Shamw*2.& 9] ketamine
hydrochloride(100mg/kg) £} xylazine hydrochloride (20mg/
kg) EFH = BAS T8t FAste] v skio. BDL
T ﬂH B JZ Ao A 3em Zo|2 Arjste] H
AR FEHTY EAFe 7 AR
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2 g WgzAsiety dxs 9l 247 10% Neutral
buffered formalin, Carnoy ¢ 3 Zamboni<(Zamboni<}
Demartino, 1967)° 117g3}$3th

1) 3353 944
10% neutral buffered formalin®} Carnoy <ol 3
x2e gt Zajste] 4gum FAR 3] A&5H
A=pste] Apd@lel] Sujeta, s AG dA ol T
% hematoxylin-eosin 4, 2 gA ol HFS £} Srius
HITEA| 2 9] 548 9]3) alcian blue 41&
St th. Sirius red<} alcian blue 94 Z}4-& 7HeF3] QoF
s o2 2o} Sirius red 942 $130 Lopez-De Leon
9} Rojkind(1985)¢] S ot At HHLE 0.1%
fast green(saturated picric acidol] £-3)ol] 3%, 0.1% sirius
red F3B-&<l(saturated picric acidol] &-3f)ol] 1417+ 2%t
% 5% acetic acidol] 23] AHeta 25, B 2 B3
St} Alcian blue 942 $]3l41= Enerback(1966)<]
F 743} 1% alcian blue 8GX(0.7N HClol|
¥ako 2 pH 0302 ZA)d $7 3087 o
0.7N HClol| 5%37F M43t & nuclear fast red
Ho g 2087 @At FxEol AT ¥ g,
E13}3le] histochoice® B3ttt Sirius red F3B,
fast green, alcian blue 8GX 2 nuclear fast red<=
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THEAIEZ(a-SMA - FdA )< 130
Zamboni Aol G H TFEAS 4um FA L] AAHS A=}t
3}od SuperFrost® Plus slide(menzel-glaser, Germany)®l
%ﬂiSﬂﬁqﬁﬂﬂEﬂéﬂ%H%%ﬂﬂéﬂﬂ“‘
Aol ok, s ALL R Lol PR T

A e
u2s

= 22 _l
2435 Q4 At 1 Y s ot
ARG A F 20 WA JasEs) $4E A

3171 915 3% hydrogen peroxide = "E‘ioﬂf\i 587+ ?ﬁr
L1701 3, tris buffer saline(TBS)2.2 A& 3 t}2 H

o]Z W3S A3lz] 913 normal rabbit serum(Sigma,
St. Louis, Mo, USA)Z TBSdl| 1:59] Hl-& & 3]Alsle] A
2oA 2083 ZEAIFAT olo] dAF FAE mouse
anti-human a-SMA(Dako, A/S; Grostrup, Denmark)E
1:4000.2 3]4}ste] Ao 307 ZH-A17] T3 TBS
2 A3 At o]z FAE  biotinylated rabbit
anti-mouse immunoglobulin(Dako, A/S; Grostrup, Den-
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mark)S 1:4000.& 3]4ste] A2oA 30&3 2841
& streptavidin HRP detection system(Dako, A/S; Gro-
strup, Denmark)2 4204 30&7F 2H8AZHY. 1 &
Sigma Fast™ 3,3-DAB tablet kit(Sigma, St. Louis, Mo,
USA)Z A2ol4 1623+ EAA17]
o2 hxdMst g

EL s

% Gill's hematoxylin
A histochoiceZ &

o

=

E

SN
Tl T

3) 3 &4
R e cCD 7hH|2K(Thosiba U-CMAD -2, Japan)
7} B¢ #n| 7(Olymphus BX 50, Olymphus Optical
Lts,. Japan)@} 4] A ESJQl Image-Pro Plus ver
3.01(Media Cyberbetics Inc., USA)S Al83te =434
t}. Sirius red @A EE I} a-SMA %%ﬂ?é*ﬁhip— 5u}g]
AH xHoA o2 FL3 10 AoKH 7
A4 50 AlohE AEste] 10081l S-S Q%’E}%{ﬂ,
HAEE-2 20080l 4] 91 2

| = Sy ERE R iy Wy

alcian blue

AokE AdEiste] M-S g5ste] A AsAth
A sirius red$} a-SMA HAGAEE | spfo

B 1mm* 3 2pA8ks Afrst AT a-SMA A A (g

B AT R WA 491 (%) FIAL,

alcian blue GMFEE ] 3o ZREE 1mm*Y BT
T P AE FE 73 “—JE x4
4. ZMMAMZ B2 2 ey

SCFel Walg 17 §j3) A2NE PATE #
glsto] wi ’E}Siiﬂr I HALS 7] Qoksbd, Ramm
(1998)¢] ol wet FRdZ AHE TL AT
4009 °] *91 54‘4% 2o WHoZ npHsle] BEs A

=3} pronase<} coIIagenase:E—

<, ©]o] arabinogalactan &
HIHEE EElstt 71_}

42 trypan blue ¥iA] GM-& A}-8-3}o]

*é*o‘*ﬂ SRR
95% o]/ z“ﬂfs}i, 6-, 12- = 24-wello] =2}
2~g] HjFE Aol 0.5 x 10%mlol A 5x 10%2mle] Y&

BEe 3 12mM sodium bicarbonate, 12mM glucose,
penicillin(100,000 U/L), streptomycin

insulin(4U/L),
(0.1g/L), 1uM corticosterone, 10mM HEPES®} 20%

ol

serum(10% calf +10% horse)S HE3%3$+ medium 199
(Gibco BDL)SIA] 95% air/5% CO,2] AHe)Z x| 5hH A
HiFst ek A EE Sk Bl g &71914 3~5



A wjFsle] &4 IHASAIERE FR S o] A
2 48Atehe) vl S wgkeldA 4, 7, 14, 219 114
o2 jSHAZRE HNEE 3535k Western blot #4]

A&yt
5. Western blot £44

ZF 7178wk A

Rl
4

S ¥ E phosphate buffered
saline(PBS) 2.2 5 H A % RIPA £+ 3} Diagnan
C &5 AMRat] Alx A7 o] duld S
3l o} Lowry " (BioRad, Hercucules, CA, USA)S A}
g3t dds A8 dd 10% SDS
polyacrylamide protein geloﬂ 10pg/lane 2.2 loadsle] 7]
Ak 719 E T Tl L transfer buffer’} 591
= transblot XJX]% AHE3ke] PVDF  ®H(Bio-RAD,
Hercucules, CA, USA)2.2 Ho|&}ith PVDF 2 H|E
olq Whg-& AEslr] 93] 0.05% tween 20°] ESHE
tris-buffered saline(TBS-T)2 ARESEe] Ao A 4587
blocking 3t th. 2 % PVDF 92 1} 3421 polyclonal
goat anti-mouse stem cell factor(Santa Cruz, Santa Cruz,
CA, USA)(1:500/TBS-T)oll &7 AollA 1A17F ¥ESA]

o]o] PVDF 2H& TBS-TZ 63] A1 23l -5, 231 &
AJQl  biotinylated rabbit anti-goat immunoglobulin
(1:400/TBS-T) (Dako, A/S Grostrup, Denmark)oll &7 4
oA 1A]7F ¥REA]Zl 3 steptavidin HRP detection
kit(Dako, A/S Grostrup, USA)oll %7 AL x 30%& ut
SAZAY. I vg PVDF 2& TBS-TZ 63] A&3 &
SuperSignal  West
kit(Pierce, Rockford, IL, USA)E
A Aol whet wAstd

27 5%

Xz o
QEL

Pico Chemiluminescent substrate

Apgstel AzsIAe]

6. S =4

Sham*#} BDL 7+e] A8 W3, &4 1 3AE
32 WA g HIWAE 9] Zo] HE 93| 3
T-7A(independent sample T-test)2 %13, BDL 2
71708 2ol 5 K] fls) I E4HEA(ANOVA test)S
3to] Turkey ThHEHIWEA 0 2 ALS ARSI om A ¥
T Abel o] S B7) 918 ¥loj A (Pearson's
correlation coefficient) S 3} t}. 227} p<0.05°]H &
Aoz Fosithal AASIAT A ZEIYLS
SPSS ver 10.02 AM&3FsT
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Im. 4

T}

1. BDLZo| HEf H MFst HHo| Hs}

bl

HES} sirius red&3 28 o] ShamT= BDLTY 2} 7]

708 e wstel st W st wE 7t s X
3 W3ls BT Shamtolbe 5 F 4, 7, 14,
219ollA] oFzre] o] FHRLont AghE]o] Y
o1} BDLZIAE d3 A3 3 4dFoA] A7 ugA

o] Z&o] Sham<toll W& F38tA S7kshe zlo] #F
HAIL ofze] B S = FHEHIth BDL 79T E
713te] STk A J S 9 3 AR 8- =T}
0 4siA WA BDL 14U W—L— 53l WA g
o2 A4 A¥(fibrous septa)e] E31HAl zlg Ao
™, BDL 2197olMes daHHA E9-54789 Aol

o=

7k 2% (oridging fibrosis)©] g‘d'&]—ﬁaﬂ-(ﬁg. 1).
Sirius red el o3 A3} WA sPHEA 0 F

Z3to] WE-ES 7 A7 Sham #o B4 7 717
S7Fel wE Wsrt gislen, BDL 9] -5 Sham
(49T 2.6+0.8%, 7Y 2.6+0.5%, 14%1%: 2.2+0.6%,

219 2.5+1.0%)°l H8] 4Q T(4.840.6%, p<0.01), 7¥
T(6.521.2%, p<0.01), 14Q (8.0+1.6%, p<0.01), 21
T(8.34£3.0%, p<0.01)°ll EF FTATH R wf¢ FogH
ztol7b AT BDL 9] 7|3t St wE A3t |
A& ZF 3 o3 2ol 7 2™ (p<0.05), 71%F St
o met A3t B E ekl stou, AR A
S S v vlaEMg 2949 7Y 7 UY 7
Atolle FATAHCR fofdt &
219 FHho] 4 Fol] vl BA 3
UERN 9L th(p<0.05)(Fig. 2).
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H&E Activated HSCs Collagen content Mast cells

BDL
4 days

7 days

14 days

Fig. 1. Microscopic pictures of the fibrotic liver sections in 4, 7, 14 and 21 days after bile duction ligation. The sections were stained
with hematoxylin-eosin, sirius red for collagen and alcian blue, pH 0.3 for mast cells respectively. Activated HSC was detected by
immunohistochemistry with monoclonal antibody for a-smooth muscle actin.
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EEDL

20 1

p<0.05
| | NS

NS '|
1

N3

-
.| -
3

Lays Post-Surgery

Relative area of fibrosisi%,

Fig. 2. Comparison of relative area of fibrosis (%) in rats of
Sham and BDL rats studied 4, 7, 14, and 21 days postsurgery.
Bar represent mean+SD of groups consisting of 5 rats. NS, no
significant; **p<0.01 compared with the data from Sham rats.

- AF RN A a-SMA FAduEe H-9 2 A2
¥ s 228 A3} Sham 9 A9 2+ 7|7
Z7}d w2 H3lr} giglet, BDL 9 ¢ Sham
(49 1.020.2%, 7L 0.940.1%, 1497 0.9+0.1%,
219 1.00.1%)°] BI&) 4 T(6.1+1.3%, p<0.01), 7¥
T(6.942.1%, p<0.01), 14Y T(10.4+1.8%, p<0.01), 214
T(7.4+1.8%, p<0.01)°] =F FASHCR wi-g- o3t
ZFo7k Atk BDL 9] 713t S7be] wE wdd A
2 WAL 7} 771 503t 2Ho]7} Y (p<0.01), A}
AR8E 93l b vl A 4d 73 79 T ALl
Oﬂ ‘IT*/] 7]'7]' H}\M E] “’]’ 140] :rL 70] __TLJ’]'
144 T Atoldll= Ezﬂﬁ o2 frofg 7P A
(p<0.05), 219 & 149 ol Hls) FAHH o=
g A HERUT (p<0.05)(Fig. 3)
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O =ham
mEBDL

[l
=

p 005

NS **
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Davs Post Surgeny

pg0, 05

Y —y
) 4y]

Relative area of g—-5h A positive cell(98)
o

)

Fig. 3. Comparison of relative area of a-SMA-postitive cells (%)
in rats of Sham and BDL rats studied 4, 7, 14, and 21 days
post-surgery. Bar represent mean+SD of groups consisting of 5
rats. NS, no significant;  **p<0.01 compared with the data
from Sham rats.

A M= A = ok

Alcian blue &2 E 20| % 1mm?
T T3] A8l &2 £45 23 BDL 49+(21.5+3.9
7R)ol A= Sham 4Q7(17.4+3.070)0 B3] 2kt Z71314
A SAH O E Fog xol7} gIRNAL, Sham (7Y
T 16.4+3.470, 149 15.6+2.37), 21¥+: 16.5+3.77H)
o] W8] BDL 7¥+%(21.9+2.27, p<0.05), 14¥ *(29.3
+2.871, p<0.01), 21 (38.3+5.17, p<0.01)o = EF

T H HTAE g

T~ =T
SATAH R Fo3HA F7FetAt) BDL ¢ 7I3F 571
of W2 HITHHIE $29] Hlwo = 2 #3F F2] 3 2}o]
7F AR HH(p<0.01), AHF HAS 98l v vueA e
A 49 73 7Y T Abololle FATH R fog A
o]7} 19lem, 14 F(p<0.05)7 21¥ F(p<0.01)ol A
T& 57 Yehiith 53] BDL 21 9 A%
Sham 21 <ol Hlsf 2u) o]’de] F7He HSATHFig. 4)

4. MRS HA, 2y ZHAMEZ B2 HE, H|THA|
B e =%

BDL 9] 7|3t F7tell wE 3+ W A3t B3,
4 A E, A dx STl g Al g 7E
BBAEE AR A AR ARl g &4 A
A E BE WA (r=0.76, p<0.01)(Fig. 5), B HITHAE &
T(r=0.71, p<0.01)7} W% H-o3k F#H4S B ATKFig
6).
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Fig. 4. Comparison of density of mast cells per mm? in rats of
Sham and BDL rats studied 4, 7, 14, and 21 days post-surgery.
Bar represent mean+SD of groups consisting of 5 rats. NS, no
significant; *p<0.05, **p<0.01 compared with the data from
Sham rats.
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14 r
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Relative area of fibrosis(® )

4 5] g 10 12 14
Felative area of Shb-positive cells{%)
Fig. 5. Correlation between relative area of fibrosis and ralative

area of a-SMA-positive cells in liver sections of BDL rats.
Linear correlation for two elements is highly significant.

5. Stem cell factore| =

T

) ZAPAZ W JIE SCF BHIE A1

fate] v A RAEE MGHAIERE 358k

=071
p<0.01

Relative area of fibrosis(%
o0

15 25 3h fils) [51a}
Density of mast cells(1mm®)

Fig. 6. Correlation between relative area of fibrosis and density
of mast cell per mm? in liver sections of BDL rats. Linear
correlation for two elements is highly significant.

Axz e 7 HExdS F2] 35314 Western blotS
Hj o & SCF g d S ) 4%
AFZdA AEE o 7 = vy 3
EA W—rEi %E] pIA 14 5—EH HHOO]:OHH
=0 =4 23 o 23] passeged HSC7HA & H-1]
e Aog YehthFig. 7). SCF Thde %F size
markerS A AS-3F A3}t 30-kDa Tl =7)Ql Ao
2 FRI=AT

IvV. 1 &

Abgholut FEoll X 3 w3 e AT &
dete ol SAFEAE fFAxzE d2d8E A2
ofsf Zt =7 Apeloll wAdS EIT AEAVIES &
Hlgte] A4 A¥S TEUA Jgdn. oA FA4d
A 240= B4 AGAE ofoll vIvkAl 27} 55
stAl S7kE™, o] F Axe] AN FH 2FHew

4 7 14 P2
Rat HSC-cytoplamic extracts

7 14 P2

Rat HSC-nuclear extracts

Fig. 7. Western blot analysis of SCF protein expression in rat HSC at different stages of activation(4=
4days, 7=7days, 14=14days cultured on plastic, P2=HSC passaged twice).



QI3 7+ At AA e o] F AES DS FS A8
o] o]Fold Zo g 75kt Akiyoshi 5, 1998; A4,
2000).
HI"HA| E = histamine, trypataseS ¥3Fsle] TGF-B1
2]a1 basic fibroblast growth factor(bFGF)9} 22 443
A QA ARIAE BT § oA aEt A
wAgol zlo] Ak AR dHA ShtiArmbrust 5,
1993; Qu %, 1995). ©] = histamine2 in vitroo| A A
A% udd FEY AEd FAA=E
(Hatamochi &, 1985), HF 2 tryptase= d-7-2A|E 2] 3
g4 2 AHEE QIAE RaEo] 9ltiRouss
1991). 3} in vivool = CCly 54 12FF H6=
o] kAN A ZZA | HlE| histamine©] 44}
F7keta, A4 g A A 3
histamine©] -2J8}A Z718F3 tHGittlen 5, 1990).
ofvet HAG RIRHAE S7ks SAA w2 BlEE

Boki) 4ol Hels e Selah AL §

olN ot |1

AL

HEEAA

%—, 1986).

2o A9 A7 i3l Ao & &
w2} Sham o] B8] BDL oA F=8ish
U}, BDLFOM = 443 7Y Atoldl= #28t
Rom 1A o3t FIHE Bt o]
Aol 717t Aol WE a-SMA %A A E2] Z7} Ats}
AR e, A3t W3 Z719F a-SMA-A A E] ST}
Abololl A#o] =& Ao 7 YElytt) o] ZA3t= a-SMA-
2 RAETY wdd el AY

[efie} 1l
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