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Cellular Distribution of TGF-B1 Peptide in Dimethylnitrosamine
Induced Fibrosis of Rat Liver

Sook Nyo Lee, M.D., Do Youn Park, M.D.
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Recently attention has been focused on the biology of transforming growth factor-f1 (TGE-[1).
TGF-B1, a potent regulator of cell proliferation, stimulates the proliferation of many cell types

of mesenchymal ongin and inhibits the growth of many epithelial cells. But its cellular dis-
tribution and temporal expression remain unknown. The aim of this study was o investigate
immunochistochemically the cellular distribution and temporal expression of TGF-[i1 during rat

regeneration. (Korean J Pathol 1997; 31: 1157 —1165)

hepatic fibrosis induced by dimethylnitrosamine (DMN). At an early stage of liver fibrosis, there
was evidence of multiple centrilobular hemorthagic necrosis with parenchymal lobular collapse,
and at a late stage, there was septal fibrosis with micronodule formation of the parenchyme.
TGF-[i1 peptide was first expressed in centrilobular clusters of macrophage which were
surrounded by many TGF-f1 negative fat-storing cells (FSCs). Along with the progression of
fibrosis, the TGF-fil peptide was expressed in the a-smooth muscle actin positive F5Cs and also
in some peripherally located hepatocytes of micronodules, Serom IFN-v was detected in the
serum 2 weeks after an initial adminisiration of DMN had reached the peak level at the 4th
week and then markedly decreased at the 5th week. We think that TGF-[i1 peptide is produced
by macrophages influenced by soluble IFN-v, and is expressed in the a-smooth muscle actin
positive mesenchymal cells and regenerating hepatocyies, and that this cytokine may have an
imporiant role in the synthesis of the extracellular matrix and in the regulation of hepatocyiic
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R8s A% 3 £4 F £ A 7 A8
off Pelste] A FEEH, 5948 HHES
ghdfell 7ha S8t Fgeld. o] PR Qe
Zholl AE2]71E (extracellular matrix, ECM)2] <)
SHe] A7|a 3y 3 ECME F2 2993, 1|
2984 Deba, el T2u)eFate)T} (proteo-
glyeans)o 2 FAFo] g’ ZYPAL ECM F F
23 shdl ol HHFA el A S’ o
HEeg ECM AEE8 Adsis HEE dig ¢
AF A AdS A AAYH el @
7 alck o§7 dfAd4de b 3 E49 As
o} A@de] gk’ whEE zima, ofE am
The] A4 ¥ &2 ol Fe wWgE HdwS
izt 23lshA dEdch e s se] Al
el AL sk gz Jhaled s 3%
4 472 ga Uk

ECM 34l Ta4 AESE+ AdAahdE (fa-
storing cells, FSCs), ZHA|1ZE, W HE F 7hi] EA)
sk o] Firel MEEe] AEsR gler), F5Cs
7t 7 S AEE FEER 9ok 2] FSCse
g o ME, A E, &8 SRk 93 F9] 4
dEelaE S A, o AEs v dEY FHE
24 JlF M Este] Disse el $Ewbe, FHAE
=3 A3EA HFZsa gl AEAWel= F2
Hlebgl AR FAE A 2S E3ksin 9’

AT EE AT ATl Aug Az
o7 w MEzE S oo 2], FSCse
FA719] A4 f¥siew Ye Hubs] A
b 2HeRe ERgos P o|a o] o
AR, ol ol8s HMEEE uvlelnl A =ubE 9
FH-4, smooth muscle actin microfilament2] =<t 12l
al ECM 42 4% 71 58 Fubgiel’ o9 5
A ool FSCsi= ZH4F3foll4] ECM2] 3}e] =3
ol 2 g5 gAeleta 45|z g

el A Yojrte otv|edt, g, =3, F713
aela grdbg 59 A3 g Al cytokinese] el
ko), <ol cyiokine & transforming growth factor
(TGF)-B12] 5% el] Fhale] tA|2] FEe] Zolz|
gk TGF-B1& 25kD whwlo 4] 3% 4| L9
A4z WA zel whel ojerbd AL uhy
gt o] Qb b fele] AEFe delelA
44 A3g s, e AEE F 4l of
sloli AR olA|gch Bk ohujel TGFpIS 3

2% 7l¥ Fodlv ECM=] §43 HRe Feia
ECMshila} A EAole] 4EzE& viAlsl: 8%
A integring] MHE FAFE S Ee] gk o
ET A FellEa oAlale] 4 5 meallo-
proteinase®] A AAle] wiElap Yu]E FrlAF
i, Yeolsl ME-ECM Aole] AEatazt s
=l aB| B g TGRpILS ECMBAT 4 E-ECM
AEa el ftedels sl Y e =Asten gz
Hel. TGFP1S B4x§, =7 E3e] data) &g
A, ava FF g MagFH =AzE g
e 7HAE A 25" TGF-B12 autocrine % pa-
ractine 7| Hel| 2]sle] ook 7]5E WHHln o
2l# elch olfl HEE adelwl TGF-pe] 7)so
o chekstae 75 2] FHAE dighs] 23wl
A AHZbElel. 3 IFNvE T PET9 NK 4| X0
A AgAbguEe, T gl el o ZHE 5 o4 4
EE FAevle] B34 B4 HRE dANES
2 7] 7] dAlAEE Fuldicln eelx] g
ch Y g, ghdfstelld IFNve] HER o9}
BaAst TGE-p1e] 82 of=] & <hejx A gho}
Nakastukasa's'"'*2 Al ghiel] 28t wla 71 4
e T 9 K5 A ¥ TGF-pie] HE4 »
Eot o] HAH HEE AAFEFEY (in sim
hybridization)®] £} Northern blot 4o g =4
g wp e s zzsety A1 E Al gle A
ok A F2EAEHI Northern blot B4 {2 o]
gl edFel Ed| ol L=} MEF2 Seflg}l HEY
242 #Helg FA Phlede wld=zas
o] o o

# 52 dimethylnitrosamine (DMN) §42 3 74
F3e] wbd FhAel 4] TGF-p12] B4 K9], Fa] w
8, el Y] A HEE o=z
Wo g dAFshda olFeE TGFAl WS 7184
gl IFN-vX 2] wlEs} St Ro] x2Adebe Kb

M2 ¥ Wy

1. =&

o] altell o g% FEE AF 200 gm s
Sprague-Dawley#] s=uwl4] sovlelgict FE5E52 55
555 ArsA of 15U Askell A
A Az dert gEsckn 935 A F@
A Al A-g3lgich
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1% dimethylnitrosamine (DMN) (Sigma, St Louis,
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USAE Al kg 2 10 ple 215 #H, 15e]) 3271
4 357 BE FARdc Had T2 2
+ 22 g AdsE P ez F4u9
cf. oFE Fof AR F OISR SFE0A 13 Ee
2 AYT sulelsl dj=t 2nbe)elg #4420

3. EZFSE Al

EEEE YA FAZ FE HBee vy
ooz P g 7S 1 om’ =72 Aely
10% 4 ZEvglel] mgA)# 4 selglel Fofsl
k. Eefzo T RE| 4 pm Frls] AHE A
ato]  hematoxylin-eosin (H-E) & 4%} Masson  tri-
chrome <4 48 A]sfsigich

4. EHZFESH FHAl

Fawel v, shebsl Fof =22 S 4 pm ol 2]
A% ARS Axste] W2y 45 A
salgch FSCsoll ogh 238 432 mouse anti-
human a-smooth muscle actin (1A4, Dakopatts, Copen-
hagen, Denmark)& 483, TGF-flel] djg w3
+ A== anti-human polyclonal rabbit antibody g
TGF-fil (V) (Samta Cruz Biotechnology Inc., Santa
Cruz, CA, USA)& AHE#iglen, sz 4s o
#H-2 labelled streptavidin biotin (LSAB) ¥l o2 4]
Walgcl =23 HE xyleneo g shubolalsl <l
ZEE F43ct 03% e LR SEIL bk
AAH WY A8 EL v oRe A7 o}
& PBS fpolow 1007 AMsia 44w o
AE Fhste] 2082 ARt A4 A WAL
AAR e 248 AAEAE (asmooth muscle ac
tin, 1:50, TGF-p1 (V), 1:10005 H7}sle] 4°C &3]
off abfyl Felcizl b2yt PRS oo 1057
ARstn vl edds 249 447 wek Qe of
A a9} 2087 WS A gk AH F streptaviding}
Ajrer AL S¢S 7hete] 2087 wh2 A
7l & AEC (amino-ethyl carbazole)® 2H#al 3 Mayer
hematoxylin2. 2 o] =% &l balsamo 7 Bg]a)sich

5 0l=F HYEZEssts HAl

a-smooth muscle actin®} TGE-f1-8 59 =2
Al FAlel Ely) fele] o)F W=zt o
M3 Alegsiglch 19 EE gheks] Aoy, Histos-
tain-D5S kit (Zymed Inc., South San Francisco, USA)&
o Bsfe] Altfslglic ol Z]=gk vl gl Wy
=3guH st FI9% dlew a9 7
Algatedel. F A Felli= TGF-P1 (V)ol] ojdt &

LA AgEa sweptavidindt A%H5] alkaline
phosphatase=- ¥F5-A]F1 3= BCIPNBTZ b4 2] 7lc},
52 % a-smooth muscle actinol] tf§l kxS <))
G AR swepavidin®t S A M
FAHlE vhSAEl & AECE ubYA]#H o)l BCIPNBTZ
A TGF-f13 HEAe Hzldon ojasl uf
2|5t AECE 49l g-smooth muscle actin® 4] £
Aell HPYog a9 o 2z okdoz A
Fif=

6. M@ 3 BH 22

o we etherZ vpHA|F] oA Eele] Fejog
Soeles A= FAE £ ouA AAE Aefda
Uz E AR A o3 Eullelly g a3
shslel 2elan uvbA] sl al diE el s ey
£ Adsisdch e sNs 4ol wixeled o
e Feldh b3, ¥4 cywkines FHE wirx
—20°Col| Habsbgch di= 9 Ag o] & 38
vhele] w2 FE a8 9 gyialr) skl

7. 83 cytokine2| S3

IFN-v& S4dsl?] $)3le]i= Biosource (Camarillo,
California) 2] Cytoscreen rat IFN-v Immunoassay kit=-
o &a5h3lat, €3 TNFa#t IL-1f Genzyme (Cam-
bridge, USA)4}2] mouse TNF-a ELISA kit?} mouse
IL-1f ELISA kitg o]islgen 2% A=gx &
aridyog Zd3qid,

8. BAHISH AE

HX 52 o2 Student2] tiesi2} Kruskal-Wallis
Aol 23 YN EAEAHE ol f3lgen, %29
FEE <0052 shelcl

= X
I A &A

DMN F-of ]2t & 15l 7he] 4ol F44
of 294 447 daElgdsn, o BEd4 o
T2 HEWEE, AEF aela ggME 5 oA
MEF2] Fgel S} (Fig. 1A), T AL
A P A A= A EL] L4 (apoptosis)el] 2]
i Councilman A-d|2} 32 2450 veht} gl%)
th. DMN o] A3 F 234l 7 £S5 &
g4 maet 7 dA-e AqdFarr Felsled #Ha,
a3 chelgte, ahg ubpd] gE s Fdol
HaMHer, 474 duEel T4 AWE Aol &
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Fig. 1. A1 | woeek after initial adminisiration, the Hver tissue showing numerous lymphocyies and monenuclear phagocytes
in the contmilobular Tocus of hetaorrhagic necrosis (A), and at 28 davs after initial administration, the areas of sepal
fibrosis showing many myolibroblasts or fibroblast-like FSCs (Bl '

Fig. 2. At 4 wocks after initinl sdministration, there are numerous o-smooth musele actin-posilive

FSCs in the fibrous septu,

Adsto] slofeirin} ALAAE FA%cE DMN
Fof AE E el ¢k Adel Eyas 2
& Aol Polud] 7 Aol vl AFe] F
detelslon, 444 49 we we 5o wE
% Aol TexEo] gick. DMN Fof 47 &
seAele b AAs slARR el 3FA2 &7z
ulzelgl o, FHAES Aolel] AELe PAUAL

& H o] Aalalek AFA ARG WA= AEE
el vl® o] @Alde)l (Hg 18) DMN Sof
A & sFeleliz 7 Ade] Eyls | WEe] g
glou] 4544 4utell AlEgLEo] whol ghaated
sigich
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Fig. 3. At 1 week after initial administration, the centrilobular nevretic sress showing many TGE-f1 positive mononuclear
phagocytes (A), and at 4 weeks after inivial administration, there are TGFE | positive FSCs in dhe seplal Nbrosis and
a few TGT-fil pesitive hepatocytes in the periphery of the micronodules (B

Fig. 4. At 4 weeks after initial administration, there arc II'.l'I.ﬂ.'I'l}f both T'GE-f1 {dark brown color)
and o-amocth mikcle actin (brown color) positive FSCs {small arrow) and TOF-R 1 positive

hopatocyies (lurge armow),

2. M=y 4

g-smooth muscle actins]] 3 W L2882 o
My 27 FES el e HES AE
gt "Haby wENE AEed 29 el IAs]
A, FRy diE ol ok A ErL BEE =

stglvh. DMN o Alal 3 23#] zholll A4
A5 FAubal crotA] RaE Abelel] glE obale]
i Hide] sk o ofas|gld], ulkw] ol
HE5 DMN 5o 214 & 338509 sgaim A 1
Frb AR Erbelga, o] AESY &4 Wsw

ae] #5114 AiA AnA 2 9 TR B



1162 ciahal glsbsl =] - a4 31 9 =11 5 1997

aiElglel (Fig 2). DMN Sof 42 % sasflol|i ok
4 AE 47} gl 2Hasiglct.

TGF-piol] tigh wlel =23} o4 ErGol 9l
oA Wz FE] Pole pulnh pued Fg,
gaas aela SN ekelbAl wE E gl
DMN §o] A7 % 15aol] 284 2432800 2
w4k 23 Fit AE A wtHE gl (Figo 3A).
DMN o Alz & 3Fsfolls A4 Aga o 2
a Ao Wby oA | EFe] F¥elglch TGF-
Bl okd MEESS] BEAGE asmooth muscle actin
i AEe] FEAN 2 YEzigden, ok4
HE 21 9 YIS asmooth muscle actin 9F4
AETS &A% 4 Yiahseh o % ol DMN
Fol Alft 3% o|#ME ule Zelsh 484 A
ot e FAsls Ao ZHAIE AIEA e E
TGF-p1 <4 £4e] FAH o Yasglon (Fig
3B), TGE-f1 24 Zh4E == DMN 5of 22} &
s} SFafel| Lot o Selsbgch

TGF-B13 a-smooth muscle actin o] 44 TR 5
ell 2lefs ok ghaflell gt Y om wiSslbe AE
v E5 ey M ESelelen], DMN ref Al
W 2ol e Sflsk e FHeel A
vhebLb ] DMN o] A]# £ 35wl 4] oFT)
wotd 7} (Fig. 4), 557l vhi Fhisielch 7
A5 TerN512 a-smooth muscle actin 984 FSCs+=

TGF-plell diste] 54 elqich
2. 83 cviokineX|2| HE

o+ whell4] glgh npel Fhe] ®©A cytokine®]
= IFN-y, TNF-a % IL-1p2 &=#3lglor} [FN-yZ]
vto] FA I, ofubi o] A3 rat TNF-a2} IL-1f
?F mouse TNF-0%} IL-1fie]] &t ey ojr-HE
E AEEE Helnt S4vdylon 35 A%
7} et 7| oifiro]efar 47 Elc)

Table 12 =271 A%+ =5 5 DMNSo 4
A F1FRE SEAA 13 e uad g, ¥
ol g, E5oEuel]s 3 ”hlﬂ d3e] [

1bN-v:|ﬂﬂ ek Al A o) o] S 2w 7h e
A A3 s F¥ 93 IFN-vA = DMNSo] 4
4 F 23N FoskA Frhsle] aFH|ed]
Fol| stsbgickrlt S5slolls F2labA asiedc (p
<001, 2|} vl spofge, o SHolEey
o4 g PN 42 BAEHez fo
o] & Hol#| ekekeh (p>0.05).

Table 1. Changes of mean soluble IFN-v levels afier ini-
tiation of DMN administration in rats

Mean soluble INF-v level (pgfml)

Weeks Sﬂ;ﬁlﬂ
5 v A

Control 8 0.000 0.000 0.000

1 5 0.0 0.000 0.000

2 7 AT14 4.000 5714

3 6 23,000 22.667 20.000

4 6 37.500 28.833 35167

5 6 4.333 5.667 4333
Abbreviation : 5, splenic vein ; V, vena cava inferior ;
A, aora.

(Ho=18.566, p<0.01)

il =

w2 el gleld AAES TGF-p1 #2456
hEe] MEY PE} HAH wEE ks
A4k 7hell gleid TGE-pI §#42 45= 7b =)l
T S5, &3 F9), aelm FA g4 of
A wrEEgch DMN Sof Fhol] glol4] Z7)els
TGF-fl 32 2H5Eeo] ZAbae] AH4 AdSHES
of s A, ole] 4 gsmooth muscle actin 9k 4]
ESell4 wlalsiglen] F7|olli= asmooth muscle
actin 44 H|EE Folual vl He] shakalale
G ok R ESe 4 2 ubEabg o)

7] NathanB'2 o4 HEE 4FZ4] kol
Aojr}z| A B4R el F4)¢la5e]
xo| HAcka abel i, Masuoka®} Tsukamoto'™= 4]
o A9H LAEAH 4H{E ghelld Feldt Kupffer
M| Eoll4 TGF-fle] dhwdal Bu| 2| o] glajr}
7h2] FSCsell 213k ECM 45 25¢HE Thadslg
e ol RaEd adsig 2 Ayge 2] #ali
ol WA dEZ LS TGF-BI FH7 AHEe| ul
dE\gichs A3e gl Asteln Az, e
il Nakatsukasa'5"& TGF-fl f&a 45 7H4dH

$o] E7)oll FH-Folz HFHEE, desminek4 FSCs
2F Har S S FhelA WtEs|gd o, AAE kY
Fofl= walE A obJugcln Haoslgich ayA
% o" HES A4} gi §ab 7F H4fEol 1o}
EfL}E FSCse) RER¥F} Golgi &x)ell4] §FA) 5o
B oo Jtofl 4] 4HG =2 a-smooth muscle actin oF4
M ZE-Sel] TGFi1 FHA AEe] 7halA] uleaig
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F <t transforming growth factor-fl (TGE-p1)2] 41
=00l ate] Al FFe] Eolxlm gk TGE-
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el det ek B o Fell = TGFP1 #-H2F 45
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ata obge] A IFNvR] WS 38 o2
AHEE o5 Fre| aokslgct

DMN f 2F i3 gl 27elle 7k 4]
el S84 Az AAA Q3 B Aaer o
Axo] b A48 g F3E Jehlgich DMN £
o 35 ol Tl Ade] Lol H4F
el 2k AHehd HiEr Sfee 3 A
v 42 H Ee] 4=

TGF-B1 F# 2} Abes 27l 2] Abazell 354
] A M ESoll 4] wdE el s, ojAHE F5] FSCsel
« sz gskev, Haskrt AEEFkel =izl 4
4 Hupoll gl oFE2] a-smooth muscle actin
ek HES (FSCs)Ek gAe] vjA#Ad shakalel«|
gl x5 okzhe] FhA| EEelA dhEE gl

#3] IFN-v#| = DMN §of 22 3 254el] 73
¥ 7] Al&sted Ha Fobsled 4ol e =
sl ok} sEsolls Hals] fHahedct

oot e A EEeA 3HEE TGF-I
SFAA AR wrEe ®@a [FN-vel) $ais] 5, TGF-pI
o] a-smooth muscle actin <k M ES3 a4 7t
HEFAH WHEHE = oz Hel, o] Qlale TH4
w3 wbAlagell A FSCsg] #HE2]7]A 447 7hA
Fo| F4& Al ez 45
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th o] 4HL DMN #% THHF8bell el4 FSCs
7 1R dEgE goe AE Ao, o] 4
Nakatsukasas-"2] Hnele Balslw, TGRS Kupf-
fer A2} FSCsell4] Felsbe] FSCs2) ECM 4425
A% EF olyzl 2 glzke] mRNAS ASed=
Bp¥elw A Batelch e ghe] A4l o) 47
A2 zhakatbeldl dv ke ZHH ESC| TGF-I
THA AbErh WEshels #ale] 432 Nakatsukasa
79 Baghi= deltk A3 o]t} Heine 578 3w
Aol 7+ AAHEeNE TGF-Pl FHA AEe]
gk Easigled), el LC 1-30 (anti-TGE-51)
Al E o]l Y o TV 453 TGE-f
I 32 e S48 sk} & Lo 1-30
& o] 84 A7 A4d TGF-p12] HE epitope
¥ e, A3 M ER g3 A Ede| TGE-
Bl §H2 45 949l Cajas™s LC 1-30
GHE AHEslo] A4 A% wiae] 4 Eol)A TGF-pI
3R 4EE dY=Aggsen @asiga, A
HH HRE WA 493 zhAEHe] TGF-p1)
Hejuk3Adeol S7ksle A& Baigic) B oAt
o| && TGF-fi1 (V)&= ani-P (50-75)0f] E41= 5,
|22 FlandersE"ol| 2]3le] TGE-H1 #ATF 2] am-
ino acid 266-276o] o3} et Peps Fe| iy
ch Ant-P (50-75)%= 2712 4 =44 TGF-pI
2| carboxyl-terminalel] 13 Al Eu cpitope s el
ot wkd AAge] W3 Ane ggdsidm 84A
elch, AAE2] A #tel NakatsukasaS'*2] B
Aolo] el e] o] {8 AsslAe Y 5 gl
o olubxe Ay whe] Helulm 4wd 4 9e
Edge )

Tan§7e] Rwgh A glope] zhgsbaAl TGE-BI
Az AHE WY A FEel B ol Tl 2alu
o] FAA AFE T 557 N A AY 2h4|
Eflell4] A=A ohdslela Easls =84E
dl= g Ml EAE Eilen el 75 7H4
Foll = b wbezle el wijakdglol] glo|a iy
E7F ECM A8 A4dhchs BaEe] o™ 4
o THAREsl U ZhedollA] mYAN Fae} AR
& ML} A4 RaE 9le0 ™ Manines”
« A% 2AL 7Y E2] RER4 HabE|glckm
Hasbgl s ChojkierS'' & A2l g4 SuF wly
T Hioold THAEZ 293S faddan sgl
. old RaEE aeishd 7R Ee S cytokineo]
At 7hsAdel 8¢ ik Azgo

TGF-B1 -8 o] FFe] AEF Ealshn”
WA FhA o2 EalFhch” aglcls] 7 Ed TGF-
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