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Abstract

AIM: To explore whether exogenous transform-
ing growth factor-beta 1 (TGF-B1) affects rat
liver cell line BRL-3A in terms of cell cycle pro-
gression and apoptosis.

METHODS: (1) BRL-3A cells were divided into
six groups and exposed to different concentra-
tions of TGF-B1 (0, 2, 4, 6, 8, 10 pg/L), and cell
proliferation was detected by MTT assay at 24,
36 and 48 h after treatment. (2) After BRL-3A
cells were treated with TGF-B1 (8 ug/L) for 24,
36 or 48 h, flow cytometry was performed to
measure cell cycle progression and apoptosis
and real-time quantitative RT-PCR was used
to quantify the mRNA expression of Cyclin E,
Cdk-2, EGF, HGF, Bcl-2, c-Myc, MMP9, and NF-
kB genes.

RESULTS: (1) There was no statistical difference
in cell proliferation among cells treated with six
different concentrations of TGF-B1 for 24, 36 or
48 h (all P > 0.05). (2) Cell cycle progression and
apoptosis rate also showed no statistical differ-
ence between cells treated with 8 ug/L TGF-p1
and control cells at 24, 36 and 48 h (all P > 0.05).
Compared to control cells, the mRNA expres-
sion of Cyclin E, Cdk-2, and EGF in cells treated
with 8 ng/L TGF-B1 significantly decreased at
24 and 36 h but significantly increased at 48 h
(all P < 0.05); that of HGF significantly declined
at all three time points (all P < 0.05); that of Bcl-2
showed no significant changes at 24 and 36 h but
increased at 48 h; and that of c-Myc, MMP9 and
NF-«kB was up-regulated at all three time points
(all P <0.05).

CONCLUSION: The insensitivity of BRL-3A
cells to TGF-B1-induced apoptosis and cell cycle
arrest may be related to activation of non-SMAD
pathway and up-regulation of NF-xB, Bcl-2,
c-Myc, and MMP9 expression.

Key Words: Transforming growth factor-beta 1;
BRL-3A cells; Apoptosis; Cell cycle; Liver regenera-
tion
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B&: AT LA KA TBI(TGF-pA KA
JIF 2 7 7 BRL-3 A 28 = v 28 L)) B 64 3 4.

Fik: MTTEAA M TGF-B1 st am i s o9 %
: FBRL-3AZBALSH A 648, 4 % 4T REK
JE#TGE-B1(0 2. 4. 6. 8. 10 pg/L), &l
AR omA24. 36, 48 hit ey s &4, #t—
FHBRL-3A %8 ML 5 A TGF-B1 4L 22 48 Fm 5F 1R
2, H A4 T AR TTGF-B1(8 ng/L), 474
T X e B A I B 40 e A24 . 36.
48 hit g A A e A 5, b2
RT-PCR#& M # 0 248 f224, 36. 48 hifCyclin
E. Cdk-2. EGF. HGF. Bcl-2. ¢c-Myc.
MMP9. NF-kBA A #) & ik E AL,

SR MTT4 R 27, &R ETGF-B14L 24,
36, 48 hifayampedg sl 2 F LA 5 &
L m R m ey R 2w, TGF-Bl1a 2
2024, 36. 48 hid a4 a8 = 5 Ae tm 6L JB 7
S TR 6 2 R R G EL %
it £ FRT-PCRA I, TGF-B14L 2 0BT T *F
28, Cyclin E mRNA. Cdk2 mRNA. EGF
mRNAZ24 hit % % FiH £0.194+0.103
0.181+£0.064. 0.63440.1164%, 36 hit % 7
TFiAZ£0.3794+0.173. 0.457+0.123. 0.619
+0.1124%, 48 hat 47 Lif £1.9564+0.215,
2.174£0.471. 7.66+0.43745; HGF mRNAZE
24, 36, 48 het3 A 2 T, 25 £0.152+
0.068. 0.146+0.053. 0.158+0.0614%; Bcl-2
mRNA24. 36 hit L%kt 5 £ 5, 48 hat b
] £1.5671+0.1154%; c-Myc mRNA. MMP9
mRNA. NF-xB mRNA 3/ iF%]34 £, 24 h
B4 # £1.7424+0.389, 3.484+0.411. 1.625
+0.3694%, 36 hit5-%] £2.292+0.361. 1.563
+0.323. 1.48640.4944%, 48 hit 5 %) £2.499
+0.475. 2.2334+0.493. 3.6124+0.3644%. VA
LR R AR £ SR St 5 & L(P<0.05).

Zit: XA ABRL-3AXTGF-B14%
B T Fe om0 B B PR AR R 69 ARG T, T
#t 5 JESmadsiz 289 7%, NF-«xB. Bcl-2,
c-Myc. MMP9 & A ¢4 LA X.

*818: LA K E Tp1; BRL-3AZHME; ZHMF T
WA FEE

= XBRE, MR, B, IS, a5, TKE, BIPE.
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AL KA F-B 1 (transforming growth factor-beta
1, TGE-B1)FAT 2R AW 7 Dy fie, w45 40 1 1
B~ AR AN E O R, 25 L T
TRENT . ALUER . IR E . IR RS
A P BERLFEN Y, T GF-B 12 40 A 4% 5 1) 5410
AR, AR B AR FH B E R o 4 i R,
HWEGTE R, FHEITGE-B1 A F w4 3t 40
FRACOL O DI BR A G« T L 46 BT 5 v 5
PR IRV T SR TR 1 BB A S0 i R OK
JH- 48 f ZBRL-3A N FUN %, #RFTGF-B 1A
BRL-3AZH JL 8 T2 F0 41 B A I 5% e, 410 4
FEILATREIGAE AL, 4 LLS 326 T TGF-B1
WP DAEREIF AR ¥ T H IR AR B AJE ST 24
5E SLAih.

1 SRIASE

1.1 ## DMEMEFRAE, i 413 (fetal bovine
serum, FBS)IY HHyclone/A ml; KR4I R
BRL-3AM [ [E BB, TGF-B1Iy [ 3
Peprotech INC/A]; MTTIH H 3¢ [ESigma/s #l;
Annexin V-FITCHl f 7 148 3L 50 &5 00 & rd
HYLE AT, LN E \BRT-PCRITFH I TaKaRa
RNA PCR Kit(AMV)Ver. 3.0fISYBR"Premix Ex
Taq ™(Perfect Real Time)l [ 5 4EY) TRE(CKIE)
1 BR 2 w5 PCRG W it 2 TR TREBAR
5 B A F A R

12 F ik

1.2.1 MTT:% M Z TGF-B1 R EAEA B, RF
VER R E T S BRL-3A3S 7869 % w7 : FEFFBRL-
3AN96FLIR, 4X10°/4L. 24 hJ5, 1% FBS/
DMEME; 9%, H T TGF-BLES AL B, 9 e
YN0 24 4. 64 8. 10 pg/L, BB 10
NEAL. I E24 b, #75710% MTTIHH(S g/L)
(B IR AL, AREERE %4 h, VOFE B3G, SEALINA
150 pL R HU(DM SO i 4t &, IR
{HA 4. 1% FIRFAERIN T TGF-B1 f536. 48 hif)
EAI R e R TN = 0 A S i v e <A G B 1
H = 1-TGF-BIAAMH/ X FAAME), HINHIEM
SE J S S 6 3E HL TGF-B R FH R

1.2.2 Annexin V-FITC & ik 7 R, 4 B L5547 4m
B R = BEMBRL-3ANG6FLAR, 1.5X10°/4L, 432
41, 3fL/4, 24 hjE 3 S A E TGF-B1(8
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BER2IR  ISAE B35 =Sk

c-Myc 1201-1417 5'-TGATGTGGTGTCTGTGGAAA-3' 5'-TGCTGATCTGTTTCAGGACC-3'
Bel-2 171-372 5'-TGAATGAGTCTGGGCTTTGA-3' 5'-TTGCTCTCTCACAGCCAGTG-3'
Cyclin E 201-431 5'-CAAGGGAGAGGAAGGAGAGA-3' 5'-TAGGGGTGGGGATGAAAGAG-3'
Cdk-2 401-627 5'-ACCAGGACCTCAAGAAGTTT-3' 5'-GTAAGTACGGACAGGGACTC-3'
EGF 1802-2047 5'-TGTGCAGCTTCAGGACCGCA-3' 5'-TGGCGTGTCTACTCCTTCCG-3'
HGF 1401-1625 5'-TGGAGGATTTACACCGTCAT-3' 5'-GCAGTTGTTTTGTTTTGGCA-3'
NF-xB 601-825 5'-GCCATTCACATAGCTGTGAT-3' 5'-TCCAGCCGCTATGTGTAGAG-3'
MMP9 1001-1234 5'-CCGACGTCACTGTAACTGGG-3' 5'-GATCTAAGCCCAGCGCATGG3'
GAPDH 411-650 5'-GCACCACCAACTGCTTAGC-3' 5'-TCCACGATGCCAAAGTTGTCAT -3'

ug/L)11% FBS/DMEM. %12 hifl'& B se -
XF LRGP A0 i A ROIR L. 1724 his OB 4 i,
% Annexin V-FITCIR 5 & i W FH#4E, B4l
JRACA AT A LR T [RIRE, da IR ARSI T
TGF-B1J536. 48 hi4 =%,
1.2.3 Pk A X tm e AU ) 2m A6 8 20 40 A B
KW ERI1.2.2, F11 mL PBSE &M, 235
A3 mL&ToK SWEH, 1A NiiE Y, -20 CUKFE
] i AE RS, EHLHTECH B0, 1500 r/min X
5 min, 3 3, 15 mL PBSH & )5 S i E 15
min, 2R)5 FGEL, 1500 r/min X5 min, 7 b
T, WIKINA100 uL PBS, 10 pL RNase(Z K
100 mg/L), 400 uL PI, &) 5 % S 30 min,
LS.
1.2.4 5802 FRT-PCRA& N A  F= tm i B H1
A8 % A B WY F A T AL GBS 2H R Ab BT TR
1.2.2, HITRIzolVAHEE P 4141 i L RNA. F B
BRI LK B 23 Y66 BE VRS IIR N A PR 4 5 Sk
JE )5 #%RT-P C R G U6 I kAT S s, K
731 cDN AR TSI 2 #PCR, M41 3R
FL, VAR FR K20 uL, %5415 4 SYBR Premix
Ex Taq 10 pL, B NESIHOFHINED)#0.4
uL, ROX Reverse Dye Il 0.4 uL, cDNA 2.0 uL,
ddH,0 6.8 pL. %P5 Ly 1 FAZ1E: 95 °C 30 s;
PCRZ: 95 C 5's, 60 °C 30 s, EH 401K, [
S5SNI AT i 2k, LGAPDHY
W2, HIXF T4 A, TGF-B1ARBEL b #ERL IR 1)
FAEARE TN Z 1 U A5 HU(RQ) K 43 BT 1A
Gt AP DL EFTA SERIEEIIR, 4
RECPIE. THEEPE imean £ SDE IR, K
SPSS16.04c tH A AT Ge vt Ab BE, e vt 7k —
I} Z1) 22 28 18] 1) Le 35K FH PR IR 32 07 22 43 1, AL
5] FL AR ek 36 PAP<0.05 70 22 AT i v 2
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4 6 10
TGF-p1(ug/L)

B 1 RERETGF-pI7E ARG ER B XBRL-3AILIAAI M.

2 B8

2.1 TGF-B1*BRL-3A % i3 34 7 E %% MTT
ZER K WI24. 36, 48 hINTGFE-BI&ZIKIEH 2
B W] 25 S (F = 1.399. 2.111. 0.240, P =
0.262. 0.078. 0.943, 1), HARMMTTEZ R
AN A TGF-BIXBRL-3ABE B AT FIHI4E I, 1H
8 ng/LAIE3AN I 21 5 HoAth 4 FE 4 AH bU 40 i
WAL, AL PR I% IR B AT 5 25 56

2.2 A g fe AU 45 R

2.2.1 Annexin V-FITCAL 3 sk 40| 4w feL 8 = 2
R TGF-BLABEZ 550 FZH 40 i 724 36, 48
hI 345 58 i i & A2 T T2 (112), 24 hif 1
T35 489.00% 4 1.03%H17.18% & 0.85%(#
= -2.357, P = 0.08), 36 hilf 411.43%+1.29%F!I
8.94%+ 1.12%(¢ = -2.529, P = 0.066), 48 hitf K
13.8%+1.25%F110.55% + 1.81%(¢ = -2.555, P =
0.063).

2.2.2 PLicAbm 4m i JB) B0 28 R P2 40 MR 43N i)
Z0) 8-S M BT o LR 2 R TG R SU(@P>0.05,
K3, %2).

2.3 %8t 2 FRT- PCRAAM 45 % TGF-B1ALH 4142
X ZH A EE, Cyclin E mRNA. Cdk-2 mRNA.
EGF mRNAYE24, 36 h%) T~ i, 48 h_Inii; HGF
mRNATZEIANI Z B E Fif; Bel-2 mRNA
7624, 36 hitf LI W21k, 48 h Fiff; c-Myc
mRNA. MMP9 mRNA. NF-kB mRNAZE3/ i

Olle% #F 5 AR ik,
SLRMMPO9 84 /)
RE5EH4A R4
1 W $ 7707
(PH)JE IF B A 3&
R, FHRKE2-3
d VEGF. HGF.
TNF-o %A 2
Y TEADR.
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WA # & 5 A 10° B 10°] c10°
ALHRAKR B A bt o) )
s G0 'a{i;i?.- S0 S107
ZBRL-3A%H 2 [ - .. | % = =
TGE-prgshem 510 §10 §
ML R N B0 B10°F 2
MTT. #AX#mie @ e K e
B A= Amis gt * 1001 ~
AR ik, A 10° 10" 10

iE# TBRL-3A

' TGF-B 165 R4 F 10%]
Botk, 0% AR g |
4 P 4G AL A 510
.4k Smads & 2 =,
# 8 7%, NF-kB. §10
Bcl-2. c-Myec. %103,
MMP9 & ik #) £ g
P2 T A 09 R v : 104
. JA B 09 AT ° 10 ) 10

Annexin V-FITC Annexin V-FITC

Annexin V-FITC

L Z Ao IR R
WU 4G A BEAT
PRSI . B 2 24, 36, 48 hXIREFITGF-PILERAMVMAIDATR. A: 24 hiFEZH; B: 24 h TGF-B141; C: 36 hxtlE4; D: 36 h

TGF—B12H; E: 48 hXHEZH; F: 48 h TGF—B14H.

A240 B240 -
%) | 12} _
€ € |
=] =]
Q - Q -
O O
0+ 0*

0,
0 200 400 600 200 400 0 200 400 600
DNA Content DNA Content DNA Content
D240 E240 F 240
4] | 9] _| 4] _
€ € l €
3 3 3
o | o | o _
o o o
0 0* 0
0 200 400 600 200 400 0 200 400 600
DNA Content DNA Content DNA Content
B 3 24, 36, 48 hIRBENTCGF-pILIBANVBIEEEAD . A: 24 hXTHBL; B: 24 h TGF—B14H; C: 36 h*fB4H; D: 36 h

TGFE-B14; E: 48 hXf84H; F: 48 h TGF—B14H.

2035 L, LA b DR 0k e AR A e v 2 e X
(P<0.05, ¥14).

G, A0 B BEL A AR G 1T SR S 4 g ot
Smadsifl ¥ /& TGF-B 1k 5 Hi 38 5E AL 7 T2 1F
R E 8 g1 Bk 2 b, TGF-BLIEAELE
JESmadsig 1%, 1AM APKIE (1) 5 SZ WIETk
TRAF6-TAKI1-JNK/p38, Pl 2Rho-like GTPase,
PI3K/AKtiE # %5, TGF-BA2 k] 8 i i 2 4k 5k
H A OE A S madsig 42, A 4% 8 08 5

3 im

ﬁ%ﬁﬂﬁﬁ%tﬁﬁﬁmTGF-mdﬁTﬁ jjﬂﬁﬁﬁﬂ%
AR AH B FTGF-BLIN 2 ThAEME, 58 4B

DU AT B ™ B (AN B S ™. i A 2 BEL I
TGF-B1LMEET #5-4, JFom/h I rT BERR Y (AN
KR N IX— H bR, WIHHTGF-B 16 A 1 =
KL ol Ay 0 S 7 e 1 T

TGF-BIFEVRPY . AMARHE e A il 1 4 i 1

59Smadsi& A5 LA I A (¥ 98 55 7E L 40 g xd
TGF-BII N 25V A Smads I IESmadsid 1% 3 [H]
VEFII 5 2. H w22 50207 T A AR SMIE 72

& UJs AR FR i - 4l e o 32, H 140 i o) 25 85
I TAE BB R4 i AR BRI 2, dEAT K
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o Terp1 NF-xBIE 58 1 5 FSmad7 (R E, FHnT miAzs
-36hTGF-[é1§'—f - . N BRL-3Ax
saghTerp1z ML HIHIR-Smads R AL IR R HEE . —

RS

f

i Ed
OR-NWDAUION WO

Cyclin E  Cdk-2 EGF HGF Bcl-2

c-Myc MMP9  NF-xB

B 4 XNESRT-PCRENBTHBREAHREXER
MRNAZEK. 'P<0.05 vs WHEZH.

R 2 TGF-BUAAAREN EGHAREEID (%)

paxi:) GO-GIHA SHA G2-ME3
24 h
WHRZE  53.30+7.02 2653+6.21 20.17+1.19
TGF-B14H 51.27+5.37 26.90+5.05 21.83+1.89
36h
WIBH  65.53+1.17 20.60+2.36 13.87+3.40
TGF-B14H 64.67+2.99 23.80+4.16 1153+1.27
48 h
WWHRZE  66.80+3.82 21.47+2.49 11.73+1.50
TGF-B14H 66.20+4.10 21.40+2.04 12.40+2.23

AR AN RE IR KHI N, TN TGF-p1
ok N 252 FAD 0 PR I G kg RN AR IR %
GAT B L ARSI I PR RUIE T A R
BRL-3AMTFT0 42, MAHJHLYH T M40 i J 1515
D5 THKAR R A TGE-B1 U, WD &R
FLAE AL, by BURS SR\ (0 A4 S0 S50 0F 5T 35 58
2N

S8 R ILBR L-3 AN B i 52 6 ML 775 17
7%, WP FET GF-B 1R SME I SCRR 3 R 1A%
I 375 5 B8 (0.3%-2%) "7, 3ATTHI0.2% .
0.4%-+ 0.8%. 1.0%. 1.2%. 1.4%. 1.6%-
1.8%- 2.0% FBS/DMEM#BET T #%, il An-
nexin V-FITCAU G230 41 Mo Ao AT & IR 1.0%
FBS/DMEM};7BRL-3A 48 héi a5 W] W 4E
T2, MOEPEIZ S B AT 5 805000, A SEI
IEMT TR U 20 f 14 GE v 1k A PR SRS
0 ML TR JE B A A, BT AR A RNGE T Ak
WIANAEN AP AE 25 5, IEMBRL-3AX TGF-B 14
MR N, A WIE R R BRL-3AX TGE-B 18U
IR RIMLH, BATTA I T — L 55 41 i 44 5 5l
TAH G S R R A AR 1.

A5 R INT GF-B1 AL BRZL AE BEAT 2 I H B
PR SETE S AN B T IR W RN, FEBEAE NF-«B
mRNARIE ) . sk FNF-« Bt T 2R
AN T AN, AT FIAPs. Caspase
8-FLICES5 K PIIE T4 F I BRI RIE; [FIn,
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SURIFSY R, TGE-plalilid JESmadsigf%, #iin
I ROSH A 7 X IIEERK 1 /2-NF-x BFIITNK-
NF-k Bl 4>, ol i TAK 1/IK K445 2
JNF-«B™, {41 6 IR TGF-B1% S A0 T, L
A UL, BRL-3AXS TGF-BIEHBURPEE N % E s
TGF-plr] il it AESmadsig 2, FEINF-xBH ik
R HTNF«B] L ifBel-2RIAR, JE%
Ho-Myc#E 3 [0, A8 fBel-2 mRNATE
48 hif_ L c-Myc mRNAZE3ANZI ) b i n]
AEENF-xkBRIA Rl 5 1 85 R MBel-2.

c-Mycik b, FE—D R HE T fran i T /EH.

MM PO 5 11 I Joit . 4t 4y T 40 i P A e 1t
T FEIABE R AR P, Olle &P ST s,
FRMMPOFF /N B B A= /N BRAR L, IFRDIBR AR
Ja i EEiR, JF HARJ52-3 d VEGF. HGF.
TNF-a 1A B /> T B A/ L AR5 R B0
TGF-BIALEEZAIMMPY9 mRNA7E3 /M %) 11,
HH T"NF-xB W] i A T-MMPYJH 3155
(AR H TRk E MM PO (1) 536243192 2%
FETGF-p il i ESmadsi& /% L ifINF-«B, fif i
NF-xB_ L IMMP9, MM POE % S5 v A fig A 4%
TN . U TR,

0 PR S B 4 i S B SR, Cyelin E/
Cdk-252 15 1A% 40 i Jo 9 2 S Rl 1 B2 F IR 3646 %
G S 4t A 48 X 2L MAF ], TGF-B1
% SCDIWPIS. P12, P27HI# AP AR
CyclinE/Cdk-25E S ARG, fE— 240 Jfirh
A% NifCyclin E. Cdk2ff16355Y, %44 & 11
BRAEAE . 5B AR Y, ARSI, TGF-B1
#52524. 36 h)g, i5'F T Cyclin E. Cdk-2 mRNA
Fik N, (B Fe-Mycn] EifiCyclin E/Cdk-2,
c-Mycith %5 1] 52 IR T GF-B 115 5 14 & 3T Ly ),
Aszigrh HINF-«BR IR &5 Fe-MycRik
i, J&£Cyclin E. Cdk-2 mRNA7E48 h_ [ ffn]
BE SR, i P T84 A W S0k 11 40 ) .

HGFHMEGF AT {EF 4 DN A S B 1
. 45 FTGF-B1)ii, HGF mRNA. EGF mRNA[f]
FIE NI RS EBRL-3AR AL 1) I B 24y, %
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