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Renal impairment induced by environmental cadmium exposure: Role of TGF-B1/Smad3 and
related microRNAs LE/ Li-jian, KANG Hui, GUO Jian-yong, SHI Xiu-jing, ZHANG Zhen, GAO Yuan-
yuan, ZHANG Guo-yan (Department of Epidemiology, School of Public Health, Shanxi Medical
University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Cadmium is a major environmental pollutant, and can induce damage to human
health at low levels. Kidney is one of the target organs of cadmium. However, the mechanism of
renal impairment caused by cadmium exposure is not clear yet.

[Objective] This study is designed to evaluate the relationship of low-level environmental
cadmium exposure with plasma transforming growth factor (TGF)-B1/Smad3, related microRNAs
(miRNA), and kidney injury.

[Methods] A total of 223 community residents from a village irrigated with cadmium polluted
water were selected as exposed group, and 237 community residents from a village 32 km away
from the polluted area and not irrigated with cadmium polluted water were selected as control
group. A face-to-face questionnaire survey was conducted to collect general information of the
residents from cadmium polluted and non-polluted areas. Fasting venous blood samples were
collected to detect plasma TGF-B1 and Smad3, and urinary samples were also collected to detect
urinary N-acetyl-beta-D-glucosaminidase (UNAG), albumin (UALB), kidney injury molecule-1
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(UKim-1), and cadmium. The associations among urinary cadmium, plasma TGF-B1/Smad3, and kidney injury were analyzed. The
expressions of miRNAs between cadmium exposure with kidney damage group and control group were compared by 1:1 matched case-
control design.

[Results] The urinary cadmium level of the exposed group (1.06 ug/g, adjusted by urinary creatinine, thereafter) was higher than that
of the control group (0.74 ug/g) (P<0.001). Compared with the control group, the levels of plasma TGF-B1, plasma Smad3, UNAG, and
UALB were significantly higher in the exposed group (P<0.05). With the increasing of age, the levels of UNAG and UALB in the exposed
group and the levels of UNAG and UKim-1 in the control group increased significantly (Pyena<0.01). The Pearson correlation analysis
results showed that plasma TGF-B1 had a positive correlation with UNAG and plasma Smad3 (r=0.133, P<0.001; r=0.091, P<0.05). The
regression analysis results showed that urinary cadmium was closely associated with UNAG (b=0.285, 95%CI: 0.076-0.494), UALB (b=0.738,
95%Cl: 0.385-1.092), and UKim-1 (b=0.038, 95%Cl: 0.014-0.062). The expression levels of miRNA-21, miRNA-192, and miRNA-126 were
higher in the cadmium exposure and kidney damage group than those of the control group.

[Conclusion] The levels of peripheral blood TGF-f1 and Smad3 are increased among the participants with low-level environmental
exposure to cadmium. The increasing expression levels of miRNA-21, miRNA-192, and miRNA-126 might be involved in the renal

impairment associated with cadmium exposure.

Keywords: cadmium exposure; transforming growth factor-1; Smad3; microRNA; renal impairment
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Bal, IS SHERENERARBRER RS
KT INEMNRE, KENARIELERSEEIE4HE
ERERFHI. WERT™ENSHIER. #HAER
1R 1/3 BT DR/ NE R4, B EE /N
EHIENTHEERERS, K72 FEBREIARIAER
Zz—, KEEFENRREETEISHRMENE
INREIARIER N- 2B -B- E A NEEES (urinary N-acetyl-
beta-glucosaminidase, UNAG) F1FR E#i{AREF 1 (urinary
kidney injury molecule 1, UKim-1) LA & [z BR & /N EK 32
5 B9 FR B % B (urinary albumin, UALB) 7E R /& 5 #F
HEEM, BEFEEREBEIEUNEIN SHBSMN,
SHBREAHELITEZHET ), BUEKEF-B
(transforming growth factor B, TGF-B) /Smad {5 5 i@ &
EBAENNEEBER, Hhsmad3 2123 ST
FHEVNEBFTHETF . BHHREKE, TGF-B/Smads
=SB BT LAY /N RNA (miRNA) VRN ERfG
IKEHATIAE Y, AR SR INERIT SMNE M TGF-B1 F0
Smad3 7K 3 Kz E 8 % miRNA (miRNA-21, miRNA-192,
miRNA-126) SREEMHEME ZENX R,

1 WREFE
1.1 ¥&

EREETESRERE. BT EREERD
(0.238mg/kg) " HEHKXERARBEAL (1ZHK
BEEKHEEHEEFREY), SR L EREERKE
(0.077 mg/kg) " HHEELY 32 km M X B R XTI R4,

F 2015 F 4—6 BHABIR A FH @i 5 A HEUAE
SR, MAMRITREFKERIE, £5EFTHHE
Mo BEISRPNIRE | Fif>20F% . LRI 2
BEP. FEMBESFELULEE, HRIIE | OO
. BRFRRIBEEERRESE ; QMERH. AHE
BREERRE O ETIAEE, FIRESFTE.
EYHERARERG, 460 BRI RENND RIS,
HARmBEH223 A, WRHA237 A REHRARTIR
B ENMRABRKERSEN, HES—)INAE
RHITRERAE, ARLKLAERKZCEEZRS
#tE (No.2012009) , B 5 IRIBAENFIBIRAITRY
HMERR,
1.2 FENB5HF

Agilent 7700 BB RFB & F B FARIEN (Agilent,
ZE[H), Infinite M200 Pro % IHBEES AR (N (Tecan A Fl,
B F]), Bio-Rad CFX PCR{Y (Bio-Rad X &, E[EH),
M % TGF-B1. UNAG. VALBIE XTI & (B RERE
MREBERAE, FE), Smad3MERFE (LET
MEMBZERLAE, FE), UKim-1E XTI =
(ENETEEMTIEEGRAE, FE), 3 miRNA
WmRIAFE (FEETEYMERAE, FE), miRNA
KMAEEEPCRIEFAE (TTINBRIEEYREBRRE,
FE).
1.3 [AERE

RKAEMEBAENANRERRTRN—KIE
RAMBEIRORZ R, RIERBEIEER. MR RE.
OB Rl E—RER ; MR KEEss. AE
%, HitBEFR=ZE1E% (body mass index, BMI) o, BMI
(kg/m?) =AE/BE %
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UKim-1 B97KF, EIRERVEMIE FRANVET. FRiQMIBIRR R
FEtRII LARRANETAR IE o
1.5 1: 10CERFRHGIRTER

UNAG Z iR M E B RN — N 8URIER, 1E
Hithfstrsi Rk R E AT, UNAG BERRE T RZ 1,
F I A EF 53 AT BB 4B UNAG 7K T Fr (i1 $k 1B 0 # B
REREBEKTFRESEEERHGNMMAENRRS
EHAd, EERRBEKTFREESINEEERN 34
ANERXTERA, MARBFR. M5 KRBT AER
EH8 #1710 10LEC, XTFILE miRNA RIAKFE#HIT
Eb3%o
1.6 M3k E RNABYIEEY M SEBY % E & PCR A&
miRNA

KA miRNA TR IXFI S IEENRNA, FEET 4
BRI ETE MY N ESHAERE, ZRRNAE MR
Bk ZT AN, KD HAEITNEERENAE,
5K RNA Z/E Dygo/Daso > 1.90, RNA B2 > 10 ugo

1ug S RNA. 5xPoly (A) BREHE R N4 K 2 uL.
10 mmol/L BRIZ 4 1.5 L. 25 mmol/L MnCl, 1L, %58
Bg /B25 (1U/uL) 0.5uL. TERNAESKANEE 10uL, B
4], 37°CHi¥ 3B 30 mino 110 umol/L N\ miRNA Z B2 IS H
DEDE 2 uL, JEA, 65°CHEE Smin, 7k EHREF LA, N
A 10 mmol/L i EAZMERZE = BEER 1 uL. 5xRT & K
4pl. 200U/pL R¥EFES 1uL. TTRNABSIK 2 uL, B4,
B&fS 42°CIEE 5min, 70°C 10min, /2SR T LR
JEE PCRo

EA MRNAR HEEEPRIZFIE, BEERIREIN
B HHITIRIE, RNER N 200 RN : B8E
1£,95°C 10 min, 95°C 10s &%, 63°C 15sIB N, 72°C
SsHEfH, 40 MEF X ILFEM, KB U6 ERIENA
5, Bid 2T BEMAZ B mRNARIEZENES ©
FRTIEEE A miRNA B FRIAZEEXT FXT R ZH miRNA
FIAENTHEH,
1.7 FitESR

3K F EpiData 3.0 ;A X R N 22 17 4B %, SPSS

21.0 R HITRIT Do ES D HEHITEREMFR
RAxts R, AEILEREBHEDN ; BESDHEH
HEZRNRE. M TGF-p1. M3 Smad3. UNAG.
UKim-1. UALB, LA 0 fif & (M) F Pys. Ps TR N, X
BB Kruskal Wallis 2 38 75 & 93 M, ¢HiB] A EL 3R K A
Mann-Whitney & 38 75 7£ 53 o 113835 %L 3R B (#5440
BOHER, pRRBRHITHRS . FESHHE
AT IR S 1T Pearson XD, KA Z T
MEFIDTIBREEERENEMAR, RIKE
a=0.05,

2 4
2.1 RN REARNFIE

WMEEH223A, HHPFM 3 AL LM 130 A ;
XPHRZH 237 A\, B 78 AL 159 N, RRELSY
BRAEMR. BMI. IR IOEE R _EEFIET
FITFEEX ; REBHTIYFR N (65.5218.60) %,
XTHRZH 9 (57.11£13.76) %, MAFRUIMERE SR
ITEENX (P<0.001), BEARKRTE. MK TGF-p1. M¥
Smad3. UNAG Fl1 UALB /K FiZF¥HHR4H (P<0.05). T
=1

£ 1 WARENRNERFFHERZIERKTE
[n (%) s M (st; P75)]
Table 1 General characteristics and selected index levels of
exposure group and control group
REBEA (n=223)
Cadmium exposure  x*/Z P
group

FFHRLE (n=237)

T2 (Index )
Control group

451 (Sex) 3.803 0.051
& (Male) 78 (32.9) 93 (41.7)
% (Female) 159 (67.1) 130 (58.3)

FfE (%) (Age, years) 73.283 <0.001
<50 61 (25.7) 8 (3.6)
50~ 56 (23.6) 22 (9.9)
60~ 75 (31.6) 132 (59.2)
>70 45 (19.1) 61 (27.3)

BMI (kg/m?) 5.622 0.132
o~ 4(1.7) 4(1.8)
18.5~ 89 (37.5) 65 (29.1)
24~ 91 (38.4) 85 (38.2)
>28 53 (22.4) 69 (30.9)

%58 (Alcohol drinking) 0.640 0.424
Z (No) 192 (81.0) 187 (83.9)
Z (Yes) 45 (19.0) 36 (16.1)

T4& (Smoking) 2396 0.122
% (No) 175 (73.8) 150 (67.3)
2 (Yes) 62 (26.2) 73 (32.7)
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gR1 EbER D o NREIFHER RS B AT IR UKim-1 7K

TE (Index)

STERA (n=237)
Control group

wEEA (n=223)
Cadmium exposure
group

x/z P

FR% (ne/e) ™

Urinary cadmium
TGF-B1 (ng/mL) *
Smad3 (ng/mL) *
Ukim-1 (ug/g) ™
UNAG (U/g) **
UALB (mg/g) **

0.74 (0.43, 1.18)

1.06 (0.57, 2.68)

8.65 (5.13, 12.10) 16.13 (6.24, 24.05)

4.25 (2.96, 6.63)
1.38 (0.83, 2.03)

6.42 (4.25, 9.09)
1.50 (1.01, 2.04)

14.98 (9.75, 22.95) 17.63 (12.38, 26.77)
11.70 (7.91, 17.16) 12.39 (8.40, 22.06)

4.754 <0.001

8.425 <0.001
5.807 <0.001
1.383 0.167
2.855 0.004
4.541 0.033

CE] RS RRA LR U EBEEHRITRe N A ; REIBTF
BERAMELREU L, ELEFRITIE NH. * © KA Mann-
Whitney #2038, a : LUNEFRILE,

[Note] Smoking refers to smoking more than one cigarette a day for six
months continuously or cumulatively. Drinking refers to consuming
alcohol at least once a week for six months continuously or
cumulatively. *: Mann-whitney test. a: Adjusted by creatinine.

2.2 FRIFIRABEINEEISIR
MTFERAMNRAFRIBERERUTFER
X, EEX & F B AR B IhREfstR kK F&HITT

FESHYERITFEEN (P>0.05), XFRAF, Fi4
70~ % £H K2 60~ % £H UKim-1 /K95 FE 8 <50 A
(39 P<0.001), BHANWLERERIIRAMEFIRD
4 UKim-1 7K I8 S (Pun<0.001), BEREHEKXN
BB T, WTFUNAG, TieBRBAHXEIRANYE
THEEFIRIIE KIS (3 Puxr<0.001), REEA
UALB 7K -t BEE IR BIIE K MBS (Pes=0.007), H
RN EPEERET. X2

2.3 REFEE éHItIl TGF-B1#1 Smad3 7k
TLREBEALRERNRAFREFIRER MK

TGF-R1 F1 Smad3 KFERITLHITFERENX (P>0.05),

FIRDALRERETR, REZHFN 50~ % K60~
% AR R XS R 132 TGF-p1 /K F i5 T A E 8 ER AI 3T IR
48 (33 P<0.001). BMEEHLHFR 60~ T HM>705 A
Smad3 7K 3= F R F i B BISTBR 28 (P<0.001 1 P<
0.003), %R 2,

®2 FRFERHAANR BIRMHIRER TGF-B1. Smad3 kK FHIELER

Table 2 Comparison of urinary kidney injury marker, TGF-B1, and Smad3 levels between two groups stratified by age

SFERZH (Control group)

$REE4H (Cadmium exposure group)

i
e (%) (Age, years) ; TS . v P ) z P

UNAG (U/g) ®
<50 61 10.51 (7.18, 15.70) 8 14.96 (9.25, 17.04) 1.031 0.303
50~ 56 13.11 (7.98, 22.57) 22 15.14 (11.95, 22.61) 1.044 0.297
60~ 75 17.69 (12.52, 26.16) ** 132 17.11 (11.65, 24.61) -0.471 0.638
70~ 45 20.86 (14.86, 28.37) ** 61 20.32 (16.28, 30.22) ™ 0.547 0.585
Xt (FPrenc) 22.047 14.931
Pisss (Puena) <0.001 <0.001

UKim-1 (ug/g) *
<50 61 0.83 (0.54, 1.40) 8 1.14 (0.84, 1.44) 1.162 0.245
50~ 56 1.42 (0.71, 1.75) 22 1.30 (1.12, 1.79) 0.366 0.714
60~ 75 1.58 (1.11, 2.19) ** 132 1.53 (1.02, 2.03) -1.024 0.306
70~ 45 1.69 (1.06, 3.29) ** 61 1.55 (0.92, 2.35) -0.949 0.343
Koz (Curend) 20.156 1.684
Pjass (Puena) <0.001 0.194

UALB (mg/g) ®
<50 61 10.15 (7.16, 18.61) 8 10.25 (8.01, 14.58) 0.010 0.970
50~ 56 14.04 (8.01, 23.06) 22 9.26 (7.30, 19.09) 1.805 0.179
60~ 75 12.07 (7.87, 21.23) 132 11.17 (7.43, 15.93) 1.102 0.134
70~ 45 13.70 (11.09, 24.21) 61 13.11 (8.92, 23.24) ™* 0.555 0.456
Koiazs (Crrend) 0.016 7.354
Pisss (Puena) 0.899 0.007

TGF-B1 (ng/mL)
<50 61 4.30 (2.84, 7.05) 8 6.47 (5.01, 8.22) 1.837 0.066
50~ 56 4.11 (3.07, 6.59) 22 7.07 (5.35, 12.11) 3.909 <0.001
60~ 75 3.83 (2.83, 6.21) 132 6.73 (4.49, 9.55) 4.869 <0.001
70~ 45 4.77 (3.10, 8.60) 61 5.54 (3.14, 7.68) 0.708 0.708
Xz (Cuena) 0.246 2.393
Piszs (Pyena) 0.620 0.122
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XFH8LH (Control group)

fREEFEH (Cadmium exposure group)

e (%) (Age, years) z P
n M (Pas, Prs) n M (P, Pys)
Smad3 (ng/mL)
<50 61 7.39 (4.49, 10.91) 8 14.31 (5.47, 20.02) 1.856 0.064
50~ 56 8.09 (4.41, 15.27) 22 14.82 (4.82, 19.90) 1.743 0.081
60~ 75 9.68 (6.77, 12.01) 132 16.84 (10.71, 25.80) 5.890 <0.001
70~ 45 9.59 (4.91, 12.02) 61 13.27 (7.15, 23.21) 3.001 0.003
Koz (Crrena) 2.113 0.422
Piszy (Pyena) 0.146 0.516

[E] 5<50 5 4H4BLL, * 1 P<0.05 ; ** : P<0.001, # : 560~ % 4B4ALL, P<0.05, a : LUANETHIIE,
[Note] Compared to the <50 years age group, *: P<0.05; **: P<0.001. #: Compared with the 60- years age group, P<0.05. a: Adjusted by creatinine.

2.4 AFRRWKFHMIK TGF-B1/Smad3 &' ETh&e
5t
IAXSBRLA A B PRIR 2R (0.74 pg/g) K2 B0HA

RIWRDNRRBAMSRI|A, LLIRMIK TGF-p1/
Smad3 & BINREATE KT, LR ETERTEH UNAG,
UALB. M3 TGF-B1 A M ¥ Smad3 /K FEHEF KRR
4B (39 P<0.05)0 MFR 3,

R3 FRKRFMAFEREAABEMDIK TGF-B1/Smad3 K Eif5

FREIKTFHILLER [M (Pas, Pss) ]
Table 3 Comparison of plasma TGF-B1/Smad3 levels and kidney

injury marker levels between two groups stratified by urinary
cadmium level

RFRERAE (n=201)  BRFA (n=259)

ﬁiﬁ\( Low urinary cadmium High urinary cadmium z P
group group
UNAG (U/g) ® 14.76 (9.68, 21.48) 18.34 (12.06, 26.80)  3.647 <0.001
UKim-1 (ug/g) ®  1.38 (0.82, 1.83)  1.49 (0.94, 2.15) 1.939  0.052
UALB (mg/g) *  10.41 (7.75, 14.45) 14.03 (8.46, 25.36)  24.044 <0.001
TGF-B1 (ng/mL)  10.11 (5.67, 16.73) 11.52 (7.05, 20.07) 2492  0.013
Smad3 (ng/mL)  4.52 (3.22, 6.01) 5.08 (3.99, 8.26) 4.754  <0.001

[l a : LUBNEFARIE, [Note] a: Adjusted by creatinine.

2.5 M3 TGF-B1/Smad3 5FR{EMN S {HirE81E
XXFA
HMEXADMERER, MK Smad3 F UNAG Y
S5MmE TGF-RLKEZEEXRXR, RIFESEBHRHGIR
TR ZIEEXKER (39P<0.05), TR 40
R4 HIRRBEABZIEMEANEXXER ()

Table 4 Correlations among selected indices in participants with
environmental cadmium exposure

= Sl =

ey Smad3 . PR . UNAG UALB UKim-1

Index Urinary cadmium
TGF-B1 0.091" 0.018 0.133% -0.003 0.075
Smad3 = 0.070 0.032 -0.002 0.031
R , - 0264"  0263'  0.102°
Urinary cadmium
UNAG = = = 0.166" 0.341"
UALB — — — — -0.012

[E (Note)] * : P<0.05 ; # : P<0.0010

2.6 BRGirSEEMERRNZTE MR

53 51 LU 53 15 38 5 I 32 TGF-B1. [ 3% Smad3.
UNAG. UKim-1F1UALB AL T &, F#e. M7 BMI
MR/ POEER. RIBABTE, #T—Jios% RS
D, EANEAFENETEF P HITLZTENE
B35 #7. LR ER : UNAG. UALB F UKim-113 5 FR
FKTF2ERXXR ; FIR5 UNAG. UKim-1 F1M 3%
TGF-B1 2IEHEXX R, M BMI 5% Smad3 2IEHEX
XA, SuAB EfAEXXAR (39P<0.05), K5,

R5 HMRFERBEAHBSEEEXEZMARNZ TLM
EIEP et S
Table 5 Multiple linear regression analysis of factors related
to renal function in participants with environmental cadmium

exposure
TR
V:*iie b 95%CI S b’ t P

UNAG

Fie

Age 0.202 0.111~0.292 0.046 0.203 4.379 <0.001
=4

ﬁiﬂ . 0.285 0.076~0.494 0.106 0.122 2.680 0.008

Urinary cadmium

UALB

1l

Sex 5.901 1.203~10.599 2.391 0.144 2.468 0.014
=1

ﬁfm . 0.738 0.385~1.092 0.180 0.187 4.108 <0.001

Urinary cadmium

BMI -0.823 -1.304~-0.342 0.245 -0.150 -3.362 0.001

UKim-1

Fie

Age 0.014 0.004~0.024 0.005 0.125 2.653 0.008
=1

ﬁﬁ‘ﬂ . 0.038 0.014~0.062 0.012 0.142 3.081 0.002

Urinary cadmium

Mm% TGF-p1

Plasma TGF-B1

zgs 0.143  0.050~0.236 0.047 0.141  3.029 0.003

%2 Smad3

Plasma Smad3

BMI 0.629 0.132~1.126 0.253 0.115 2.486 0.013
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2.7 REEZHRGAMITELE miRNA RiEKFLEIR

BT 1 1 RGN BRI RN R R
RESHRGBAMNTRAFTMRNAREENER, &
RER, BEE S % HF mRNA-21. miRNA-192,
miRNA-126 B FRIXK FI9 = F X BR4H (P<0.001) 5 T

Bl 1o
0 IH_‘ I

miRNA-21
B 55 B S#i%4H (Cadmium exposure and kidney damage group, n=34)
[ X$H&ZH(Control group, n=34)
DE] ++ - SXERALLE, P<0.0010
[Note] **: Compared with the control group, P<0.001.
1 RBEHSHRHBABHSIESIERA miRNA B RIAE

Figure 1 The relative expressions of miRNAs in the combined

[y
N [e}} 0o o

miRNARESTRIAE (Act)
miRNA relative expression
N

miRNA-192 miRNA-126

cadmium exposure and kidney damage group and the control group

3 i
IMEREZS I AN ABFRENXRHEREZEZF
ENNEN D, XK\ R T KPFIEREE X
FEABRFEKEAHS, BB S5, KRR
F1 UNAG. UALB 7K 38 i, &F 4 {4 38 #x I 32 TGF-B1
# Smad3 7K F 1 N, B I3 miRNA-21. miRNA-192,
miRNA-126 BIRIAKFHEEEFH S,
EEERHNAEGEEBESETEMERNE
MEK, RESEEMELBEEMMESNAEARRE
6. HERRXI—EFE, ARNFELUFERENA
AEEHAIESHEER. AMENRZE SRR AHE
H, AtELRERBRIERAEE L. XRREHSE
BAHRBEEKTESTXRA, af W KIRIMRREE
XEHRERRER,
ARERETKAREZRSIEZRBEX AR
UNAGIEIN, BREEFERIVIEIN UNAG KFFAE, B
FIAVIE K 5185 N BRHAM B XL, 5 Gunier
Ly EFRERE M Horiguchi F " B AL M
REBENARER . #—THOMERET, N
REREA, FRIFBKTHES, BThEERHBUNEEE,
BN RERERRBS VABEEHEXXR, 58

BEREWHIREEABNARER N MEF
WEIE S, EAECSITEERSS, FR UALB K FF S,

TEERLFENSIES, BB TGF-RL A SRE
B S/ NRR R X AR IR B FRAN AF 4 1k [er),
KRR, MK TGF-RLKFERBBRAES TXIRA,
SR\EEEXXR, BAKETER\BEN RS
BTGB AEE X, HETRES BERAFLENLE
*, BHEH—FTHHARIEL, TGF-BLKFENARS
S AELT L b B X BINLEI BT BE S TGF-B1 BEMB (R 1 E M
HREA TIMEBAERRE, HEmEH S/ NVE R
BrE X P, ZFRB A MIE TGF-1 5 UKim-1 ]
UNAG TFEIEAEX X R, BREXNEGIEFER.

Smad & H 2 TGF-p1/Smad E S B EEN
R, BEER LAY Smad3 5 TGF-BLEBHE &G, 1%
B AR AZ 3T TGF-B1 fE AV EB B & 1F A= E A s
KA, MK Smad3 TREBZLHS T WRA, 5K
]| UKim-13IFEIEEX X R, BRRETR, TGF-B1
FRIAWIEINA] S| EE FABER P Smad3 EHKRIX, &
HEF 4L, TTE Smad3 B Z MM 5 R EFEAVE
ANERSNEMRMBATHEENRE, Atk
Smad3 Al BE 5 B TR R B & 4 & R & VAR % 22,
MARRLER B E R Smad3 5 TGF-p1 EIEHEX X R,
127N TGF-B1 B AE @ IT (2 # Smad3 RIARVIE IN{ER T
B

EEHRLE. BEBRESR, NARKE
B9 miRNA & 1% & B E 89 1F A >, miRNABY R 1A
KATRESSBEXERNAE, LHEHESHELTHE
WS EPEEREmMRNANRERE ), KR
& 7R~ miRNA-21. miRNA-192 1 miRNA-126 1£ 18 2 &
B R BARAYIFAS. AN RB LI
BREREREH 5 mRNA21 KA EMD, AJEEE
TGF-B1i81Z Smad3 45 & I miRNA-21 B F X, #iMM
B miRNA-21 I FRIRIG N, S5 BRHBEEEE X,
mRNA- 125 ZMERBTNEIERIEIEEE
I8 @, miRNA-192 8T EIESHEANRIK, 25
TGF-B1/Smads BE HUE S MER R RETER FHE
X, EIIREEBNER, SHAREMEIL NS/
KB =g =2, BEREES T mRNA-192 E
BiEE S 5 TGF-B1/Smad B S KSR (58 Fift—
T BRI IARINRIE T LU e XEF O L
BT B A AN EREAN R KRR miRNA-126 B &
KKFE, EREREHHER P miRNA-126 FRiK K
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TEAE ST REXT A, miRNA-126 EFARAMIGFE
MERE, S5EKTNELAES. MERERMNIIZ,
HE5LMERERE. TREEMBSHERER,
miRNA-126 B] g8 &2 M A B2 ARV ThRE, 1R1E M E
RIERRL, S SAEI0EE, B4 5 H R EEHIE.
FILLAI I, 2% miRNA RTEEEIT AT SRR RR
X, B5REEMBNEHRE,

HFAXERARRFZIRE, ALLAHREL D
AR RIBKF AR R MK AF TGF-B1 A Smad3
KERESEIHEEZBHIRER, IIT miRNA BIZRIAK
THRZ, BE—ENRRY ; ANETFEERELR
N, BARMRAIEFEERT, ALt BRI
B S INEER G 5 M3 TGF-B1/Smad3 1 miRNA KA
HHEXMEE —TERR. BEXRMRNEEHE—FT KA
HIEMH RN A EZMR =& Z BN XRIEHET —L

SF, ERKBERFNEFEREZEEMRESHRGS,
TGF-B1MSmad3 AT BERIE T —EMIER, BS5 MK
TGF-B/Smads A8 AY miRNA-21. miRNA-192 1 miRNA-126
HIRIAIKTFIE M. AR IDRENBRIBR BN E IR
RS FNGEHRET &R, CARRBESMEEN
R R HANR S FTBE T #EV B R,
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