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Abstract
AIM: To identify differentially expressed
proteins in rat hepatocarcinogenesis.

METHODS: Sprague-Dawley rats were
randomly divided into a diethylinitrosamine
(DEN) group and a normal control group. The
DEN group was administrated 0.01% DEN
solution in water for 18 wk, and the control
group was given vehicle. The animals were
sacrificed at the end of the 4™, 10", 12* or 18"
week. Liver tissue proteins were quantified and
identified using the isobaric tags for relative
an absolute quantitation (iTRAQ) technology
with two dimensional liquid chromatography-
tandem mass spectrometry (2DLC-MS/MS).
The functions of differentially expressed
proteins were analyzed by bioinformatics.

RESULTS: A total of 530 proteins were identified
by MS, and the numbers of differentially expressed
proteins at the four time points were 128, 113,
106 and 127, respectively. Forty-nine proteins
were identified simultaneously at two or more
time points, of which 37 were up-regulated
and 12 down-regulated. Bioinformatics
analysis indicated that differentially expressed
proteins are associated with post-translational
modification, transcription, recombination and
signal transduction pathways.

CONCLUSION: The protein changes in the
process of rat hepatocarcinogenesis can be
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observed dynamically by iTRAQ combined with
LC-ESI-MS/MS. Six proteins (peroxiredoxin-1,
peroxiredoxin-2, thiosulfate sulfurtransferase,
eukaryotic translation initiation factor 3 subunit
b, alpha-2-HS-glycoprotein, and superoxide
dismutase 1) are associated closely with hepatic
fibrosis or hepatic carcinoma, and they may
play critical roles in hepatocarcinogenesis.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BEI: 24T KR 4 A E R A AT IR A2
VAP EFRE & a, AFRLL KT
Ry Rk g.

ik VA= T T AEE(diethylinitrosamine,
DEN)#Z 5 XK R 4F e fe-IF B AL AL, KA R
A FAFITAR A Ao b 24F 5 F(isobaric tags for
relative and absolute quantitation, iTRAQ)Z A
2546-2D-LC-MS/MS(two dimensional liquid
chromatography-tandem mass spectrometry) €.
TRAOMAFZER, SHfelg AT R F
%4, 10, 12, 18JAFLLL K G it £ KA,
ZAMIZEF W EFR B EGAIRE.

R RiEswEEEIS30FG K. 4
ANEFIE EEZ R EFEARKEN A
128, 113, 106, 1274, ¥ EH 5w 3)0h £
FEE AN, L F LiAZRE3IA, TAR
G 124, il aFiX sk 2 7R G BT I AR AT,
EIAMMAEEFBGM, R, THp
1554 T4 4.

Zit: iTRAQ4 A4 LC-ESI-MS/MSE 2% ¢
R FHARRER, SHE AT RFANT L
Y AR TR AR PR B A AR T, &
¥ 5 3 id A AL L R B 1 (peroxiredoxin-1,
Prdx1). A ALY LR EE2(peroxiredoxin-2,
Prdx2). FRALER AL 2545 B (thiosulfate
sulfurtransferase, Tst). AAZE&IFALIE T
3b(eukaryotic translation initiation factor 3
subunit b, eIF3b). o2-HS-#% & (alpha-2-
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F2 Ui 14 i I8 22 B B e R e A G B IR I
ANET R T B FRATTE &R H = 2 3k A
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[ AL BRIC AT FI4E %] i B (isobaric tags
for relative and absolute quantitation, iTRAQ)Fi A
REAG I E MEAE &, B RS R U, JEHE
G T e R PR 16 FH 4 5 4 2 B s Rk K
Rz RO R, SRR B, AR
IR 5 AR AR R Fe s P i A R 2 i) ok
B BT AT, AT H UK B £F4E1L-
FERAR, I TRA QB T AEIE B 2 A A
(7] Bsf 1) AR BRI 2L 2R b 2 1 B R 3R 22 e, 4R
T YA R R SO I R SR R .

1 #RRTSE

1.1 ## 8, SDKR, HiiE180-220 g, H
iR A N 2 R K 7 e TN N e
ES: SCXKH(2013-0003). I F.3049 40
A (Thermo); Protease Inhibitor
Cocktail(Amresco); iTRAQ Reagents-8plex
Chemistryitjfll&. TEAB(Applied Biosystems
/A 7]); PolySULFOETHYL A ik (4% 100
mmX2.1 mm, PolyleA#]); MAGIC C18AQ
WO A (A% 100 wm X 150 mm, Michrom
Aw)); % L iE A (Thermo A A); 3£
BIO-RADHJK1X; AB Sciex TOF5800/3 it 4%
(Applied Biosystems A ).

1.2 7%

1.2.1 KR L L AC- AT AL AL 09 22 52 B 440
SDKER80 R, R 73 177, brueta kTR, &
W Rl A HMEFR wkia, MEB2JE 46,
K 78 A= BENLSY SZE6 20 (40 FO RN IR 4140 ),
S0 2R 28T /K BE il 5 90.01%D EN(Sigma
NP, AR N99.9%)iE R, H HRHS wk,
152452 wk, ICIATIA, ORI IB MR TR, 105 4k
BRER PINRFRS wkiFZy, R H R 18,
SFHRLH, HOEE EAROK. BT S 2 B A R
PARI I, fE R R4, 104 12)8 7 Bk st
SIS R RO N, SRR 6 R, F 18/ Ak
FEAT AR KR, AAEZ RTII4E T3.5% KA H
P (FH0.9% 4 2 Eh /K BL i) 10 mL/k gl i i3 56 Bk
T, A R R ) s IR U IE, -80 °C IR-AF-#5 H.
1.2.2 FF & & 4R B B 5 B R] 5P A0 KR
JHAHZA1 o8BI f5 & IF, IIAN10 mLER 24,
BT s 3 it B 5] A A B30 s,
LL20000 g% T4 “C 5030 min, B EIER
5 mL5-20 CHUAFMILLL @ SIRES), T
20 ‘CUKFHFFE2 hfF, LAS000 g% id 5.0>5 min,

Beishideng®  WCJD | www.wjgnet.com

7¢I, FHiTRAQIRF &k H y 1V il it
dissolution buffer(40 pL)F11%SDS(2 pL)7 %>
TRERRE AUIE, FLL25000 ghh# T4 CH
0320 min, BX_LiE, K FBradford /715 % & H
R, JFiE4TSDS-PAGE KA I 2R 1157 1)
U .

1.2.3 & & Ji B F=iTRAQARIT: 4 Fik g B4k
R, BUEEE100 pg, 700 E T5AEPE H, BE N
NIBJEF2 pL, 27, 60 “C /M1 hy JIANEBEER
FREF P ul, ZEIRACEE10 min. %0 @ 2R E
=1 20/ LLAI 43 PR IR I A Trypsin, 55 1XMA
J5 137 CEEA4 h, TN G T-37 CREAEL2 h.
HEAEHTHRIKBS, 0.5 mol/L TEABE AL
Bt AR#EI TRA QA R & it kAT Ik Bebric,
ITRAQIAFI13. 114, 115, 1167 HilbRiC
%4, 104 12, 1I8FMMAHLAEAR, 1174Hd
XTHRAH AR AT, & FF & B bR ic i IR i,
Zhe G AR b F Symmetry C 188 31T il 21 4b
WG, AR GRTR, B T4 CHH.

1.2.4 FRBog AR B 5B —4ETRPH B 7k
S ZMIBAWE 10 mmol/L KH,PO, A
25%ACN, pH 3; ZMEBH %10 mmol/L
KH,PO,. 500 mmol/L KCIF125%ACN, pH 3.
200 pLZEMRARRE Rl fE S al T 1R
HRRBL. 3P IRBE LB, B EERE100 uL,
PR AMG I K 9214 nm/280 nm, VE A
200 pL/min. ZPERSEEBEIAEFN: 15-65 min,
0%-80% B 65-70 min, 80%-100% B HR4f
DeBi Vg T AN (8], B 2643 B204M8 75, # %18
74937 Symmetry C18AE#EAT I Eh A 2, A&
BRI HL

1.2.5 RO ReRABEE- B T b B B KA
#*(liquid chromatography electrospray ionisation
tandem mass spectrometry, LC-ESI-MS/MS)
ST BB AR U (reversed-
phase liquid chromatography-mass spectrometry,
RPLC-MS), JisifHACK @ 41 : iR =98 :
2D 0.)RBIMHBIROK © I - HEE =298 :
0.1), BRI HERE 8.8 uL, RPLCH: 2R VAR Ik
JBA2F4: 0-10 min, HEFF; 10-12 min, 5% Bil;
12-16 min, 5%-13% Bif; 16-71 min, 13%-30%
Bifi; 71-85 min, 30%-40% Bi; 85-90 min,
40%-80% BK; 90-95 min, 80% B; 5 minfk
SAEEL 100 min&h 5. 22 I A I 15 4 52 R
AT 5 B2 1K 15800 MALDITOF/TOF Jif it
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B 1 KREFALRBSHEREME x 100). A: HHEZH; B: 4 wk; C: 10 wk; D: 12 wk; E: 18 wk.

SR BAREAESH: — H SR MS) L
K12500K, TEFHES T A R A AT i
I, T i 0 15 e > 50 0 B BY T — 5
(MS/M )3T, BEANFE il i _F o 2 1k F8254 B
B ZRMS/MSHOGEUK25000K, filfi# 5E &
N2 kV, CIDAEE /N A BB SR 1 4ERF(E2.0
X 10 Pa.
1.2.6 & A R4 fe 2 5 ko i Eds R H
ProteinPilot 3.07E Uniprot¥d /22t #E 17K 2 %
EE A, Wk BAE 5% A L 2 [ R H i
Mm/z 113, 114, 115, 16F1174R %5 B 71
T AR AR 23 EAT ARG 3E 84047, Lhm/z 117 9%
M, 42113 0 117, 1142 117, 115 117, 116 : 117
FOfE, HEHEP<0.05145 Rk AT . XA —4
DAL 15 A P (M T-99% ) il — 22 ik DT e Fr) 2
EIA AT N TR, XA 8 B B (M
T99%)ME— Z IKILIC & B, HF LIrEx
MS/MS B B Jr 857 AT R B A 25
BR[12-141F1G0 17 2 X, 42 G HuL 1.2
5 UL BURT0.76%, HAS K56 HPE<0.05
i, M2 R RIBE A .

it F AR R H UniprotEds 2 A ik
FEAF B 7 Hri TR A QU izt H K 1) JHH i L 2 22 S
FikEA, BILGO M HIE E (http://www.
geneontology.org))##1TGOZr#r, FReactome
HH TP A AR I AR B 4 BT L4 %
S AW R AR &S, NEYFERE
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(biological process, BP)H1 7 DjfE(molecular
function, MF)IX A 75 TH 34T B & 8T
STRINGY.0K e 75 44 1 f-fis A1 2 57 R IK R
IR ELAE R 265 . S5 250905 1) 25 S Flmean £
SERFAT HoR, I8 ELBCR FH SR 2 5 2 43 #r,
B A ¥R A FISPSS16.081 14, I\ AP<0.051 %
A SRR

2 BR

2.1 RAAFKREFREFIK FiERLRE
Hr, SRR AR R G B AR SE T, E R WL
A LIRS E 13 RRIET:, JET-HRA
32.5%(13/40), HHE12-15FFET-9H, FET 5
DR 558 S il 8 9 0, R4 55, 7E15-18 BB T4
R, 5B KB . 2 SEI0 45 SR,
Pl A9 R K R ASHB s, R s g 1 5
A FEBRAG AT 9835, P4 e A 1 o i AN [
FERIRR T ASPE, /N NAFRAE RUIRIRAE K 98 Ve 2
MO, S0 RF£F4Eqv, B4 ™ & i iy
PEL KPEIRTE, 18 X H LAYl 38 4 5
12)8]: A 4e- AL B, AT 4R 40 230 28, F 2%
Al FRMARTE; S518JH: R, T4 E £
TNk, B B, MRz K, s/, w2 e
TERI A% 200 BRI 23 24H0 (B D).
2.2 2R £ kK& 8 9iTRAQH#7 iTRAQ
FRic 45 & LC-ESI-M S/M S £ B i it %5 52 51530
FOAFHA E A, BoEEAFEZERIET>1.265
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R 1 RERFARARBEIEPFARKTE CENES
) ) o Ratio
Accession Protein Description 37 417 5117 16 - 117
tr|G3V786 Protein Akr1b8 2.773 4.983 4.739 3.730
sp|P24329 Thiosulfate sulfurtransferase 1.584 2.554 1.538 3.647
sp|P07335 Creatine kinase B—type 2.33 2.835 1.907 3.435
sp|B1H267 Sorting nexin-5 3.564 4.846 3.727 3.193
sp|P38983 40S ribosomal protein SA 2.569 2.521 1.409 3.135
tr|Q6P7Q6 Galectin 1.842 1.503 1.642 2.819
sp|Q4G061 Eukaryotic translation initiation factor 2.328 4.656 2.689 2.813
tr|Q618Q6 Histone H2A 2.609 1.336 1.343 2.784
sp|Q5FVQ4 Malectin 1.822 1.503 1.642 2.819
sp|Q4KM35 Proteasome subunit beta type—10 1.975 2.163 1.532 2.437
tr[D4AAV1 Protein Amdhd1 2.337 2.217 1.896 2.423
sp|P45479 Palmitoyl—protein thioesterase 1 2.649 2.383 1.288 2.419
sp|P97584 Prostaglandin reductase 1 1.691 2.433 2.593 2.341
sp|035796 Complement component 1 Q 1.222 1.334 1.274 2.315
sp|BOBN18 Prefoldin subunit 2 2.569 1.296 2172 2.043
sp|P80067 Dipeptidyl peptidase 1 1.908 1.423 1.614 2.009
tr|Q6AY21 GTPase activating protein 2.064 2.519 1.280 1.934
(SH3 domain) binding protein 2
tr|[F1LM19 Alpha-2-HS-glycoprotein 1.963 1.283 1.274 1.903
sp|Q920L2 Succinate dehydrogenase 1.571 1.443 1.594 1.722
[ubiquinone] flavoprotein subunit

sp|P35704 Peroxiredoxin-2 1.395 1.561 1.679 1.701
sp|Q5M827 Pirin 2.095 2.816 2.061 1.701
sp|Q63716 Peroxiredoxin—1 1.606 1.827 1.762 1.689
sp|Q62812 Myosin-9 1.252 1.222 1.894 1.681
sp|Q10758 Keratin, type |l cytoskeletal 8 1.394 1.339 1.334 1.646
tr|G3V9E3 Caldesmon 1 2.335 1.589 1.630 1.636
sp|Q9ER34 Aconitate hydratase 1.351 1.365 1.369 1.565
sp|P32755 4—hydroxyphenylpyruvate dioxygenase 1.26 1.482 1.205 1.5627
sp|Q8CFN2 Cell division control protein 42 homolog 1.483 1.570 1.329 1.504
trMORBJ7 Complement C3 1.292 1.268 1.789 1.472
sp|Q99MCO Protein phosphatase 1 regulatory subunit 14A 1.775 1.653 1.945 1.467
sp|Q9Z0Ub Aldehyde oxidase 1 1.605 1.859 2.322 1.399
tr|[F1LP60 Moesin 1.378 1.201 1.281 1.383
sp|P09811 Glycogen phosphorylase 2.818 4.695 1.802 1.322
sp|P17220 Proteasome subunit alpha type-2 1.521 1.557 1.332 1.282
sp|P28064 Proteasome subunit beta type—8 1.256 1.381 1.399 1.259
sp|P46413 Glutathione synthetase 1.253 1.306 1.224 1.214
tr[F1LNYO Uncharacterized protein 1.316 1.376 1.439 1.194

(B <0765 F i), H&g ik Hr<0.05
INZEREA, S5X R4, R 44 ]
R 4 E B 22 R B A T A i o 128
113, 106+ 1274, HHrrE4A I (8] i35 2 35 36
KERMEA4Y, BRRENEATN, T
WEE 124, EEYEERR LM IERE
o, 2.

23 EFERREOHEMZEF oA KL
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BEARZAGEERTRIZHR,. &5
IKARARY S L e S s 25 DR (K13). 12 H
STRING 9.0f5 % 2 7 8 HAH BAEH (K14). H
A LR DGR Y R I R A e R
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mzA®HE

iTRAQ#E A: #| A
% FF e 7 PR A
xt & @ K b
FREATARIS, B
24 % B R 5T
FRECHHAT AR T4
ey KR Fe s F.
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Ratio
Accession Protein Description N3:17 N4 17 T5:117 16117
sp|P02761 Major urinary protein 0.213 0.338 0.373 0.208
tr|G3V697 Clock homolog 0.180 0.490 0.471 0.667
sp|009171 Betaine——homocysteine S—methyltransferase 1 0.644 0.446 0.508 0.337
sp|P04762 Catalase 0.577 0.547 0.519 0.576
tr MORDHO Glycine N—methyltransferase 0.546 0.393 0.555 0.510
sp|Q8CHM7 2-hydroxyacyl-CoA lyase 0.652 0.579 0.590 0.581
sp|Q5M876 N-acyl-aromatic—L —amino acid amidohydrolase 0.663 0.599 0.593 0.613
sp|P04904 Glutathione S—transferase 0.481 0.429 0.649 0.499
sp|P52759 Ribonuclease UK114 0.522 0.656 0.396 0.546
tr|D3ZIC2 Protein Uroc1 0.450 0.395 0.679 0.245
sp|P07632 Superoxide dismutase 0.697 0.648 0.769 0.498
sp|Q4QQW3 Hydroxyacid—oxoacid transhydrogenase 0.646 0.396 0.772 0.425

Reproduction, 2% r
Nucleic acid binding
transcription factor
activity, 2%

Binding, 2%
Establishment of
localization, 3%

Developmental
process, 3%

Immune system
process, 2%

Positive regulation of
molecular function, 3%
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[ Catalytic activity, 30/4/

\ Localization, 3% e
Signaling, 3%

Cellular component|
organization or
biogenesis, 4%

Multicellular
organismal process, 4%

Multi-organism
process, 4%

Response to stimulus, 5%

B 2 ERTARONEYHZEDN.

1(peroxiredoxin-1, Prdx1)& A . & &AWL R
fi#2(peroxiredoxin-2, Prdx2)& (1. #HA MY EL
{1 (superoxide dismutase 1, SOD1)FEH .

AP 4 N T 3b(eukaryotic translation
initiation factor 3 subunit b, eIF3b)&EH. a2-
HS-## 5 [ (alpha-2-HS-glycoprotein, Ahsg)
EEHAMGARRMEEL B (thiosulfate
sulfurtransferase, Tst) &g [ 7 1 & A2 172 H
E A NS, Prdx 1R HER 108 RiLE L
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Reproductive
process, 2%

biological process, 1%
Growth, 1%

Negative regulation of ‘
molecular, 1%

Negative regulation of

Metaboli process, 12% ‘

Single-organism
process, 13%

\Cellular process, 11%‘

\ Biological regulation, 8%

Regulation of molecular
function, 6%

Regulation of
biological process, 5%

P, ZIRME12/8. FI18E LRIk BZWH
I Prdx285 AR FRET RN, HRIAER
A v, SR8 Rk iR e, RO RGN T
1.7, Tstir ARIB R F N 1ED 1 & 5K
Fi3 s, EEE 10 KRB EILSR K. eIF3bEA
RIEBETNNEE, BAAEARERTIEWH23
&, 108 R KA B R m g, 2 J5H
FTBEAG. Ahsg (AR RIEE4. 18I AT
HEm, 510, 128 FREREEL SODIEARE
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Positive regulation of
molecular function, 2%

Transporter activity, 2% ‘

Negative regulation of
molecular function, 1% \

‘ Cellular process, 3%
‘Enzyme regulation activity, 5%/
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