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Table 1 Proteomics approaches for biomarkers discovery in NAFLD

x 1 ZFEBREFTE NAFLD S F15 BIAR S 9T = A B9 B

WESEH B SO FEA WF5E 5 ISR S R
NAFLD %) ] 7§ 4L 77 NAFLD. NAFLD f£iFfi§f 2-DE 454 AN EFFRIEEAN, HLh CDSL o LAMEN [5]
PR &S fk.. NAFLD fJif-f# 4k fl HCC  MALDI-TOF-MS NAFLD & J& 4 JF Ak () g ik hr &4, 45 &

I35 25 A HA SO A 22 e 2 1 o (80 B 1 S A ) T DL 43 2%
JiTE.
NAFLD & Wi 80 9 BEARiZ I CHFHi4 . A1 SELDI-TOF-MS & H A 3 AL UEHE 25 I IE A 2 U A IE 3 1) 24l (6]
RS WIbREY KGR AL PE NG Wi F . NASH Bt U AR PERR AT« NASH & 8 i 4658, 1 9ok B - K LA
W PRI AR I £ R 24 491 16 N I35 Jo 1A B IE . X Heide T AQ R (1) 8 1 5 R I 41
H"ER HH o B WFEES, AT REW LLRA AR
JHF IO 4534 R 5 119 I ¥ A 54
NAFLD £ Wi 80 195 M2 (K AE ks P B 4litk  MALDI-TOF-MS # K  MALDI-TOF-MS 7t 12 Wi NASH 5 [X 43 | 75 K5 (7]
RS WIbREY MR, NASH By B35 #1019 4l P Bl P I U5 JEF AT NASH HP 3 A7 11 PR S A
5T TEH N B 1ML 2 AR i, HZRILA 15 A n] B8 n] L3RR NASH
BRI R
NAFLD & Wi HEHIZI 16 B RGIEIER & F HPLC-LTQ-MS TR AL IEFEA M ILA 605 2 R RIEE A [8]
RS WIRREY 69 1 AE W0 K o B Al v IR W IF . BIARRRE REBOR JBU(FDR < 0.05), b 6 8 A R4l 4 r LIX
5T NASH. NASH F3/F4 %y Bt i3 53 1EH F1 NAFLD —FrBUwfs, % 76%, 3
A 1M 2 AN A RALA AT LUK 4 NASH F3/F4 55 oAl
B NAFLD, &N 90%, 2 MEARAERE
554X 48 NAFLD 5 T R
NAFLD & Wi 3B 12 00 AR WORS Pk S 4 g 17 2D-DIGE 454 AR TR Tk S 4t MR T . L0 NASH B B2 [9]
Ao IAbREY  FF. 50 NASH FrB i IE 8% MALDI-TOF/TOF KILE AR 22, 214, A CPS1 il GRP78
5T % 6 AN 6 B EA IEF A BR AL I, AR 0] NASH B BUF I 2040 5
FER; B TS G R WE N, FF HAR B35 i Pt b %5 NAFLD % 2
BRI, B LT AR
NAFLD £ Wi 167 Bl ELHIZ AR AR MIRE  RAEEQ SR JE TS FWEEh PKB A IRST /K- 5 n] [10]
Ry WIbREY) NAFLD &3 W IER i 4120 Q7 MlRLER) PLTR I NASH, JEF PKA PANIEHEFI GSK3 [
i =P T I A 7K S P ASE 28 ) LT NASH AH 9% f) £F

Ytk

CD5L: CD5 $iJ525/B14(CD5 antigen like); FDR: i &% Bl % (false discovery rate); PKB: % [1i4/§ B(protein kinase B); IRSI: [ %%
{AJEY) 1(insulin receptor substrate 1); PKA: 23/ A(protein kinase A); GSK-3: JF#H5E & L 4ES 3(glycogen synthase kinase 3); CPS1:
I L IR A K 1(carbamoyl-phosphate synthase 1); GRP78: i 45 B i 15 2% 4 78(78 kDa glucose regulated protein); 2-DE: X |i] &t
FL ¥k (two-dimensional gel electrophoresis); MALDI: & i 4ili B #0'% fi# A7 F8 25 (matrix assisted laser desorption/ ionization); TOF: & 17 i [d]
(time of flight); MS: Ji{il%(mass spectrometry); SELDI: 3 [fj 3% 58 A AT L B9 (surface enhanced laser desorption/ionization); HPLC: =%k
WAH {03 (high performance liquid chromatography); LTQ: 2kt &5 -7 kDU ¢ (linear trap quadrupole).
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Bt ARR S8 i B BT MR AN R B AT
Prigesly, i HaURAEAE G IFIE, ARG 25 7
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X A5 /N RS S PR AR v 2 KT T %, Younossi
SO AT TR 7 2 2R B R AN B T R A R UL
NAFLD 43 ¥ N 9T, R R AR B 58
T 27 AR U 22 R RIA, W IZREE
) AT SR AR K B0, 45 R 2 F 2% PKB
FTIRST [AAS AT LT NASH, 3T PKA FiANE
FEM GSK-3 [ AR R mf DA NASH AH G ¥ £F 4
1. NAFLD PR H 15020 2 IO AIE 90 0 R LR IE
FAR IR SY 2 52 W NE DR AR A ), (R Rl
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P SFN 2540155 SV IR A5 o4
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BlEE R CE SR &R 02 2 e R e =
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e ARP, JEF HPLC-LTQ-MS [ 3F 5 % & £ AR ®,
B AR E TS BRI, SEEGH A 1 58 AN
HEBhR ST 5T IR
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—EWbR B W 23 W () S R R
ANHA, 25 FhrEY) (multi-marker) 7] DL
PERUBNE. Bell S8R A 2L T HPLC-LTQ-MS 11
b o B 10 5 22 00 B 4% 40 18] I 3% 48 1 5 K P 1A
1, KL 6 MERAASETYE g . MRS &
A 4. MIEVERFE P s>« Lumican. transgelin 2
F1 CDSL)A] LAIX 43 1E # AT NAFLD =B BOwFE, %
I 16%, 3 MEARAASEMER A C7. RS
FREAE KA 16 TR BB FE A transgelin 2) AT PLIX
4> NASH F3/F4 5 . Ah B Bt Y] NAFLD, J% ) %
90%, 2 ANEE R A (kI 25 7 BORIGH U BE I 1) R
SEATX 4> NAFLD 5 AEREXT B, i o2 1 5 G v
MR, AP ) R R e A —
PREE, i ELAE LAt A 1 FF s B A A IR 2 B K
. PIUAY DXL M bR 5 40 4 HERle— A~
i NAFLD [HERf 2 IE AT 5E, JE T 45 & HAh
AR TS 2R & T, AR i e
Wr P HERf . Younossi 251N AWM B 2%, 456
ARSI b ) st Tt A28

2 NAFLD X% X BHHIFR

H I NAFLD [ 5 R BRI AE 2, AN
5 RIDTRAR RIS S e s B B 2R 52 . A
BN JAE. AT RBEERALAHRD. (R T
(AT TCTE A % NAFLD &9 AL 4 R L A
WL O T OB 2 5 L L 25067 HE R
18 72 51 8 5L A D5 R T JE DR R I 7 4
ML SIIAT (R 2).
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Table 2 Proteomics approaches for pathogenesis study in NAFLD
R 2 EHREZFTE NAFLD &£ % BALEI 5 a5
WFITH (1 SR FEA HF53 5 WL Zt AR T 22 ik
NAFLD &R LA R I8 fG. FE  iTRAQ 45 & B4l HMrBtfrg 2w Lik&E M RT-PCR M IHC: [17]
5T KR Al PR RS WM i R B9 NP <005, HP 7 Lumican il FABPI
NASH FITE [ NASH FrBt %  ESI-Q-TOF A A5 JH MR ot ) i AU
10 91 {16y JE Jo 52 3 (0 I 0 26 JUE 98 AE A5G, Lumican A
SP5it FABPI 1] fig{2ijt NAFLD.
mo RO T mIRRE S SRR SR 2D-DIGE 45 & HBE R RIEE AR Western blot:  FABPI, [18]
NAFLD & BUH  a0PEfe it AEFks P40  MALDI-TOF/TOF 53, 42, 49 M%7 1.5 f ECSHI. PDI. PDIA3/
PR PERRITIF AR S PEAORE . BOR PL L, P<0.05). MIh% ERpS7. ASS. CPSI.
NASH # By BB K BRI iF ECSHI (¥ N i f¢ 8 i  14-3-3e+ CFL1 A1 MIF
I 2 M A
IR RE A8 G B RARBZ TXNIP (7 H il 2-DE &4 AN ZESFRIEFEARP<  Western blot:  CAT [19]
JF & AL R = 8 i RE £ IR W7 AT A 78 MALDI-TOF-MS  0.05), gkl 2 4% SDHA
W HeB19 /I U £ 141 )5t SN 5t %35 % A i (PCCA Al RT-PCR:
3-HAAO) [ BEZ 5 =i flg 1. peroxiredoxin 1
SE PR ST R A2 R R
We 25 8 Wi R WA ENIR SN L 2-DE &4 14 A2 RIEE A (M RT-PCR: ERp57/ [20]
NAFLD &ML 1-02 4 i 8 (A i MALDI-TOF/TOF 7% 2 f LA |, P<0.05). PDIA3. HSP90 I
R SN B Ih B iF ERp57/ PDIA3  FAS
80 U A P A R %
fen ) P B a R ISR S s S 2D-DIGE 45 & e, JEN KW # L[R5 Western blot:  BHMT [21]
ILRE 76 JFFE RS B e e A/ SR FE - HPLC-LTQ-MS FZERRIEE AP ARG 1
R WALE R AR HA 27, 9. 1443 2 1%  ELISA: GNMT Hl
5T BLE, P<005. 25%% SAHH
LA 5 PR
1%/ AR E R KR
PEH NG A AL
AdoMet 7 NASH MATI1A-/- /)N AT 8% 2-DE #i#y 117 AN ERRIEEBE L, Western blot: [22]
KR HLE R AR MALDI-TOF-MS i 4 MEA 52 ki4A&  prohibitin (PHB)+
WY Yy ReAH 2% . AdoMet it i ATPSB. COX-1
) NASH B RUIFIE iR f&  COX-2
Thees it . KA N Northern blot: PHB.
¥, ¥R PHBl. COX ATP5B. COX-2
RIEN TS5 NASH [0 &
AL 2 DA K.
JUELENFIENE BT B ob/ob SEEE /MR iTRAQ 454 AN T oblob /N, I G [23]
AR HLA R R ob/ob X BE/N UK RP-HPLC 1 L FR Y oblob /N BRE 3 A
5T RLAREE ()5 MALDI-TOF/TOF £ hi A Hi + % 12 i '~
HA (P <0.05), 2 /Mg
RS (P <0.05). X155
LR RLAARARE, S5 1) s
HH—HL.
TACE 7f NAFLD EAHNEWIEIF R EZRK =g UPLC-Q-TOF it 38 N#ERKIAHEE T, & Western blot 1 [24]
KO HLE R R Timp3-/- AN RAOITIEE  BOHECR &N N Hih=FE RT-PCR: ADK.
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5 B T IR AR A O
SEH. W% R TACE
Iy £ s MR R 5 S R
T EACHT . (Lt Tk g

GNMT. MAT I /Il 1
FABPI




HLBI TS

&N

1.5 f5 LA I, P <0.05).

SBP2. GSTMI Fl GSTPI
TEHE K AV A UK P
BN, kAR MR
JRAR 20 R R0 4
JEHZ X LA B
% 5 NAFLD JT g 2%

GSTM1 1 GSTP1
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Continued
WFITH (1 SR FEA HF5E 5 WL Lt AR T 22 ik
JIg 107 IF 26 b A 3 W FR 12 R At g i iF - 2D-DIGE 454 40 N ERREHEAT(P< J [25]
AERF Y B ob/ob /) UK ITHE 4 RPLC. ESI-Ion 0.01), Hrh 32 AT
AR 1 Trap T H LRRLAA. JTFITLE Rk R AR
HAR TIERE SO, WAL
Mt 4 B A b (acetyl-CoA
pool) F {3 i i JIF 42 4k 12
IR AR DG L L A 25 1 TR
ERAET HNAE .
NAFLD W EAR I 99 Bl B2 M T #i05.  RAH & @ WS v+ NAFLD & 3 I8 i 41 24k " [26]
AR Tl AR PR VAR AT A BRGAANZ & s BEMBKEL, R
ST TURSHERG TR S 46 530 0% 10 A R) 0 S ik i 00 P 2 2 i i 41
AE A1 NASH [ AE JHE S8 25 (%) W I 42 R0 oK g et 22 05 380 i v 2 1 U
P JIFE i T 2L 2R (4 E4=V) TG Y NASH &35
M S5EAR 98 HIRIHMEH LI cDNA S AR X G I A5 4 T R ke " [27]
21 45 A% NAFLD - ARk M gt g i iF . dF - SELDI-TOF-MS I, cDNA B H 4R EBoR
R HUEI R bR & WORS R B AR AR AT A AR AR ARG M B At IR T
Yo SPE 4 RE. NASH & Bt A R e sl g O T
JEL B 55 T S mRNA I e P RAE . NASH %
ML B 15 B B 14D A e 55 A 45 AT
7. 3. 14 NFRIEE IR
(%28 2 fi5 L 1), R
N5 WA AR DG, T b
RN 2 5 AR TS AL
MEFAEE & ARG
F R ER B RRAF
A ZE RIS (%
HEAS5EAM SR IR CS7TBL/G6 /ML 8 cDNA 309 22 RIEEL (AL RT-PCR:  SBP2. [28]
A4 A5 m IR FES AR ALY 2D-DIGE 454 2 %Ll B, P<0.05), 12 GSTMI #1 GSTPI
f{E NAFLD &% FFiE&E A MALDI-TOF/TOF A% 5 KL E A (X4 Western blot: ApoE-.

FABP1: JEWIRSE &5 H 1(fatty acid-binding protein 1); ECSH1: BE4HEF A /K& (enoyl - coenzymeAhydratase); PDI: 2 (4 s 5544
fit§ (protein disulfide isomerase); ERpS57/ PDIA3: £& 4 i % 7 #4 ¥ A3 (protein disulfide-isomerase A3); ASS: K & Bt 3% ¥ 1R & )k
(argininosuccinate synthetase); CFL1: 22Y)8[1 1(cofilin 1); MIF: E g0 #2401l X 7 (macrophage migration inhibitory factor); PCCA:
LGB A R ALEE o BF (propionyl CoA carboxylase o chain); 3-HAAO: - ¥ ALAR & FEZK IR 3, 4 XU N4 B (3-hydroxyanthranilate 3,4
dioxygenase); CAT: iI% 1LY (catalase); SDHA: IE MR £l (succinate dehydrogenase subunit A); HSP90: # K 72 4 90(heat shock
protein 90); FAS: Jii[Iil% & fi(fatty acid synthase); GNMT: HZ & N- H 3L 5 i (glycine N-methyltransferase); SAHH: S- B[R] 24 bt
SR /K B (S-adenosylhomocysteine hydrolase); BHMT: F 3266 [ 74 21 e & 12 7P JL % B il (betaine-homocysteine methyltransferase); ARG 1:
K2 R 1(arginase 1); ATPSB : ATP &1 B WV 2L (ATP shyntase beta chain); COX-1: 4}l {4 % ¢ % L [ (cytochrome c oxidase | );
COX-2: 41t % ¢ HALE 1T (cytochrome ¢ oxidase Il ); ADK: [# T ¥ (adenosine kinase); MAT [ /MM : FF i & 8 R 7 3L R 8 1
(methionine adenosyltransferase 1); SBP2: fifi 45 % % [1 2 (selenium-binding protein 2); GSTMI1: % Bt H Jik S # # f§ w1 (glutathione
S-transferase, w1); GSTP1: &M H Ik S #HHF w1(glutathione S-transferase w1); ApoE: #/IF% 1 E(apolipoprotein E); iTRAQ: T AH%}
4 % 52 5 45 & 57 47 450 28 (isobaric tag for relative and absolute quantitation); ESI: FE It 55 2§ 1 Ji (electrospray ionization); Q: Y # #F
(quadrupole); 2D-DIGE: X |i] %¢ 't 2 57+ %t i HL ¥k (two-dimensional fluorescence difference gel electrophoresis); RP-HPLC: A i 280 AH €1
it (reverse phase high performance liquid chromatography); UPLC: i 5 2 AH (1L 1% (ultra performance liquid chromatography); RPLC: J%
WA (3% (reverse phase liquid chromatography); lon Trap: 55T FF.
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= ATRAQ Frid, FEAFRARX D, Syl
OB B AR TEVE S8 AU IR, (IR Y
— PRI AT Al A AT T RN T 18 HL AR RO BIF 5 58
W
2.1 wE. BREZRFEES FE NAFLDAFH
H FIEFR BIRR R
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Wi, M2 SRS 8 R # R BT ¥ NAFLD 4267y
TR TRYT R R

NAFLD % RURI & [ PR 32 B R AR 8 . Ml iR
1. B3, JRRE. 2 BUREIR . i, i
PEATHE A TR Y RIS 2 B e 2. ARS8
% Zhang SEUSSR FH 2R 11 AL 2 O V20) MR AR B AE
NAFLD A AL A AT 0F . A3 B,
e IR A 75 3 1 K BRI TR 2 Bl P M I 22 e
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URERN IS R, AETPORE P Sl 1 AR s 1 s v
RIEM BLL) 25% bR E (1, B 44035
LR H TR IS R AL M B2 110, NASH Fiy
BT 20% 40 M1 2885 1. 454 RNA T30
AR, SR T BT RIS E IR 05 A2 4 A=
A7 T AT 9 8 1 5T ECSHL. A4, AP
RIE, KA L2 7 06 TR E NAFLD &
LI TR A - AT SE. Van Greevenbroek ()
TESI VBRI 2 AR I A R A DG 8 11 i
(Z 54 W15 FH 1) PCCA F1& 5 J& 7% A3 1
3-HAAO); Wang “EPOEAN /K- 54k 2] 14 ANRIE
ZS5 2 UL B E AR, THLE R B i ERpST
RIAJG MR 41 B 8 i % F kb, Ti7R ERpS7 7]
BELE NAFLD & 25 T A 105 742 1) e AE i A7 — e A
F. XS R LI NAFLD &5 AH G 4 k] g
(R N OREEE Y

25 NAFLD KLl sy 7z, B2l
R AR AL F RN A LS. DiBello
SRV, )7 R I /)N BRI 25 S 0k B
FURFEEES 5 R A R/ s Rl K%

TEIARRBTEALB B, ik, YD T A i R 2
bk S 1 5 5O UK G W5 A2 1% 23 7 HL . Santamaria
SRR, S- MRAT R 24 R (AdoMet) i B /I il B
MATIA-/- /N (PR Z R IR T e il 1A DR bR
/N RR) 22 e 3R B 10 A AR sl b A B
b 4 AN 5ZR AT REFHOC, HEW AdoMet Hff 5|
A T I 2 R AR Ty R4 0, DA T Al 40 i R A= A
B ENE, B B PHB. COX #3%1K) F 5 NASH
SP)M G, Singh 2521 B8 2 ALK ob/ob /)N Bl
JHF U £ b A4 v 7B A8 il . B IR TR CoA 251 RN 1
FHEAE MR R A KB R IA N, W ATKCTIESE
TR FE AR R A D) RE, AE RN FIAE T
B FH I e 5 AR 30 2 1) 43~ AILIRIREAT T WP IR R
Fiorentino %5 P44] 21 filt ¢ I I8 IR K DA o % FH0 1
(TACE){E etk & 55 Nl 775 2 5 A
PR RIS GE IR A . XX 28 d 27111
AL 2E 90— 5 T AEE AR b i) B X 28 5y 1 A
NAFLD A0 P i n] EAILHI, B 2L /2 4 NAFLD
R AR AL T R,

2.2 YHREE B R FH %R NAFLD & fwilH)

T IS 5y B AL 2% B A A 2R e 2R 1
AR T RICTF BRI E I, A3 B 3AT
AR K T e o 4 i 4% DI §E. Douette 552
X H 2D-DIGE %% RPLC. ESI-lon Trap ¥ /it % H
FEARTIFT oblob /N UG 22 AT 42 R A4 B 11 o 4
WA, SR BIRERAR T S 5T SRR A
FERS i 107 A A B AR DG B 1 R IA R AR T 0
NP XA FRATIT 2R R R /E NAFLD KK
Ji& v HE LR R A T A 1 T
2.3 EBIFEHREZFHR NAFLD &% &+ X<
ERptili

i Y A FORI A AR il T, R
WAL 2 H AT T i =27 5. SR 4l
LA TIRATNEE R FUEE NAFLD KAk JE e
I B RS K M AR . Calvert 25 P9 R EEAT
NAFLD P8 6 8 [ R4 5258, &K 3L NAFLD &
NG 2H 2R K 2R TE B 2R L, RO ARV RS M gl
PERRIDT - 58 AR I 20 2R B 2% 38 % v 2 1 R Ak
FEEELL NASH &%, Mkl 41212 5 NAFLD
Jod BRI R (R0 Ut B AR Ak s . WU IR 7 4
SR Iy 2505 9 0 % P — S8 R R IR A 1 R T
RE DX 70 NASH AT E 9 RS P 5 i vE JIg 05 1. bt
SRR BEIR AL 41 2 7F NAFLD BIF5% B4 v

i35
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Fig. 2 Possible mechanisms of pathogenesis of NAFLD
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Recent Progress of Proteomics in Nonalcoholic Fatty Liver Disease’
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Abstract Nonalcoholic fatty liver disease (NAFLD) is a common chronic liver disease with an increasing
morbidity. However, its pathogenesis is still elusive and its diagnosis and treatment need to be improved. The
emergence of proteomics has pushed NAFLD research forward and twenty-one associated studies have been
reported by now. Recent progress in proteomic techniques allows evaluation of molecular changes associated with
disease, thereby permitting to identify novel biomarkers and therapeutic targets. Herein, the application of
proteomics in the study of the diagnosis, pathogenesis and other related fields of NAFLD were comprehensively
reviewed. Firstly, empirical knowledge about categories of subjects and samples, experimental methods and
biomarker selection was summarized. Secondly, in addition to studies utilizing proteomics to explore roles of
etiological factors, risk factors and important molecules in the pathogenesis of NAFLD, studies of NAFLD
pathogenesis by the means of subcellular proteomics, modification-specific proteomics, and the integration of
proteomics and transcriptomics were also shown. Thirdly, methods for analyzing differentially expressed proteins
and implications of these results were highlighted. It's hoped that this review can help to promote the application of

proteomics in exploring disease pathogenesis and discovering novel biomarkers and treatment targets.

Key words proteomics, nonalcoholic fatty liver disease, biomarkers, pathogenesis
DOI: 10.3724/SP.J.1206.2010.00566

* This work was supported by grants from The National Natural Science Foundation of China (30871154, 30700356, 30900677), The International
Scientific Collaboration Program (2009DFB33070, 2010DFA31260) and The Natural Science Foundation of Zhejiang Province (Y2090463).
**Corresponding author.

LI You-Ming. Tel: 86-571-87236603, E-mail: zlym@zju.edu.cn

JIANG Ying. Tel: 86-10-80727777, E-mail: jiangying304@hotmail.com

Received: November 3,2010  Accepted: February 24,2011



