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Abstract
AIM

To investigate the influence of ferric
nitrilotriacetate (Fe-NTA)-induced oxidative
stress on apoptosis in human hepatic stellate
cells (HSCs) and hepatocytes and investigate the
role for Bcl-2 family proteins and mitochondrial
membrane potential in this process.

METHODS

Human hepatic stellate cell line LX-2 and Chang
liver cells were used. Fe-NTA of different
concentrations was used to induce oxidative
stress, and superodide dismutase (SOD) and
methane dicarboxylic aldehyde (MDA) were
then measured. After the two types of cells
were treated with Fe-NTA, the apoptosis
rates were determined by Annexin V-FITC +
PI double staining. The change in the activity
of intracellular Caspase-3 was detected by
colorimetry and the change of mitochondrial
membrane potential was detected by JC-1
staining. Real-time PCR was applied to evaluate
the mRNA expression of anti-apoptotic gene
Bcl-2 and apoptosis gene Bax, and Western bolt
was used to detect the protein expression of Bcl-2
and Bax.

RESULTS
For both human HSCs and hepatocytes, the
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oxidative stress generated by iron load gave rise
to a decrease in SOD level and an increase in
MDA level, which, compared with the control
group, were statistically significant. The oxidative
stress induced by Fe-NTA could not initiate
apoptosis of HSCs and also failed to decrease
the mitochondrial membrane potential of HSCs.
However, the activity of intracellular Caspase 3
was reduced, the mRNA and protein expression
of anti-apoptotic gene Bcl-2 elevated, and the
mRNA and protein expression of apoptotic gene
Bax declined. In contrast, the oxidative stress
induced by Fe-NTA increased the apoptosis rate
of hepatocytes, with Caspase 3 activity gradually
rising and mitochondrial membrane potential
decreasing. The mRNA and protein expression
of anti-apoptotic gene Bcl-2 declined and the
mRNA and protein expression of apoptotic gene
Bax rose.

CONCLUSION

Fe-NTA-induced oxidative stress can exert
an impact on apoptosis in human HSCs and
hepatocytes by regulating Bcl-2 family proteins
and mitochondrial membrane potential.
Specifically, to inhibit apoptosis of HSCs, Fe-
NTA-induced oxidative stress up-regulates Bcl-2
expression, down-regulates Bax expression,
maintains mitochondrial membrane potential
and reduces the activity of Caspase 3. However,
Fe-NTA-induced oxidative stress has an opposite
effect on hepatocytes, which initiates apoptosis
of hepatocytes.

© The Author(s) 2016. Published by Baishideng
Publishing Group Inc. All rights reserved.
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FIt; MitoCapture ™ kA4 T 6 Mk 77 &5 0
[ 2% E BioVisionA #); Annexin V-FITC+PI/H
TR B0 J A E AR ARG R A
#]; Caspase 3/CPP32LL & i 77 & H 3£
EBioVisionA#; TRIzoLERN AR
Invitrogen’A 7; Oligo dT 18+ 10 mmol/L dNTP
I [ Takara A 7; M-MLVIiS #5508 . RNasin)iy
H 2 [E Promega/A ; SYBR Green Realtime PCR
WA E HAREG ARG R AR, Bel-2
/NPT BaxBhi A\ H 5w fE P4 IE H Santa
Cruz/2 7]; Fe-NTai 0.1 mol/L{JFeNO5(Sigma
25 ] ) FINa,NAC(Fluka 2 7)) A B R & B i
&, NaHCO, i pH%7.4, 0.22 pmol/LIX LI 28
IEE, DR,

1.2 7

1.2.1 254 F 3R BUALT % B0 B i ALk g
PR X -2 40 6 -4 Mk 5K Q40 i, 48 ik
FIREHAGS, F & 10% 0625 i s DMEM
B FRMAN T 10% /N2 ML 1 1640315 77 10 1 2
TR E 2.5 X 10°/m L {1 B2 it B B b T
25 em’fRI4H RS 7R (R IIMD A 75 & FH 24 4L,
RS FRMR), B T37 'C. 50 mL/L CO, ¥+ 46
HEE TR, 24 hE A0 MG EE RLF, 3 HH 270.2%
JiG 2 M A0 /N2 I3 (Y = FEDMEMB 77, A
AKFEAL. B FR24 hJE BB IRBOF I
ANRIIR B [ Fe-NTar= A S N, B, F. &
3ANKEE, 23 51°90.5. 1.04 1.5 mmol/L, [F]F#%
2 XTI, 559724 h)E AT DL SE5G.
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PI, B8R IR 5] Ja WG =R SN 15 min. W45 R
JEFIMA200 pL&s & 28, waRanpai brs
orll. ASEES HE 3K
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HUE F41HI500 g0 10 min, Fds BiEW.
50 pL¥ 2 P 2L A % b R i, SR T
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HERE IEES14) (5'->3) R@s|¥p (3'->5 GenBank Number
Bcl-2 GGGAGAACAGGGTACGATAA GCTGGGAGGAGAAGATGC NM_000657
Bax CGCTCACCATCTGGAAGAA TGTCCCGAAGGAGGTTTATT NM_138764
B-actin CTGGCACCCAGCACAATG GGACAGCGAGGCCAGGAT BC016045

VK _E9% 5 30 min, &5 minff& ¥ 17X, 10000 g2 L
1 min, $_ RIS 280 R E Tk B
50 pL4H A AR S MR R B ), FEINS0 pL 2X
SN R, B JE INRYIDEVD-pNA, ffi H 2
WREEA200 mol/L, B F37 ‘C M2 h. FHEFEEX %
FER I A B AR SHAE405 nm WG RE. #5358
ABEWEEE S WAL, BT BX EALE,
RI45 2% 25 AT T2 FL X iR Z4H Caspase 3
T P T v AR AT ) 5

1.2.5 AR S At ] A S04 PR v, B
TEEAAS00 g BS540 10 min, FA_EIEW. H1 mL
Rk N1 %o IMitoCapturedd i 41 i) F &, 7E
37 °C. 50 mL/L CO,/"5% & # i% & 15-20 min.
500 g %5010 minyTHE4 I 7¢ 135, 1 mLi
P 0 VR A R, S R R A B AR
YT £ A i LT . AS SR IG B 3K,

1.2.6 %8 % K€ FPCRA&M Bel-247Bax mRNA
Foak: IR B RN A FE 2 4023 o 6 B AX
KRN AZEE I, RNA A ,qns0>1.8. HRTE
GenBankH ()5 K 7 51], K Primer 5.05|4)%
TR B Bel-2fIBax IPCRY ™ 1 51 #1(% 1),
t B A TAY) TREEARRS AR A F A K.
R PIRNAW 45 HcDNA, FiLLcDNAK
FREAREATPCRY 1. #RPIESYBR Green Realtime
PCRIAF & 45, #1244 895 C 60 s,
95 C 155,60 C 60 s, FA0NMEIR. &5 FALHER
FHHA T 5 BRI LA B-actinff N 218, RN LA
XTIGLEAE BEE, 25T T H Bk Rl ik
5 X IR AL LUK R R,

1.2.7 Western bolt#| & & K- &k flidedH
fia B A, B> BRSO BT Bl E &
FREE, H A Western boltZr#r. B )5
SRR S SRR X M IR G, B
S min, 10%KERISDS-PAGE 120 VHLIK
45 min 52160 VHL#K80 min, 0.65 mA/cm’fE[f]
FEUE) HL A P R RS B R PR AT A R R L
F W4 Cik R E M, 72 EH WG —ht
(B PUEN W EE: Bel-2291 © 3000, Bax iy
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1 : 3000, GAPDH N1 : 10000, — iR N
TTBS+5%BSA)Z I NiFH2 h. TTBSHRE VL
3K, FEIR1S min. 5EHR IS BRI
THUCPIURREREE AT D 5000, —HURRSBN
TTBS+50 mL/L BSA)%EE &1 h. TTBSHEY
PR3 VK, FEUR1S min, FEFHTBSEDR 1K, fER
ST Y RIS LA IECLAR T S B2S min, 5 47 B
g, P

St AbTR B A FHSAS6. 1250 1H ik
PEBEATSETE, B8 Plmean+ SDE R, K A
FITEHT, DAP<0.05 N Z 3 Giit 5 L.

2 B8

2.1 B A5ARSODAMDA M Fe-NTa T
JEAELX-2 713K [T IS O D A7 45 3 o xef B 41
IR PEAIK, LX-2XFHR41°50.616 U/mL+0.024
U/mL, Fe-NTaT 4Lk & K2 = SODE 1
K VCN0.487 U/mL£0.016 U/mL, 0.401 U/mL
+0.012 U/mL, 0.343 U/mL=+0.008 U/mL(‘5%}
HEZH LU P<0.05); i [GH XS BR4°50.525 U/mL
+0.012 U/mL, Fe-NTa T T & HKE] &
SODIE /1K % ~0.346 U/mL=+0.015 U/mL,
0.273 U/mL+0.013 U/mL, 0.198 U/mL=+0.006
U/mL( 5% B2 EE82P<0.05). MDA & & #5800
HEZH B T i, LX-25% HE4H°53.648 nmol/mL
+0.196 nmol/mL, Fe-NTa T P4k & k5]
EIMDA S &KX N5.409 nmol/mL+0.196
nmol/mL, 9.277 nmol/mL=+0.303 nmol/mL,
11.406 nmol/mL=+0.766 nmol/mL(5 X} 2
L #5:P<0.05); 5K FOFF X R 41 °41.864 nmol/mL
+0.197 nmol/mL, Fe-NTa~Ti4H ik & L3
EIMDAS &KX N3.374 nmol/mL+0.142
nmol/mL, 6.271 nmol/mL+0.239 nmol/mL,
9.624 nmol/mL +0.197 nmol/mL( 5 % & 41 b %%
P<0.05).

2.2 BT WAy 4 LB T 69 % v Fe-NTa T
W4l R Al S HRE T EN L, g
JHO 4040 R S B AE X R ZH N 8.333% &

2016-09-08 | Volume 24 | Issue 25 |



Xtg, 5. Fe-NTABESHRMABNE Bl -2 RKES RERUNESB NI 2RBIGF0HBIREYET

1.050%, Fe-NTa T4 ¥ f& i ik 21 i 98 T2 4
i F 43 B4 10 20.600% £ 0.800%, 47.400% +
0.702%, 65.400% +0.900%, %1 FiZH 5% &
H LA G it 2 L (P<0.05). Fe-NTa T
LX-2J5 A Re s 5 HOR A B I T R AETs. I
i 2 L o 4 A M) 4 B AE S T TR S R
HRAH LU TE 4 v 5 L(P>0.05).

2.3 AR T AT 4m iCaspase 37E A H
S5 R R I Fe-NTais T 1A NI L X-240 i 4
Caspase 37EVES X0 RZH LU RC B 8 T B, HLBE
Fe-NTaflJ & (W I~ BRI 5, S —E
FIF7 M. 1.5 mmol/LfJFe-NTaf#iCaspase
3vE PE S B AR, Xt B 190588 £ (5 X i
L HP<0.05). XTLLT &, H4HA A Caspase 3
MRS X IR L B R, HLBEFe-NTajifl &
(A3 T T o e A S, 2 A — 2 D R A
PE. TEFTIE R INEE R, 1.5 mmol/L{JFe-NTafii
Caspase 375 T+ 2l mr, AXT IR 3.2805 (5
X REZH e P<0.05).

2.4 BT R AR AL v IR AL
I ZRL AR 2 RS 5 T GeRI C-1, (SRR AE 2
FLAA A 30 S I AT 68 sSCIR 98 , A A i LA
NFE, TIC-1 3Rk o3 BICLE H AT A 1R 48 i Jog
PR Zekitirh, Batiet. HR 40
A HIFIT Cid 18 FIP LE I 43 5l 7] [X 73 K H 2t
WA AT AN, AR5 KN, Fe-NTa
RN R R R RN A VAN
K, JEBEAE Fe-NTayk BE 38 I, A Az 2k 4 fise
HLAE T B B A Bt 3, 20— =
ROORFR. R G 0 1) A i (R R A B b
A JE F AT T R TR 48 i) o 4 I ) B4 )
H°810.100%+1.808%- 11.430%+1.222%.
40.030%+3.233%. 73.33%+3.073%, T+,
N2 2 5 0 A LA B3 2% 7 (P<0.05).
Fe-NTa 7l & A 6 51 2L X-2 1) 28 br A st v
TR, H TS BRALRILEG TR X
(P>0.05).

2.5 AR A T A RBcl-2A BT AR
Bax# & SN 5 E EPCRES R K W Fe-NTa
7 51 S N ] TH R LX -2 5 T 3 R Bel-2
mRNAFRILW K, B -2 [ Bax mRNA
KIS, Western blothar il 4 FH &I 7K
F, KMBcl-28 HRIETHE, Bel-25GAPDH
IR FE AR LEAE 43 99 0.350£0.014. 0.529+
0.010. 0.660+0.011. 0.826+0.007, Bax & [1
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FILBEIK, Bax 5 GAPDH K R 1) LLAE 23 51
1.145+0.027. 0.892+0.025. 0.967+0.017.

0.729+0.017(5 X & 41 Lb 5P<0.05). A Xt M
5, Fe-NTaifs 5 1% B2 AT B 40 fa bt 07
23 RBcl-2 mRNARIEWIKF, FHEf T3
Kl Bax mRNAZFKIA)7KF-; Western blotfar il
H#RIEKT, KM Bel-28 HRILBK, Bel-25
GAPDHK FEAA 1 ELAE 73731 90.547 £0.024

0.32540.007. 0.094+0.002. 0.025+0.003,
Baxtg H&iATHE, Bax 5GAPDHKEEI L
5537 91.2224£0.017. 1.467£0.007. 2.090
+0.064. 1.63410.012(5 %} R4 L #:P<0.05).
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HS C A 14 J B 1 g 4 2300 1 771 1) 3R 08 Uk
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HSCYHAIREEE . 5 SRS HSCR AT T
TRTT RO ET 4 Ak 2 T 20D, SOl A i 5T
UEBA fasFOARN Py 5 I R R ER BE TR
TS T B B 1 2 AR 4 45
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(9 N ST 7 2 Ab R A 0t A /D o™, B
S A A i 07 R0 B 2T 24 A gt 8 B2 1 R 97 ML o)
2, AN HS CR T 52 m S AR FE AL
ANEE . FIRE, 75 IR SO0 T 40 H g 58 5
P TS FRTE SN AP, MZE RS OL T, 400
HEGE R T PR, o R T T A B ek
A, PRGN, fEEE. Bk, WERMERT R K
JH R 4K B BIF 5 ot B 7 HE 20 B 0 T 3 EU AR
FRL P K 9/ 2 R T A AR AR /N (1 iR R 2 — 1,
RIS ATTEE T Fe-NTalfs T I A NI, 35 5
G R ES PN =R il ok YRR b
][R0 2R, JF 15 12 BR L N AEF L.

AR R A R 1) 7 1 e S AR S A,
FFe-NTaTfi4ifa"", £ MSODFMDA. i#
TEHIF 7T A BT A% 9 B O F e-N Ta 1= 1541 i )5 i
3 2 i 1) S O DG g 50 et R4 1 I B ARG, 17
MDA & BB AL B T, I BB 259k
FE R AL AN B 2, 2P0 I A&

3709

NiREE

£ A AHSC
Hl AT
R, ALk Rt
B EERA T
®HAEHBel-2 K
wEG. fREL
AR B B A fe
%{&Caspase 37&
ML W, RSAE
F Al B AR
ALAE R 4 24 T
At it A X —
i 9% Rk B
HSCH =, K
KB G ITAT A 4
ey B Ay,

2016-09-08 | Volume 24 | Issue 25 |



Xig, 5. Fe-NTABSHRMABNE Bl -2 RKEES RERUNESB NI 2RBIA 0 BIREVET

W 2w H
8RR A
2R A LR
fid A2 b A B
P AR A
T 45K AR,
R T A I A
43 o B 8 R 3
H o 2 75
BRB R A &
KRR B AL T
I
TR TR
bR A F
B, BB
{5 — B 5 M 2w
Ho b B R T
4%,

J3aishideng®

WCJD | www.wjgnet.com

e, 1X R W FRATTK FHFe-NTat5 5 A 4t iy
FEAR AL R 1 75 5] R 2 2, = BON B
21 i S L R A L AR S CPE A PR T R A A
HE R0, mhdd AR RELSS TR
K. FIA, FEREEIREE N E RO B T
FIEH, Pl RE 5ROSHIHICaspaselfIi MM
#1# A F-xB(nuclear factor-kB, NF-xB)i#i LA
KBel-2RIEE 24 5%, AT, AN e 4 i
T P R A T T T FRATT R R
RILFT LI E FIFe-NTa M e FHSCR A F
WA T2 S U T, {H A ] DAYE 5 A A A A
T2, NovoZe IR 0t R B A RIS B 1 56 42
AN IR BR R AT, 15 H S AT S A
L VLRESE: N RezWVA a1 i I e A s
23 HA P JE 25 R, & 540 MR
AN [7) B AL I PR R T 9 R A AE S M ORI
FEIRN BT,

A A SE ST E FH ) 32 B L AokifA
ANE 2 LR 4 AR A7 AN T D (0 4 2, Atk
TEAN AL T 38 4% Hh e 3 3 24 F Y. 7R
ORI T A Bk A 1) J5E v 7 A2 U
TR o A B R R, R SR AR N I
Mt FKe, HCaspase 9FL[A/EH fFdt— D
iECaspase 3, FEII TR L. LRI H
AL EL 35 U 4T R T A AT 2 R4
RIS IR Fe-NTa T THLX-2 5 4 K fg 5l
HSCI 2R B B AL T B, A0 HE 0T BRZHLAE I
2 A SR AR I FELAT T ) 41 B BCER AR 2D,
ASB 40 S 1) 2%, X 3 B RN THSC
LRRLAR I FLA N X — R T R R R R
WA R HS C4 L N Caspase 3% M 5% |
A EE B 5 R %, HLBEFe-NTajfl & 3 inim
FEETRT Bk I 2, BRI — 8 R E O, X R
ESLEANE] THSCH A TRV B Caspase 311
E . ESIBUEH S CIf AR K AR R A4 T FL ALY
NFE, W% KA Caspase 3yEPERIIE I, /m
AT Caspase 3G E 2 T BB, HILIR
RN EN ST THSCE PR T AR, HHH#E
D AT T2 AR 2 J8 I 4 FFH S C IR 28R A 5
HLAL = A2 ). A, Fe-NTaifs 577 248 1AM i
AIAE N JH 20 R e AR S A R % . Caspase 3
PRGN, AN E T 2.

9 T i SE SO 2 M TS e ) b Ui
1, FATHE— RN Bel-2 R & R IA T LI
ARAK. Bel-2 55 )9 T ) E 0] 9 T2 d R
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5B A A R I R4 b K I B e1-2
i FIEM X W Bel-242 A Lkl iR A2
T EEHTEE. A KD Fe-NTaifs 3
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FIRIEIK, [Rl i B T 22 K Bax I mRN A
B AN I RIE, T N4 A 2 A e 152
M. [RIBEIA N, SESL B 4ERFH S C IE & [ 28k ik
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T R T BRI TR B e 1-2 K B [ RAE
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HH IR ATIE B T Fe-NTalfs 5 1) 50 S ot
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