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Abstract

AIM: To observe the changes in the expression
of small ubiquitin-related modifier-1 (SUMO-1)
during the formation of hepatic fibrosis in rats
and to investigate the role of SUMO-1 in the
pathogenesis of hepatic fibrosis.

METHODS: Ninety male Sprague-Dawley rats
were divided into two groups: model group and
control group. The model group was subcutane-
ously injected with 40% carbon tetrachloride at a
dose of 0.3 mL/100 g of body weight, while the
control group was given equivalent volume of
normal saline. Liver tissue samples were taken
at weeks 2, 4, 6, 8, 10 and 12 after carbon tetra-
chloride injection. Hepatic fibrosis was patho-
logically evaluated. The expression of SUMO-1
mRNA and protein in liver tissue was detected
by RT-PCR and Western blot, respectively.

RESULTS: During the formation of hepatic fi-
brosis, the expression of SUMO-1 mRNA was
gradually up-regulated from week 2 to 12 (0.725
+0.017, 0.786 £ 0.018, 0.803 £ 0.023, 0.831 + 0.020,
0.863 + 0.016 and 0.892 + 0.008, respectively; P <
0.01). Similarly, SUMO-1 protein expression was
also gradually up-regulated from week 2 to12
(0.810 + 0.059, 0.873 + 0.049, 0.923 + 0.055, 0.959
% 0.032, 0.988 + 0.011 and 0.998 + 0.004, respec-
tively; P < 0.01).

CONCLUSION: The expression of both SUMO-1
mRNA and protein is gradually up-regulated
during the formation of hepatic fibrosis, suggest-
ing an important role of SUMO-1 in the patho-
genesis of hepatic fibrosis.

Key Words: Small ubiquitin-related modifier-1;
Transforming growth factor-B1; Extracellular ma-
trix; Hepatic stellate cell; Hepatic fibrosis
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BAY: K2 2 XS (SUMO-1) AT
S L ARTE R P B9 A R AL

Fik: K90 8 SDR A4 424 HA N =
50)Fn 2t BB 2E(n = 40), *HBLA 2045 F40% CCl,
3 uL/gk FiEst, o n TH#E8E2. 4. 6. 8.
10, 12 wkEIFLR LR, R Bt 46T 2F IR 205 5 04
22 B R TFIES, Bo R E SR 048R 6
B 18] 4L 3e. 3 4. R R B AL LT A T
A AL, RT-PCR#&EMSUMO-1 mRNA# &
ix, Western blot# M SUMO-1%& & #9 & ik, 4%
BB K] 6y B ABE AT AT, AR AR, KA
B A oA 5 xF PR AR BEAT LA .

LR AT et ZATARAL GG TS R, SUMO-1
mRNAZ2. 4. 6. 8. 10. 12 wk9 kA&
¥ 3%(0.725+0.017. 0.786£0.018. 0.803+
0.023. 0.831£0.020. 0.863+0.016. 0.892=*
0.008, P<0.01). Western blot® =SUMO-1#5%
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G F A2, 4. 6. 8. 10, 12 wkitL Z R BfiZ
#7%7%(0.810+0.059. 0.873+£0.049. 0.923+
0.055. 0.95940.032. 0.98840.011. 0.998+
0.004, P<0.01).
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Nz FEZA B MY (small ubiquitin related
modifier, SUMO) &7z # (Ubiquitin) S &1 15K
B 2 —, 5 A3 —Fh
BEE AR B, BARSUMON A1k
AR 57 AL, (HSUMOAN T SR 8
FfiA. SUMOAK RERS AL 8 11 5 s nAs e 1 2 5 4
MRz I — RPN R, Zis k. 551k
A R R R R DR Rk s A AT S
REWEZESUMO-1HImRN A K B [ R L AR 1L,
HAR VT SUMO- 17 FFET Ak FE Bl A2 (14 .

1 RS

1.1 ## SDARBSON, &, #AME250 g+30
g, W H B KB a2 8. PCRIR
B (GeneAmp” PCR System 9600), Western
blot{¢#%(Bio-Rad Corporation), GeneGenius
Match(Syngene, 3 [E)4: [ 3K BG4 Hr
ZY:. TRIzol(Invitrogen, [H); RT-PCRik:
Oligo(dT)(Promega, 3 [E), M-MLV RT 5 X Buffer
(Promega, #:[H), dNTP(Generay Biotech, [H),
Rnasefliil ) (Promega, 3% ), M-MLVi¥i # 3% i
(Promega, £[), Master Mix(KAR A 7)), DNA
Ladder(KHR /A wl); Western blotik 7l]: & 25 142
Bt (Applygen, S [), SUMO-1—Hi(f % 7
BB, Abzoom, F2[H), B-actin—PL(RZ W lE
Piifk, Santa Cruz, 3 [H), B AL YIBEARIC
Streptavidin(Beyotime, & [H).

1.2 7

1.2.1 AR 4 LKL A2 (n = 50)
FIxt 2@ = 40), FAIZH25T40% CCl, 3 pl/g
BERVESE, 0 TIERE2. 4. 64 8. 10, 12
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wkALSESIY), FERARAE6 L, IR R TP AET 14
H(6 wkINFET-2 I, i s Ar ki o, 8 wk
INFET3H, A B B & GL M AL, 10 wkIbf
SET3 H, HHEALIEKTTAE, 12 wkiNZET-6 X, B
T4k IS /K T BE). % HEAL4h T 45 AR B AR K, 43
Sl AEAH RIS TR) AR FE 30 ), BRI ALTE6 K, AR E
To4 . SRR RS 20 B 5 A H em X 1 em
X1 cmfF41212:40 /L k22 o F s ] 5 Jm 47
Jod BT, 80 R A U RUE R A e AT I
- SR W HE I N (RT-PCR)KS I AT Western blot
LioRR
1.2.2 AR 9B 2L 3 100 g/L T s [ 2 (K T4 2,
A, HIES wmb)Fr, WS, B LKA,
PBSHYE, WeigertBk 93 R ZE (45 min, 7K, 7%
WRRR -V B 21 Je62-5 min, RJF /KL, LW
b, oK, &, £
1.2.3 RT-PCR#& M SUMO-1 mRNA & A : fF4H40
ERNA LT RIzo BRI G 8 E 30 W 2EAT,
SUMO-1_L3i#5 4 4 5'-AGGAGGCAAAACCTT
CAACT-3", Fi5|4% 45 -TTCTTCCTCCATTCC
CAGTT-3', # HiDNA Jy BL K/ 4245 bp. B-actin:
5149 4 5-ACACTGTGCCCATCTACGAGG
3, RSN S -AGGGGCCGGACTCGTCAT
ACT-3', #HDNA T B K/ R621 bp. KNV
LT, BUSRNA 5 ug, /EM-MLV % SR
M P 5k cDNA, LA B, 40 aliE LT
FAFHATPCRIZ Y, FHESUMO-1451F: 94 CA
PE1 min, 51 ‘CiB k45 s, 72 "CHEAH1 min, 30ME
IR, #0572 CHEMHT min. ¥ HB-actin£c 1 94 C
Ag 1 min, 52 ‘CiB k45 s, 72 ‘CHEAH1 min, 307
FEIR, 50572 “CHEANT min. PCRIZ N =45 uLAE
1.5%B IRbi e e k30 min(80 V)L 4Bt
BURAEEIG, LAB-actin Jy L4k, Y- 44T, R
DAY 188 H (8 Fr B 5 B-actinff 2K FE HAl £ 7R T
SR H R DR B IR AR Ak 7K
1.2.4 Western blottm| & & 69 &k $#44r T il
ERAETR T U5, FH A B a0 4 & o B JH 20 21
VT VPR S, 2 S W G £ 0 A R B
W FFER 250 pg. 12%MSDSPAGERE K HL
UK. ETAEZR BN B, 1S MK BLE 5% i i Wy
TBSTHWE I 1L/ RSUMO-141144 C
R, B A YR P, AR
A B0, L8t 2. ERERM. &
H 320 AR R G4 o0 B #E 8 1 4k, DAL
IR FEARAE Ay #1238 IR AR K-

St RS SASG R gEt

AT B 5
SUMO-12 % %5
FF &F 4 fe 8 & &
WA FZ—, ™
BT A A S
F BT A et ny
R T, TR
SUMO-1&ik 69 £
AR 5 5 e e sk
R B A A
RN ETEZRA.
i iE FFSUMO-1
2T A KA R
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A X ART-PCR
#Western blot
o 77 ik BB
BT 4F 4 Ao ik R it
A2 P A 4 &P
SUMO-1k ik ¥
WEN, 2 EE
FF4F 44l R & 84
THEX &R

1 KEFIFELLRESIFEMHE x 40). A: IEH2H; B: #RIZH2 wk; C: #5204 wk; D: #8206 wk; E: fI2H8 wk; F: 17

ZH10 wk; G: 7212 wk.

ST, Z AR 7 2250, Wi ELEER
LSD-#£ 36, P<0.05 0 Z R it 22 X

2 BR

2.1 KRR UELLLR )R 2 A4 IE K RUTFIIE A
R L SR Gy, 0 B K R T R G A B K
Ji, TR BRI TE R K BUHIE 2, 40 RS
$E55, TR, T4 B Ak, A& W
BT YE(EI1A). 2 wkiF, w] WS T R, T

MMIINFE, FF SR A L8, 28041 <
BREEAR I, VA X4 R M40 i (K 1B). 4
wkIN A0 I BRPEAR B S, DL AT KL PEIRBE,
I R YA DX N ORI L, A AN IR, 2T 4[]
MaTF U TE R, A VFEF4E R (K 1C), 6 wkiif
AT YE ARG 2 2T 4k 1) B 5 (] 1D).
8 wkINr, W WA X 4% ARG (2T 2k 1) JH /s i
DA J, TR o RN, 37 4 1) B % R BH
W(E1E). 10 wkn] WL X 45 RAR Gt 2 4l
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BiSHE, &, SUMO- 1735 K SRAT A 4IRS =2 0PV E R 1425
1 2 3 4 56 7 8 | PG X4

FRAIZH SUMO-1: iz
SUMO-1 245 bp W ]
XA (SUMO) % 2 &
SUMO- 2450p  4yp RT-PCRESSR Wesfern blotisge ~ (Ubiquitin) X%
SR CEE Sk
2 wk 0.714 +0.005 0.716 +0.059 e EMEEL
— A EE R
2 SUMO-TERERNIEBEABE. 1: Marker; 2: IEHH; 4wk CHEED = HTE UhpeEe=0.07 WiEE ﬁﬂiﬁ};{_
3: 2 wk; 4: 4 wk; 5: 6 wk; 6: 8 wk; 7: 10 wk; 8: 12 wk. 6 wk 0.709+0.008 0.750 +0.061 SUMO4L #5 # 1%
8 wk 0.711 +0.006 0.749 + 0.054 B G R P A
10 wk 0.713 £0.006 0.763 £0.048 AL miet A
g 12 wk 0.724+0.007 0.763+0.052 MoAramd
SUMO-1 " ii, ’)I(U*Xla%)'f\ 13
il T, M)
KA 2 wk 0.725 +0.017° 0.810+0.059 BRI AL A A
SUMO-1 5 %A%, SUMO-1

4 wk 0.786 +0.018 0.873 +0.049 e
B-actin 5 rERORE %
6 wk 0.803 +0.023 0.923 +0.055 & k2 14 48 £
8 wk 0.831 +0.020° 0.959 + 0.032 R, AEEEY

5 > VA 2 . oH. 9. . 2.
3 SUMO-1ZBRIFKEAEHBAE. 1: EHAL 2: 2 wk; 3: 10 wk 0863+0016° 098840011 Eizgm a5,
k; 4: k; 5: k; 6: 10 wk; 7: 12 wk. % = WA
ke A0 ks 5B wis 6 10 wis 7 12w 12 wk 0.892 +0.008" 0.998 +0.004 %&Z?ﬁﬁ;i
2 & 2
Azt e,

KRZ, AT R, A 45T, T/
B(ETF). 12 wkif, 7] WICE X 4 gAR G (e 4
W2, TEREAT 4R, S AL B8 (K 1G),
[Fi] — B[] RN AR AR R Y — 3

2.2 BB mRNAK K HIIRT-PCRY 4 H K J&F
“h245 bplfISUMO-1 cDNAF B, 5 1EH Aot i
KA EL, SS9 CCl, 2 wk)F, SUMO-13E A #4
SR 52 BRI 5 F M T 5, 4 whHZRIA B
B, S8R Ik W . 212 wkleoi, iR P LR
JK X HE 2L i N (1) 326 184 2 05 TG W) S M 0. 5B
BOKE A FIB-actin b5 55 B AL LA, 25
BEVE(ER), a2 wki kg, 25
o AR R G A 254 wicH: & KA A ) b
i, 25547 B TE(F = 72.346, P<0.01, #1).
2.3 Western blot# il &40 20 % & ¢ kA 1EW M
XA K B SUMO-1 G W] i ik, A 431
17 000 Dakb ok WL 4547, BB 20 K B2 T e
SICCl, 2 wkim, AHXS 71517 000 Dadb A W
B4, B I RERIA, H S CCL, 4 wkH,
o inm, fr RIS — DR, 8 wkiE 4T
WgE, HRARIE TR, R/, B4,
TR IE Fe i, 1T A B R KOG 2 Bl R ()
TG 158 (18]3). SUMO-1f Western blot -
BOK A FIB-actin b (5 55 AL LA, 2 f
BV, RS AN 2 wkiti b, 2R R
k. ABAERT R A 254 wikoEE & s K TR] 1 L g
o, ZE AT B EE = 25.671, P<0.01, £1).

3118
JIF T 4 A U995 DR A0 e Bl DL 2, 8 B A 7R 75
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°P<0.01 vs BTN ERNIIRAE.

PERF R %, 20%-30%12 PE 79 T B % 5 34
2 LR I P IR PR AT A A B AR AL AR P
] 5% DATE A v 25 00 FEZEW AL, L 60%-70%
e ] e o I REA. DG T T A5 A AR L R0
HPim e, EaER OO B N AN EY
B 2 AT A 2 — P AR R SE T AT O
MEMIE A FK R ISUMO-1HFMEM . ] 4%
Digemt iR 2. HEr e FLah i SuMo
KR4 SUMO-1. SUMO-2. SUMO-3!
SUMO-4. SUMO-1 HAT I 5 3L FRFtE: Caiy
WA — A ) S F 1R 5 HH i, {HLAS [R]SUMO 28 2k
TR 75 FE AR Y, SUMO-14E48 0 th =N
s, SHEaImiER, 5 EAnSE
P12 A AR EAE 4 B 8 (1 AE 4 L P 16
Gy AT. H R SO R  d BEAG vZ 3 6 B R
LA, P2 m RS e k. Ak, SUMO-1
2 DN AWM 5 LA R I s i 45 3o R
SUMOAL et AT 5 1 B nte e, 25 i
W — RINEF AR, s, 551k,
S R SR 4%, DA BE DR Rk 1 R 8 4. I AR
FLUESESUMOZ: 5 T i S A0 W g A4 35 5 W00
4K (peroxisome proliferator-activated receptor,
PPAR)-y. 1%¥ %K ¥ (nuclear transcription
factor, NF)-kB 5 TGF-B 145 18 i ()15 5 4% .

JH £ 4 A 7 — DA% P s 00 3 5] 5 2 R
fitlh, LSS A R B 5T N I A i A7
(extracellular matrix, ECM)& il FF#fE-5 0T
AN 1 5 R P05 B R, A T 4T 4 Ak ) R
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;gﬁz“ﬁl‘i% dh, FEREPIAIM S AN M. M SR SRS IVARIRENS (R HE AR SRR E
7188 AR AT

ke, 4R
T, A-RS
ERUNS

RNV R Ao S AR (AR B, 4 i i VF 2
FEDA (1 Bl iR A S i o, IR 40 M g
PE IRIE, SERE AN MR, A0 R 1R 3L
KR Z b 4 g A0S o ek B 7 AR TR S 2
R FEAR ALY, Miyahara2: "k B PPAR-y ik 7E
AERFITF A2 IR 41 i (hepatic stellate cell, HSC)#f &
AR E AR, SRR, 1T 5 R
SHSCIGHBERE ) FL H K 2. HSCUi Ak 1k
KIEECMPIMLE], —J7 v fEH L5 . 40
Feat B % 5 —J7 T g5 AN HS CA ik
ECMIIRE 138 oAy O¢. PRI B £F 44697 &
FEAETPAERIH I E SERE, S0 HIHSC IR R A=
ISP T, U IEECMIT) %, HSCR: 2
55 Z 0 R ) A0 g, HSC 35 AL 1A 5 2 I &1 4
PR AN O FRT, IEIHSCH4E, 7 531
VAT R PUET Ak 1 2 S U,

SRS 5 2 WH S UM O- 1 5 DR 76 i i
S JFF 38 20 g 2 1T 9 55 2 2L R SR I
AWFFEE M EESUMO-1LE K T 4T 4l 7
H R R IE TS, LURTTSUMO- 16 T 4E 1L 1
YEH.

H AT IA AT H S CHOE A2 2T 4EA T B O 8.
IR, HSCHI LA Ak A WLET 4 BE4 i, 4y
AR 1R e S 1 S SO 28 4 Ak S 4. HSC
(RIS 52 22 T 40 LA - 1A 5% i, TGF-B1nf LU
o BRI ) 323 40 0 LS C IR B A 3o o b Sk
(R, 2 H A e i f L (R H S C R
N2~ FEIEH UL, TGF-p15 HAb 4l
JH DR A Ak el 0 PR S, [ R
I A RS OB, R ERA F, TGF-B1 AT il
ECM/™ A=, /b HLREAR, INIMAFECMAE JH K &
VU EULF 4iAb. {E T 2T 44k 58 RO T £F i1k
SRR A AT WWTGE-p1 mRN AR IR K -1
M A7 528 % W, TGF-B1ilid TGF-B1/Smadfs
SN T R SR (I FRIAAT RN

TGF-B 1 b Smad Bk, BERE 1K
Smad/1) 7515551 T B 7 5 55 5 A 53 S R 5 2R A
Je HENANAZ, R RSB R PR S, S
Mok, REERE L TGF--SmadZ 5
TR RSO0V 4T i Ab i T RS R R, H oGk
1553 1 IR IR SR A &N P JH 0340 12 el JH 28
YA LS. e EHS LN, JEE1E R
WU AT 4E £ (myofibroblast-likecell, MFLC), S
WAL HS CIe 4, ZEHS CHitb FIHRIFEECMIT)
HRAG YO, EEAR T AR T g J5Ufn

Miyazono®5" B 45 HISUMO-1 1] LU it &
MiTGF-B1, MIMIEHRTGF-B1¥I15E 514 F; Kang
2P 5 HH SUMO- 1B TGF-B1 S TGF-p2i &
HW, B E A WAER T-Smad3, Sk i
TGF-B1H1E; Imoto " NIHF5T HHSUMO-114
MiSmad, HEMtBIE5R T TGF-BUNHIT£F 44k
HEVEH].

MM AT AL A K R F(platele derived growth
factor, PDGF)T 4F- K K L PDGF H] LA ik Tto 41 /i
DNA& A, G R, TGF-Brl insiix
FiE. HS2 40, K&t JPDGFRIHS Cs
A, AR AT AR REAN 0, JLET A% RESH o
B BCK B 40 M AN IR TR 4 R S, Rk
JH-ET Ak R A2 PDGFRESE (21 LEF 4E R BE4H i
PR IR, U T A R I i), PDGFl i
VA 2R 4 e R T S 00 o e s 4
LAYk 2> 20 fifa 4035 i 11 B2 22!

P D G F ¥ i% 1) /2 22 24 J5U35 46 3R 1 i
(mitogen-activated protein kinase, MAPK){5 5 &
%, fUSINK. ERKFIP38. INKFIERKI&ZM
HOE R SHSCHATE, P38 WIFIHIHS C 4.
PI32Kf5 52 4EPDGF % 3 MHS Ci ki i v
WA IS, FEAKCRIP7OULEHT ML I, 517
HSCHAFE Rk 220 5] 2,

Reigstad Pt R BISUMO-11] LUK &
BHPDGF, ¥ IIPDGFIZRIEL. 41K 14 M4
TGF-B/Smadifi . MAPKIEH; . PI23KIM# .
JAK/STATE 5l 4. Wntf5 5% . NF-xB
{5510 Rho-ROCKAF Tl Vitmin A
15 5 000 B A2 N T U0 5 s 25 A 41 i,
Aol DR T 5. AN (] D] 2% 8 R 11 JH 4 4 4 2R
S 03 AN TR B, 15 5 38 2% (9 4 F AT REAS
[, U p38MAPK A 5% Sl i ]
REE L SHSCHITL . H0H, (EREHFIE K.
SUMO- 138 1% §NF-kB p100£7 SRk, MM
NF-xB# i 5=,

AWFFCRIL, 1EH K EIFESUMO-1 mRNA
Tkl 3g B vE, Hara Rk h 59k, Ui
HISUMO-1mRNAZKIA K 5 1 f 3 ok f
B AN BAC I K, FFBE & H 2T 4E A R,
SUMO-1 mRNAZRKIAZ TR, Western blotli:
NI AR IAE FImRNA R L — 21, /2%
i, YLHSUMO-12 5 T 414k [ 7R

B2, SUMO-1IZRIETE A 44k [T B A
St R P R AR KA. SUMO-1] figiii i
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KM TGF-B1LL A PDGF Rk, M {e ik
HSCIRISEFEANEA, (o h KR s, JFo
/U J2 Ji 5 gt T - B R R i S i AR, R
AR HERT T 4L VE . B 42 R 48 SN F -« Bl
IR, FEUHLA4L 4. R ZSUMO-1
JETGF-B1 A H A A5 ot A A PR 1 52 Ak f) T BB A
7, SUMO-1H: 48 m] S i FoAth 1) A K R 7,
YEFFH A A RS Ik, AN T TR A S AT AL
S SR A R Rk R R, an RS oy 1 A
F-BAHISUMO-112RIE, FA 1 fe sk JH- 414
I X —1897 FB
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