Chistatolst Waleta|z| 21322 Al2s

Herbal Formula Science

2024:32(2):141~153,

pISSN 1229-1218, elSSN 2288-5641 https://doi.org/10.14374/HFS.2024.32.2.141

Official Journal of The Korean Medicine Society For The Herbal Formula Study HFS
Available at http://www.formulastudy.com

Original Article / 9%

iz g4 5589 TGF-B8/Smad A= AIE &3 A3 JdAas

FAR, wpgoll, Gesp, g

¢

| Iy pgrol et arolutesl, 2ejparolhat Aok sk} |

Ephedra has anti-fibrogenic effects by inhibiting the TGF8/Smad
pathway in LX-2 cells
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ABSTRACT

Objective : Ephedrae Herba (Ephedra) has been frequently used in the East Asian traditional medicine including Korea,
China and Japan in the clinical treatment of asthma, cold and influenza etc. This study was performed to explore
an anti-fibrogenic potential of Ephedra Herba water extract (EHE) using immortalized human hepatic stellate cell
line, LX-2 cells.

Methods : We examined the anti-fibrogenic effects of EHE on canonical pathway of transforming growth factor-B1
(TGF-B1) signaling in LX-2 cells. Cell viability was measured using the MTT assay. mRNA levels were detected by
real-time PCR. Proteins expression were detected by Western blot.

Results : Treatment of EHE 30 pg/ml did not show any cytotoxicity on LX-2 cells. Pre-treatment of EHE (30 pg/mL)
significantly inhibited a-smooth muscle actin expression induced by TGF-81. Additionally, EHE significantly decreased
Smad2 and Smad3 phosphorylations, Smad binding element-driven luciferase activity and plasminogen activator
inhibitor type 1 expression by TGF-81. Furthermore, increases of matrix metalloproteinases 2 genes by TGFB1 was
also attenuated by EHE treatment.

Conclusion : These results suggest that EHE has an ability to suppress fibrogenic process in activated HSC via
inhibition of TGF-B1-TGFBR mediated canonical (Smad dependent) pathway.
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I. A=

fii# (Ephedrae Herba)2 fiiggdtell &3t ofdAy
ZEQ el 2BE UXI Zow, EEIRSHH,
FERERE O RRS = ASHH,  BHFRER,  TRETRES,

BUBAM, FIAGK, BEILSH: 8502 (B, EERENT,
W ER,  EBRN, KERC,  KERE
A, IR fEES GREEE oM mwW, %,
@2l HEel o mgE o] FeE A,

gl et d7RE fiEel AEdY,
A A ALl et A7 gl Hlgke] wRE A8
FREE Ao gigt A0, g AA gk dig
A prEt Aol PR AF?, mray vEd
HEe] A+ So] Hugo] 9lom fEo] HighH
HEel digt dAFRE mEsy 34 AEg?
FREM FIB S BT TEA AFESY, EiE
AEPA®, frEY Ak e HEwea” o
A sy pefg 18T HTk2 A 9 wjgkzd 7] Ao
gt AP, mE—Mmy 120, BEiSE 2
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EIHESISRRET  COVID-19 24 A2,
WRARENK - REES®R B8 g2 ug?,
S - HEAERT FAFY,  FEEN ST
SPEGY,  fEE, AZE,  EE BYSEES
A&AAFAHY, &k, AE  EdEY "

ERE SRR S 294 F5n)®, fiol
RS 10fE AW nitric oxide A &I Sol
R Qi B3F it dRlE kel et
T3 QPAAY, W AFolAM i 2
HAAY, SDA AXE AHETH Fik
AFEA =4 A A7, SDA AFoIM  fEk
FEE olgA4 AT B4 AP a7 To] RuEct
Jevt fRgEet MGkl Bet A g QloflA] oFF
g = gich

Hdaslole ZHEAME  (hepatic  stellate  cells
HSO7F A A4S ofm, HSC7h 2443t=
a-smooth muscle actin (¢ -SMA)I} 72 {219
eS8 Seubsto] Al e)7) 2] M& 9 matrix stiffness<)
Z712 olojWty?. HSCO| gAdstel 1 weie] 2
Q1= TGF-p 122, TGF- 412 TGF- 4 484 vl

canonical (Smad dependent) pathway%} non—canonical
(Smad independent) signaling pathway& 3l quiescent
HSC7F o ~SMAZ #@sH: activated HSC7F HTF,

B AdAoME GElpagimia> 2 AHEmR) ja
2w FRgEy ol A AAE R B BPRS B ol AlATE
HE] A T 13091F0] offE Ad H d
FE5te], TGF-glez 24%shd 1LX-2 A=A
plasminogen activator inhibitor-1 (PAI-1)2 western
blote=z 23ystitt. =, TGF-plo= 2/4std
LX-2 Az PAI-1EE  ofH] PAI-1  ZAE9]
0-20%%1 3% (+), 20-40%+= (++), 40-60%+= (+++),
6001/ (+++H) 2 Frlstylel. 1 Ay} s
3R 9749] FA7L (++++)E& RS

2 dFolMe f19 232 ARE 7|xE 5o
el THaRE oA 2 A= &eS BUKsH] $Is5te],
AdS St (MIGAHIRT fis
%, TGF-plez =9 Hfst
skt
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I. As 99y
1. AleF

A|3zaieFe] ® 83t Dulbecco’s modified Fagle medium
(DMEM), Williams' media E, fetal bovine serum (FBS),
penicillin—streptomycin, ~ L-glutamine>=  GibcoBRL
Germany)°llA 4oy, TGF-412
MN,  USA)°lA

(Fggenstein,
R&D  Systems  (Minneapolis,
TFA5HATE Anti-PAI-1, anti—phospho—Smad2
(p—Smad?2), anti-phospho—Smad3  (p—Smad3)
anti-Smad2/3 A2} horseradish peroxidase”t Z3HH
ozt &A= Cell Signaling Technology (Danvers, MA,
USA)olA Fdstalct.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
(MTT),  dimethylsulfoxide
(DMSOQ), anti— @ smooth muscle actin (¢ —SMA) 4],
anti- 8 —actin FA ¥ 7|} A|2FFE Sigma-Aldrich (St.
Louis, MO, USA)oA Lot

=]
=

tetrazolium  bromide
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—-20Colq Hesta, A3 A jipE FEE2 =

=0] 0.22 pm filter Millipore, MA, USA)Z o33t &
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=, LX-2 A2 (HSC; human Hepatic Stellate cel)+=
10%  FBS, 1%  penicillin-streptomycin, 1%
L-glutamines X3t DMEMofA]  vlieksty o,
+~HSC/Cl6 AlZx= FBS, A % L-glutamine©]
1=l Williams' media EZ AFESHe] 37C, 5% CO,
1A EjoFstry. LX-2  AHEE ujF  dish
29| 80% ol “ddsteS Wl FBS7F AgtE|A]
v A 2 wekste] SAIZE FoF 71 et
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uje} 715k
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4. NZREE 573

LX-2 AIZE 8 x 10" cells/well2 2535} 1-100
pg/mLe] EHES 24A17F 5t A28 & 0.5 mg/mLe]
MTT §la} 2A1%F "ESAIRTE A/dE formazang
DMSOZ &3lA1A 570 nmolAl microplate reader
(Infinite M200 pro, Tecan, Ménnedorf, Switzerland)&
olgsto] FFEE AT AR AEYEES
FA2] control AlZFol| thet MEER ESIT

A% 9 immunoblot EA

P EEEE
OFE Az] & A X2 A= radioimmnoprecipitation

buffer®} Halt protease and phosphatase inhibitor cocktail
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(Thermo Scientific, Rockford, IL, USA)& Sk lysis
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6, @lZH {FAA} 24

Smad binding element (SBE) miZll AL &4 &£4-&
sl @xEH  §HA pGL4.48[luc2p/SBE/Hygro]
(Promega, Madison, WI, USA)7} &4 =H Ax3g
~HSC/Cl6 AIZE o]gsto] oF2S AAT & AxE
passive lysis buffer (Promega)® -&35FAtt. Luciferase
Reporter Assay System™ kit (Promega)Z ©]-&35}o]
luciferase B2 S45t ol FE= HASEGIT

MV}

7. real-time PCR £4
AAZE PCR BEAL o] aAyy ¥ Fdgt
WHos, ofF AX & $7% LX-2 Al2=HFH TRIzol
reagent (Thermo Scientific)E ©]-85t% total RNA &
EZ5F9 L total RNA 2 pg)} d(T)i6 primer 2 AMV
A G4 (reverse transcriptase)S AFESIY] cDNA &
FAskATh. AAIZE PCR BA4S SYBR Ex Taq
(TaKaRa, Shiga, Japan)®} CFX96 Thermal Cycler
(Bio-Rad)E AHgste]  astalrt. Ao A8t
Primer &= Bioneer (Daejeon, Korea)ollAdl TAISIAT
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Table 1. Primer sequences used for RT-PCR analysis.

Product Sequence
PALI Sense 5’-TCGTCCAGCGGGATCTGA-3’
Antisense 5’-CCTGGTCATGTTGCCTTTC-3’
MMP2 Sense 5’-GTATTTGATGGCATCGCTCA-3’
Antisense 5’-CATTCCCTGCAAAGAACACA-3’
MMP9 Sense 5’-CACTGTCCACCCCTCAGAGC-3’
Antisense 5’-GCCACTTGTCGGCGATAAGG-3’
GAPDH Sense 5’-GAAGGTGAAGGTCGGAGTC-3’
Antisense 5’-GAAGATGGTGATGGGATTTC-3’
8. A HF 1. EHEZ} AZAEE] v|A]= 9F
Aol ATH 38 W A F mean £ SDE WA, AAMEFY LX2  AEOH  EHES)
dehglst 7 38 29 BAH GO4L one way  AESHE WS EHES 1-100 pg/mle] HEE
analysis of variance® AME3IFC AT 24X AAt T MIT assays Eolo] AZYZES

SAt7gol AdhstdS diolli= Tukey HSD test®
AHEoEal, SEAL THgol A-shA] ke AHfole
Dunnett testE ARSI A4 Fod HAAHS P <
0.05 E= P < 0.012 s}t

m. A3ddst

ZAstct LX-2 AlEo] 24A7F E<9te] EHE 1-30
pg/mla AT AL controlTe] H[Gl] GoJgt
Al AyE-go] \sks vehda] oo, EHE 100 p#g/mLs
]G A control (10000 + 3.529%) thH] 8147 +
1.52%2 olgt AEE/dE Yepiiolet. J=jna o]%9
A¥e EHEZF AZE54S YepiA] &= 30 pg/ml

ofste] sirolM st AAEHE BrIskH.

=y =
B o (= (=3 N
o o o o o

Cell viability (%)

N
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Control 1

10

30 100 EHE (ug/mL)

Fig. 1. Effect of Ephedrae Herba water extract (EHE) on LX-2 cell viability.

A Relative cell viability was assessed by MTT assay. LX-2 cells were serum—starved for 5 h and incubated with
different concentrations of EHE (1, 3, 10, 30, 100 pg/ml) for 24 h. Data represent mean + SD of three
independent experiments (Significant as compared to control, *p < 0.05; cell viability of LX-2 cells = 100%).

2. EHE7} Smad®] QUitste] vzl 9%
rHoz BY TGF-R1e TGF-8 487
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2 AFollA p-Smad2o] HEL> TGF-p1 A+ TGF-p1o] 23] oz HH p-Smadse] EZH
o= control (100 + 0.34) thH] 593 + 011812 92zt T&@LS Upebd 2 9= Smad 2&4S] (SBE)
o5 S7Kek e, EHE 30 pg/mLa-2 3.82 + promoter2 ZAE|E= luciferases FAA R THSIE=
0.84d2  TGF-p1A  oH]  fFot  #AAEF ~HSC/C16 MZo] EHE ¥ TGF-p1& A% F
yUehligltt. EHE 30 gg/mL ©HEAEe 1.04 =+ luciferase &4-& SAoIAE. TGF- B 14X 2AA&=
0.65812 #2142 ez ekoftt (Fig. 2A and B). 12.45 + 0.16H4Z control (1.00 + 0.11) ©H] luciferase

p~Smad39] WHL TGF-BIA-A|ZANAE 549 + o] f5tA F7Fstelem, EHE 10, 30 xg/mlLa-
0.4982 control (1.00 =+ 0.62) thHH] FoJ5HA Z¥ZF 1091 + 0.67, 7.92 £ 0.858]2 TGF- S 1A X+
Z7}stglom, EHE 30 pg/mLi-2 343 + 0.91H|& il folRt HAE yeEhligleh. EHE 30 pg/mL
TGF- B 1AA7 tHH] #9g AAE Uetfigitt. EHE GEA T2 2.37 + 0.39812 F7HE UERITH (Fig.
30 pg/mL FEAHIEZ 0.59 + 0.34u2 Fost 2D).

Z7Fe WeEbiA] skt (Fig. 2A and O).

(A) (B)
7 A
- *k
-— p_Smadz £ »
2
— —— p-Smad3 §§ 4
e e eeessem | Smad2/3 s
2 ]
Con - 10 30 30 EHE (ug/mL) 3
— TGF-g1 .
Control - 10 30 30 EHE (pg/mL)
_— TGF-B1
© (D)
7 14
*%k
- dedk 5 #
g 6 - 5 12
£ ] ]
% 5 “ § 10 s
S, )] S_ 8
%*—r 3 o w =~ 6
Q 2]
4 2 4 ¢ 4
s g
& 1 4 K 2
0 A 0
Control - 10 30 30 EHE (ug/mL) Control - 10 30 30 EHE (pg/mL)
_— —_— TGF-B1

TGF-g1

Fig. 2 Inhibitory effect of EHE on TGF-f1/Smad pathway.

A) The levels of TGF-f1 induced Smad phosphorylations were analyzed by western blot. Serum—starved LX-2 cells
were pre—treated with indicated concentrations of EHE (10, 30 xg/mL) for 1 h, then stimulated with the 5 ng/mL
of TGF-£1 for 1 h. Whole cell lysates were blotted. Smad2/3 was used as a loading control. B) and C) The relative
expression of p—Smad2 and p—Smad3 were quantified by densitometry scan. D) Recombinant ~HSC/C16 cells
which express pGL4.48 were incubated without or with different concentrations of EHE for 1 h followed by
stimulation with 5 ng/mL of TGF- 1 for 24 h. Relative luciferase activity compared with that in the controls is
shown. All data represent the means + SD of three independent experiments (**p < 0.01 compared with control
cells; ##p < 0.01, #p < 0.05 compared with TGF- 1 treated cells without EHE).
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3. EHE7} PAI-12] ¥do] u]X]= 4%

TGF-p1/Smad 720 24dst= Afstet wed
fA4e AAE ZFstel, TGF-ple Fa B4
RAAY PAF1E WY MRSt Age] Fa
FelQizfolet 0,

EHE 7} TGF-p1 E3
B7¥st7] fls PAI-1 9]
A5t

PAI-1 T o] »f TGF- 8 1 A2l A= 10.63
+ 0.85H12 control (1.00 + 0.22) thH] |-2ls5H

7 ol mA=

T}uly Z] mRNA

=

4> of
AN o
tlo o

=i
=~

O
-1

Z7Vetg.eH, EHE 30 pg/mL -2 6.09 + 0.48 Hj=Z
TGF- 1 AA7- ¥ o5 dAE Ueyeleh. EHE
30 pg/mL SEAZHES 093 £ 025812 Foft
S7HE UEAl ehgtrh(Fig. 3A).

PAI-1 mRNA 9] @2 TGF-p1 AR TolA=
4522 + 5.89 8i2 control (1.00 £ 0.25) thH] 52514
Z7¥slgew, EHE 10, 30 pg/mL 72 ZHZF 8.28 +
3.69, 1.33 + 1.04H]2 TGF-p1 A diy] f2J3t
AaE Yetigith EHE 30 pg/mL ©532w2 0.44

+ 01782 iRt 371 UehliA] edokth(Fig. 3B).
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K
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##

Relative PAI-1 mRNA level (fold)

10 30 30 EHE (pg/mL)

TGF-B1

Control

Fig. 3. Effect of EHE on TGF- 8 1-stimulated PAI-1 expression.
LX~-2 cells were pre—treated with indicated concentrations of EHE (10, 30 zg/mL) for 1 h, then stimulated with
the 5 ng/mL of TGF-81 for (A) 24 h, (B) 6 h. A The expression of TGF- £ l-induced PAI-1 was analyzed by

western blot. Relative expression of PAI-1 was quantified by densitometry scan, S -actin was used as a loading

control. (B) PAI-1 mRNA expression in the cells was measured using real-time quantitative RT-PCR. Results are

expressed as the mean * SD of three independent experiments. (**p < 0.01 compared with control cells; ##p <
0.01, compared with TGF-£1 treated cells without EHE)

4. EHE7} a-SMA®] &9 w|2l= FF

TGF-£12 A7 HSCAA a-SMA TS H
steg 2 TGF-p1 28 =9 o-SMA Tdo] tigt

EHE 9] a3 AmHg)r}
Western blotting 23}, a« -SMA 9] ¥#d-2 TGF-51
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| a-SMA

| | ———

12 4
§ *%
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°
3
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£
[}
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5 6
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=
o 44
3
[
2
E 21
°
o

0 +

Control - 10 30

| B-Actin

30 EHE (pg/mL)
TGF-1

Fig. 4. Effect of EHE on TGF- 8 1-induced @-SMA expression.

The expression of TGF-f 1-stimulated @ ~SMA was analyzed by western blot. Serum—starved cells were incubated
in the presence of EHE at concentrations (10, 30 zg/mL) for 1 h, then treated with 5 ng/mL of TGF-41 for 24
h. B -—actin was used as a loading control. Data represent the means +
< 0.01 compared with control cells; ##p < 0.01 compared with TGF- 1 treated cells without EHE)

5. EHEZ} MMPs9] 2o u]x: 93

MMP29}  MMP9&  7HdQstollA]  Z7te|o*),
TGF-£1, IL-18 2 TNF-ao] <5 Z/pacH.
EHE7} TGF-81 EA 8% shbel MMPe

3o nxe IS AAZF PCRE HEAGHT
MMP2 mRNAQ] @& TGF- B 14 #]#ol A+ 3.63
0.358]2 control (1.00 *= 0.12) o] {-25HA

+
Z7lskdew, EHE 10, 30 pg/mLa-2 ZHzF 1.15 +

SD of three independent experiments (**p

ZAE YeR AT EHE 30 gg/mL S-S54 22 0.04
+ 0.02442 {23t AAE Uet et Fig. 5A). MMP9
mRNAZ2] A2 TGF-B1IA-AToA = 141 =
1472 Z7FEF. 24, control (1.00 £ 1.11) tThH]
940l glglen, EHE 10, 30 pg/mlLa2 27+ 0.41
+ 039, 011 =+ 0.1282 TGF-B1AX thH]
A2 FE UerEsloy, foidol glglen, EHE 30

pg/mL S=AE72 0.10 £

0.0981= ZAa

she e

0.59, 0.15 = 0.07¥%2 TGF-pB 1A%+ i8] §-2ojst e ITH(Fig. 5B).
A) B)
*%

4 - 34

s =
g 3.5 1 E 25

T 3 =

3 : 2
2.5 - =
2 <

['a 4

£ 2 ## £ 1.5

N [=2]

S 151 z )
s s
g 17 g

£ £ 054
o 0.5 ## ©
['4 4

0 - 0 -

Control - 10 30 30 EHE (pg/mL) Control 10 30 30 .E:E f}”ﬁ’m”
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Fig. 5. Inhibitory effect of EHE on the TGF- 8 1-induced MMP2 and 9 gene expressions.
LX-2 cells were pre—treated with indicated concentrations of EHE (10, 30 xg/mL) for 1 h, then stimulated with
the 5 ng/mL of TGF-£1 for 6 h. Real-time PCR analysis was used to detect the expression of (A) MMP2 and

(B) MMP9. All data represent the means + SD of three independent experiments

(**

p < 0.01 compared with

control cells; ##p < 0.01 compared with TGF— 81 treated cells without EHE)
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484, fibrillar collagen @ @ -smooth muscle actin

(a-SMA)I} 22 {79 F@S FHtste] ECM9)
A2 9 matrix stiffness®] 2712 o]o]HTP440

HSCe] &A3t= thafet fglo= s 4= Qle=d,
st &5 HCV 74, cholestasis, tAFES T 5ol A
AR 4= ik, &, A o= Qg 247 9
TGF- 41, TNF-«a, FGF, IGF So°] HSC9 ZAs=
g 4 om, E3F Kupffer cell @ T-celloA
EH|EE 2447, IL-6, IFN-y, TGF-81, TNF-a,
IGF, EdAZoA EH|EE= TNF-a, endothelin—1,
PDGF 5% HSCO| @4sts = & Aok,

a3y, olF MRSl o] P TEAde]l E
olz}= TGF-p 1o]ct. TGF-p51& TGF-5
484 (TGFBR) ofj 7H canonical pathway<}t

non—canonical signaling pathways 539l quiescent
HSC7F a -SMAE 2d5H= activated HSC7F H)11 o] =
myofibroblast—like cells (ZA-FOMIZE FAF A=
B9 (transdifferentiation) BT, TGF- 3 signaling
Bed BolA IHIR3HERE ofuel, kidney, heart,
lung SoIME AReE XSt 44 AT .

dutd oz &4 TGF-p+ TGF-£ 484 typel
(TGF-BRI1)& <Aialsl= TGF-4 484 typel
(TGF-pBR 1)t ZdsH=d], Smad dependent 2=,
ZA5lE TGF- BR1S  receptor—associated  Smads
(R-Smads)¢! Smad2¥ Smad3¢e] C-terminal serine
residueE Q1485 R-Smads= TGF- R 025 H
Ea| 5o Smad (Co-Smad) Smad4<}
heterotrimeric complexS @Aste] oz ALt
co—activator®} T ARz} Agste] G35}
THAFHEAe] HAALE Fgit, ]9 inhibitory Smad
(I-Smad)2 &2+ Smad72 Smad2/37} TGF-BR 13
glof AdHer  Zgste] TGF-/Smad

common

N
ZE I

signaling®]l negative feedback?l-8-& Sty TGF-g8
A& 4]  Smad independent HZE  Smad
dependent ZAZ¢t= E7] Smadet AFgle]l Rho,

PI3K/Akt, Grb2/SOS A5 ML xgstal Qopd4?,
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2 A E miFE =558 MMM
FA/3t 85 TGF-p ASHZ] Smad dependent
A2E 952 Araan

WA, ZPFHEF LX-2  AZo|H  EHE]

MEEALS Hrletgler, EHE 100 zg/mLS A*|§t
A= Fott AlEEAdS Uedlo], EHEZF AlZs/dS
UERA] e 30 pg/mL olste] Fkold 2 A5
Zlegsteint.

dutzoz A TGF-p1 AaAZ2  Smad29}
Smad3E I4tEket, I4FetE Smad2/3& A3 #H
QAR AAES fEsky, ECME 2A3FY. Smad
AARIZLY] BH{A m2RE Joo] A E ol
olgt mAH fHAe] WId o Smad EA
QEE SeHtElE, TGF-41 Aol QJsixe A=
el A Smad39t Smad2 37 & QUStE= Aoz
BAFAPY. B A= TGF-glo  2lsf
p—Smad29} p-Smad39] H&o] {FosHA F7HEIIA,
l < 2% EHE 30 pg/mLe] A2 oJsf {25t
5ttt TGF- £ 1/Smad Ao A Smad E2F2]

FUl

>

._J_.

DNA 2%l g B2 4214 H@5S AE 5 I
Smad Z2¥QY (BDES WS PEH A

+~HSC/Cl6 Alxo] Z<lsted EHE ¥ TGF-81&

AAG 5 SBE @lmE 44 R4S Sag 2w,
TGF-$12 SBE luciferase®] &A4S <IA5HI
S7H#RAL, EHE A 2= SBE luciferase /42
HaAZAH.

T3, TGF-B1/Smad Ao sl= A9sie}
wE {479 HAE 2dshH, TGF-p19] T8
FEA 57421 Plasminogen activator inhibitor type 1

(PAI-1) T ARt dgko] Fa QIQlo|ct 040,
PAI-1-2 plasminogen activators (PAs; uPA and tPA)9]

T8  AYstd  AAAlelw  TGF-p19  JFS
B2 PAI-1 9] $22 HGA AgA 85k
37k, ARsh YAl PAI-12 MMP A&
apsta, A4 83l (fibrinolysis)e] A F3
fibrin o] A& JF7HA ECM 9] HollE Aot
ARIE A8 Y, BE b AAE, AdaE 2
e Ziote 543 #HH4YEd AY Es

H

g

i

1_

Il ML F7hEet . AMAE EHE 30
pg/mL - PAI-1 ©hldo] Wrd-S TGF- 81 A2+
dy] 573%5F02 TAAZF o™, PAI-1 mRNA 9
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Hd2 control £F02 HAAZTE

TGF-p12 <% HSCA oa-SMA WIS
FERITH 2, HSC & gAetsA] gk AvhaQl 9ol
adipocyte (PPAR-7y, SREBP-Ic, leptin 5)¢ E4<&

etz 2443tE 49 myogenic  marker 2,

a—SMA, c—myb, myocyte enhancer factor-2 5

UEER, «-SMA & A3} mpA F shpoldh %),
rxZA a-SMA 7 TEEW, o= HSC7t
FAaIs D, 7ASE S Ae S olujgt S, B
A0 ¢-SMA 9A] EHE 30 ug/mL 2ol §lsHA]

#HAEH. olegt Ai= EHE 7} IHdR-3ke] Ao
ogts vEhdoh

2/4std HSCe= oge] ECMe& ¥Esha, ECM2
matrix metallopeptidases (MMPs)9]| oJs}od

degradation®t}. 124 HSC7} A71H o2 SAsteH
MMPs®] 2z (dysregulated expression)2 =5}
ABH o g 1Eg ECM accumulationo] Lot
Q17ke] MMPE 71% (substrate) S0]47 54
NEoR 65oR ERHC
J502 MMP-1, -8, —137} old] st = wig=
stromelysins I&522 MMP-3, -10, -11, -179]
Qo Al ARZE gelatinases 1522 MMP-2, -9,
Y] HAE= matrilysins 1522 MMP-7, -260]H, thAl
HA= membrane—type MMPs I1FS=Z MMP-14,

A WHAE  collagenases

-15, -16, =17, —24, -25°] SF=H, oA WHA=
18 e R MMP-12, -19, -20, -21, -22, -23
(=23A%} 23B), 27, —280] St T,

o]%, W 7HEArOl A MMP-1, -3, -19%= 4838}
dE she ZAeE HIEY SUE 6}1“&58),
MMP-28} MMP-9& ZHdqstoflA SVt Zlo=z
HUED glom, MMP-2& ghgupo]gAA 7&?“3,

7Hd38}, IRI (ischemia and reperfusion injury), RE
aAe] I M3, "HEHAE, HCColA Hdo]
Z7}Es, MMP-92 IRI, 7Hd-83}, stage CO] <=4
1733}, HCColA Hdo] F7h=w, T3 MMP-9&
HSC9] apoptosisE  frestx, o] &5 HolE
ZAs7E . B ol MMP2 mRNA9|
TE2 EHEZF  foskAl  faAzled, MMP-9
mRNA®]  @de  EHEZL  #AA7e A3

UeErigley, o489 205 HeiAs gt
olgst ZAyt:= EHEZF TGF-p12 &A%+ Smad
ol A4 Samde] ABHE AAloto] 7to

o=
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dAellAl= TGF-B1/SmadZ2e] izt EHE®]

Hrtet Aol2 2 FF, Smad independentd 2
! in vivodT-E F5te] EHES] g frataitel diste]
o] AR o] e o] gl e, & A=
Aok fiFesEeo] (H/dAZA FHRetasS
Wt X[ x0] Hu 24 T on|7} Q.

=

4 FEE (EHB)e] 134
2)olA TGF-p 1] °Igt Smad dependent

VAGAR FER S Folol DHAAE

Brhsto] ket 22 AoE Ao,

2 AFME uhR}
AES (LX
A A g

S A&

AT

1]
=~
YA

e =

AEANA Af3te] mAS
o5 olAlstaon, =g
A 57491 PAI-1E oI5

a—-SMAZ9]
TGF- 519
A5t

g de FEES
MMP-2 mRNA9] &S

PAI-1 mRNA¢| 4

Folsh FaA

=il
=
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