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[ ZE] HM: SO B %I laser capture microdissection , LCM )24 7 [ 41 245 A 5 2 IF 40 i 985 hepatocellular car-
cinoma ,HCC ZH 41 Hms2 4 2N 22 7 2R A, 0T — B LR 2R — B Bk /B 1( dimethylarginine dimethylaminohydrolase
1, DDAH-1 )ZE TR IR . T35 BEHL 2003 — 2006 4F (] 4% 75 P AH SR I J5 % VT 20 8 1 5 1 T R VD B AR
40 19, FIF LCM A 53 B8 3 0988 20 40 B g 55 AL ) FF S B A R, g FH — 46958 B L Uk 82 R two dimensional gel electrophore-
sis, 2-DE )i e 4 bR AR 3] 22 7 F R 450K > 80% (22 F 0k i > 3 A5 A8 [0 45 o FH FL IS 25 ER I 3% electrospray ionisation
tandem mass spectrometry, ESI-MS/MS ) I 5L T OGBS K AT B A] R 1% matrix-assisted laser desorption/ionization time of
flight mass spectrometry, MALDI-TOF-MS ) X} 2= 5 85 (1 o #E 47 B3 % 2 43 M7 ; SR . Western blotting [ i 5 414k X} 22 7 & A
DDAH-1 HEAFRGI . 45 R« 2-DE ffi# 3k %fﬁ?ﬁ&ﬁ%éﬂr/\%#il_ﬂﬁ%ﬁﬁ AR 20 Al B S E AR 12 MR,
Horb 5 MRS B, 7 AR 5% 12 D E TS QA 85 o0 B A5 S 45O, o iy DDAH-1 22 5
= — A RAR S B TEZLM . Western blotting A {27 ,20 FilARAH 16 ] DDAH-1 ik B 5 T+ 5 e 4 A A I E 512, 10
filkRA DDAH-1 A3k Bk ek . B0 AF40MusE L e rh 7 A5 5 12 425 78R 7R 15T, HiH 9 DDAH-1 7ENT 2141
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Laser capture microdissection combined with proteome analysis in determining
differential expression of DDAH-1 in hepatocellular carcinoma

WANG Qing'*, HONG Yi**, HU He-ping'*, TAN Ye-xiong’, Al Jian-hua’, LU Hao-jie’, LIU Shu-gin*, WANG Hong-
yang’( 1. Department of Gastroenterology, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University,
Shanghai 200438, China; 2. Center of Biomolecular Signal Transduction, Eastern Hepatobliary Surgery Hospital, Second
Military Medical University, Shanghai 200438 ; 3. Biochemical Institute, Fudan University, Shanghai 200433, China )

[ Abstract ] Objective: To investigate the differential expression of dimethylarginine dimethylaminohydrolase 1( DDAH-
1) in hepatocellular carcinoma ( HCC ) and surrounding non-tumor tissues using laser capture microdissection ( LCM )
combined with proteome analysis. Methods: Forty surgical specimens of HCC were from patients who were treated in East-
ern Hepatobiliary Surgery Hospital in 2003 —2006. LCM was applied to isolate hepatic parenchymal cells of cancerous tis-
sues and surrounding non-cancerous tissues. Two-dimensional electrophoresis ( 2-DE ) was used to screen for the differen-
tial expression proteins ( the differential frequency >80% and the intensity >3 times ). The differentially expressed pro-
teins were identified by electrospray ionization-tandem mass spectrometry( ESI-MS/MS ) and matrix-assisted laser desorp-
tion/ionization time of flight mass spectrometry ( MALDI-TOF-MS ). Western blotting and immunohistochemistry were used
to analyze the differential expression of DDAH-1 in HCC. Results: Totally 20 protein spots were identified to be differenti-
ally expressed between HCC tissue cells and the non-tumor tissue cells. Using ESI-MS/MS and MALDI-TOF MS technolo-
gy, 12 spots were identified by peptide mass fingerprint ( PMF ), with 5 spots upregulated and 7 spots downregulated in

HCC cells, including metabolism related proteins, cell signal proteins, binding proteins and so on. Among these proteins,
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DDAH-1 is a critical regulator of the nitrogen monoxidum ( NO ) signaling pathway. Western blotting showed that the

expression of DDAH-1 was markedly increased in 16 of 20 HCC tissues. Immunohistochemistry showed that DDAH-1 was

localized in the cytoplasm and was highly expressed in HCC tissues. Conclusion: Twelve differentially expressed proteins

have been identified in HCC cells. DDAH-1 is overexpressed in HCC tissue, which may play a very important role in the

mechanism of hepatocarcinogenesis.
[ Key words ]

dimethylarginine dimethylaminohydrolase 1

HF4mHedE( hepatocellular carcinoma , HCC )& 4
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RN IR AR DG HE S A ARG I B2 Bt 1 AR R A 1Y)
Tk o SR, AN R AR TR JE R UK, 24
ZUEAR I AR R 2 R REA ) S Bk T 4F
K, WEOGHE AR AP # 4 R( laser capture microdis-
section , LCM )2 b JH T4 5 ol 245 11 400 i 3 2H 4R ) o
46 BED SR e L 2 IR A 22 SRk R i
RENTFR T,

ABIFFENEHT LCM 52 A SR 5 1 4 Jd Js 4 23 e o
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sional gel electrophoresis, 2-DE )F AR | HL B 55 B B o
i (electrospray ionization-tandem mass spectrometry,
ESI-MS/MS ) £ A 505 B SO e A L 2R AT i
[a] i 3% ( matrix-assisted laser desorption/ionization
time of flight mass spectrometry, MALDI-TOF-MS )
AR TP 20 22 e 2 0K B P A O A RS R, 3R A
T 12 MENPEA LU 55 VR R W] 2 22 S 1Y
BB P PR v g R I R A B AR O i
F NS 2 R — W B K % 8 1( dimethylarginine dime-
thylaminohydrolasel , DDAH-1 ), 3t — & Ll Western
blotting Az fitya 20 1 75 v A6 I A T8 2H 20 5 0 5%
HA MR, IRADEIE DDAH-1 LE R A2 |
KR BUAE SR BERE R S R AR

1 #R5EFEE

1.1 WA fedhb

IPG fig %5 ( pH 3 ~ 10 ) Jz 2-DE i 71 4 1l A
Amerisham Pharmacia Biotech 2y H); TFA T4 H Acros
AWl ACN W [ Baker 22 7] s DDAH-1 SEHT A 5w
PO A Acris 2> A HAB R A A Sigma 2 Ao
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Leica CM 1900 #YpK PR Y] AL O ) #1107
[E Leica Zv ] AS LMD %I LCM , Ettan IPGphor [#4H
pH A 3 45 1 B A2 Y Ettan DALTsix & £ HL AL  Im-
age Scanner AN EE GE AR M. Figa
Mr & 4t 32 [H Applied Biosystems 23 ) [ Voyager
System 6192 & Sl B 6 e/ v 25 %A T s ] 3%
( MALDI-TOF-MS ){¥.,
1.2 #FARE

TEHL 2003 —2006 4 [8] 4 5 RH AR B B Jirt &
PEIT4H AL 28 25 1 T R VIBRARAS 40 B, JBE YN
HBsAg B, Horp B 27 6] Lotk 13 4], P2 4E %
(52.3 £7)% s RETH AR LEFRIGTT , Hm B4 1134
4 Edmondson's M. FrA i Bl n AR 42 2 B &
FHIIERI . Hrp 10 BIARAL: 4% PR [E 5
FUAT AL gz g AR A 5 30 BilbR AR T UIBR J5
T PBS ik, IR 7R T A T, AT LCM FI
Western blotting £l
1.3 R4 3K 20 2 AT & 2 e

fdiFH Leical900 Y] 5 ML - e i 55 vk R 20 41
YR (YIATES ~10 pm ), IF50 R 2 4. —HIET 2-
DE s 7 — U8 T3 R b, G AOKS Fn 2 e
o, H Leica AS LMD B3 UIBIALHEAT U1 F, SO0 R
FI AR 60 wm , 558 K 80 mW , JOGHE il 4 % 2
500 ms ™', FEREOEIT T 20 ~50 MUME. BEAR
1 x 10" DML T 2-DE 2@ .
1.4 2-DE &M mmie b 27254

WFREANMEAEAS 4 C &0 M 13, Bk 1PG
K25 12 ho —#HC IEF )HL % 400 V.20 min,3 h &
WA E IR EAE 8 000 V,7 he —AHSE WG, 764
1% DTT WPEATH T A 2. 5% ML 2 BEH TAA )F-1if
W 430 7 15 mine 5 A HLIKCR FH 12.5%
A —ME ,5 mA 3K 3 45 min,20 mA B & IR B i bk
BRI, Y. 2-DE 4. 01 AT
(N i
1.5 MBRAL KA ZFR OO RESN

PSR 55 2040 2-DE I8 F F A 25 09 5
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I 1 ~2 mm? B3R, 37 25 mmol/L BRIR H &/
50% 5 AL F e ph vk, B A Ve VR TR S A 0. 01
mg/mlREF 10 wl,4 °CHCE 30 min,37 CHRIE 18 h,
AN 5% B 100 1,40 CAEFI 1 h, Wi B3, o
2.5% =F LR 50% N 100 wl 30 C R 1 h,
WS VEW, A IE 2 R BT R T, 10 wl

0.5% =R LRV VR T 1 KB, B ] LC-ESI-
MS/MS F1 MALDI-TOF-MS X} Bk Vi &4 347 B i #n
JRFE 8 AT -

ST A K 2R AR B A R R AR T
Mascot http://www. matrix science. com, i 1
NCBInr } Swiss port £ )57 51508 FE A TR 2R o
1.6 Western blotting # | AT 5% 41 22 ¥ DDAH-1 &
B 6 Rk

A2 S F TR 1 P e R S IR A 1l A DDA
KM DDAH-1 #4750k, R R 24 vk R4 2L,
FALH, A EE, FH 8% ~18% SDS-PAGE Hi ¥k
I, FRHERH 60 pg. HLUKE SRR SR 2
PR AR, 280 R L 5% IR T3 E A 1 h, 2351
FPLAN DDAH-1 BB BEHTAR( 1:2 000 )., AT A
GAPDH B 7aFEHAR( 1:5 000 )4°C & 1t . TBST
BRUE IS 5 R e AL P B 10 I A BT/ BT R
J¥F 1 ho TBST Pl ECL 5% .

1.7 Sedg A EAEMIITIELELR F DDAH-1 & & 69k ik

ABEPRAS 4 wm JEFE I SLY) R, B R K AL,
3% it FAC A AL B, B A UK, —$ih DDAH-1
PO L BEPTAR( 1250 ), {2 A AE W) 3R 7 vk
DAB B8, IR ARAER YL

K Fromowitz 251 ({75 1 %5F G 28 20 Ak 235 S 1)
B YR BEALIES 5 AP A5 x 200 ) HLET, B4
PREF T4 100 A28 A, 3153 45 A W0 o B 4 4 e
M35 6 43 LUAE iz U) i FRAE 40 i A 43 kA7 it
Iy o PEHPERERTSY: 0 ~5% M 0 40,6% ~25% K 1
53 ,26% ~50% M 2 53,51% ~75% M 3 4%, >75%
Hh 45y BHMEE AT TE G 0 45, IR E AN 1
Oy AR 2 4y B 3 . RIES SRAH N <
2 BT, 2 ~3 S s IHPEC + )4 ~5 P E
FEPEC+),6 ~7 43 A BHMEC H ).

2 # R

2.1 LCM %A 5 40 22 4m feL 64 b7 5] 4 3%

fdFH LCM XF 10 M) 988 K g 55 VKR A 21800
3 AT B — ST I S T A0 L 5, kAT 4 45
AR AV HAD B A5 A B 1A B ), K o 5515 2 Y
A5 T Eppendof 4, B 2R 1 x 10° MU

T 2-DE R+ .

M 2-DE A LCM FEAR 5 HCC LA 5K XF
HEREAS ), Z5 R R X IRFEAR S LCM HEA TR & 47
ATFRARL, SRR A3 % HEAE S v () 5K LT LCM AR
O INMAT . FH LCM Rl LBREEA IR 24 9 1L
VR b 2 2R U1 55 s 200 B FC O ) 8 1 A

1 LCM ABHEALAY F EVIRIHIRAF R %200 )
Fig.1 Capture of hepatic parenchymal cells of
cancer tissue section by LCM
A: HCC tissue section before LCM; B: HCC tissue section

after LCM; the arrows show the cell traces after capture

2.2 HEAnLEEFHERTERFRALEONIGE

J5i 1 2-DE Z3Afr Be XS i) 9 20 4240 L 1 g 55 4L 41
AR AR IR IR 2 ), A3 051 i 41 23 I g 55 4 4
4T 2-DE BEEAR S B, V1A T A B X A A rp 2]
(128 57 2RIR A B AR, PRIBUIRRRTE 80% L) E 1Y
BB PR EOGR IR R B 22 R e 3 A5 LA B
e, e 20 1

14 000-97 000

14 000-97 000

2 2-DE #&ifll LCM #3RATE S EEHA
MM ERRIEEH
Fig. 2 2-DE detection of different expression
of proteins between HCC tissue cells and surrounding
non-tumor tissue cells after LCM
A: Protein spots obtained from HCC tissue cells; B: Protein

spots obtained from surrounding non-tumor tissue cells

Jui S X 20 AN EE BT I = IR 4 F )
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MERFA T M EAAHS 6 ~12), 1R, &
fiT4& DDAH-1 . Prx 11 . Apo-Al ( Apolipoprotein A- |
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precursor ), HAD ( 3-hydroxyacyl-CoA dehydrogenase protein )4, X YU (i 2 5 R 40 5
type I )LA A p14.5(14.5 kDa translational inhibitor b R Sl G L1308

F1 ESI-MS/MS S EEFEHAAMEPERRIEER
Tab.1 Differentially expressed proteins in HCC tissue cells identified with ESI-MS/MS*

Accession
No. N Description Mr/pl Matched peptide sequence Score
0.
1 P30066  Phosphatidylethanolamine-binding 20 926/7.43 NRPTSISWDGLDSGKLYTLVLTDP- 304
protein( PEBP )X prostaticbinding DAPSRGNDISSGTVLSDY VGSGPPK
protein (. HCNPpp ) YVWLVYEQDRPLKC* DEPILSNR-
LYEQLSGK
2 P00441  Superoxidedismutase[ Cu-Zn J( EC 1.15. 15 795/5.7 HVGDLGNVTADKGDGPVQGIIN- 186
1.1) FEQKDGVADVSIEDSVISLSGDHC
IIGRGLTEGLHGFHVHEFGDN-
TAGC ™ TSAGPHFNPLSR
3 P52758  14.5 kDatranslationalinhibitorprotein 14 485/8.74 APGAIGPYSQAVLVDR 83
( p14.5 X UKI114antigenhomolog )
4 SHC004  Dimethylarginine dimethylaminohydrolasel 38 498/4.1 DENATLDGGDVLFTGR 81
( DDAH-1)
5 P06132  Uroporphyrinogendecarboxylase ( EC4. 1. 40 761/5.77 AAQDFFSTC™ RSPEAC™ C™ ELTLQ- 66
1.37 X URO-D ) PLRGPSFPEPLREEQDLER
6 P78417  Glutathionetransferaseomegal ( EC2. 5. 1. 27 548/6.23 GSAPPGPVPEGSIRHEVININ- 231
18 X GSTO1C1) LKVPSLVGSFIREDYAGL-
KEEFREDPTVSALLTSEK
7 P02647  ApolipoproteinA-Iprecursor{ Apo-Al) 30 759/5.56 AKPALEDLRATEHL- 217
STLSEKVQPYLDDFQKTHLAPYS-
DELRDYVSQFEGSALGK
8 P32119  Peroxiredoxin2( EC1. 11. 1. - )( thioredox- 21 878/5.66 LSEDYGVLKRLSEDYGV- 196
inperoxidasel ) LKQITVNDLPVGREGGLGPLNIPL-
LADVTR
9 P02766  Transthyretinprecursor( prealbumin )( TB- 15 877/5.52 GSPAINVAVHVFR 68
PA ) TTR)
10 Q99714  3-Hydroxyacyl-CoAdehydrogenasetype Il 26 923/7. 65 GLVAVITGGASGLGLATAER 66
( EC1. 1. 1. 35 )( TypellHADH ) ( endo-
plasmicreticulum-associatedamyloidbeta-
peptidebinding protein
11 P02647  ApolipoproteinA-Iprecursorl Apo-Al ) 30 759/5.56 THLAPYSDELR 34
12 P00441 Superoxidedismutase[ Cu-Zn |( EC 1.15. 15795/5.7 HVGDLGNVTADK 30

1.1)

: The fragmented ion lists were searched with MASCOT in the Swiss-Prot database

: Cysteines marked were modified by IAA during the equilibrium step of 2-DE.

2.3 HCC ¥ DDAH-1 # £ F £ Xk B Ak I s 5 7 DDAH-1 #47#E—2 4. 2-DE kxill( & 3 ) &8
AW AT 12 M EA R TR 2Z 5 RIAEA DDAH-1 78 8 20 240 i e Ho I8 55 20 8L i R A7 7
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B A28 5 R 0K, I 22U DDAH-1 8 H R IX
A 3 AFLL Ry,

Ji ] MALDI-TOF MS £ K%} DDAH-1 4 H #:47
RKFELE( peptide mass fingerprint , PMF ) %5 . X}
2-DE [ F B BE R gEAT D, BRIt v
L), #47 MALDI-TOF MS i, 74 %] DDAH-1 (¥
JIRAE BG4 4 )0 G B R 2R 45 5 3w L ik 1]
AR R My pl A, 2D SE RIS
FNG 2R — H MK f# B 1( dimethylarginine dimethyl-

aminohydrolasel ,DDAH -1 ),

L alde

/

B 3 2-DE il DDAH-1 ZEFHE AL MM F I E R RIX
Fig.3 2-DE maps showing differential expression of DDAH-1
in HCC tumor tissue cells and non-tumor tissue cells
C: Cancerous tissue; N: Surrounding non-cancerous tissue.

The arrow shows that DDAH-1 is up-regulated in HCC tissues
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E 4 F MALDI-TOF-MS #&ill £ R &%
E A DDAH-1 HIRkIELLE
Fig. 4 PMF of differentially expressed protein

DDAH-1 detected by MALDI-TOF MS

2.4 DDAH-1 % Western blotting #&|

SHUESE DDAH-1 78 HCC 18122 3 3Rk,
W FHl Western blotting X 20 5] ¥K 75 B 96 21 21 K g 52
HAHIT (K 5). 455 878, DDAH-1 7£ 20 14
TR SR S SV A Rk HLAE 16 Bl
)3k B i 19
2.5 £ kix% G DDAH-1 # % 9% e 4tibm)

ARG DDAH-1 78 98 41 23 K 4 o i 22 4o
X 10 {547 5 G030 (14 JHF 9 A 2 AR A T f e 4l Ak 43
Mr( 6 ). 455 & B, DDAH-1 18 798 4 23 b 5L 3
PHMEZR IR . ARAEEE T, vl L JH i 200 e 222 R 188 P A
bSO mAE T, T LS O F AT
NIRRT N . PRI 4L4U% DDAH-1 B335 B i )i

%, S 55 BH Pl S

C N C N C N C N

DDAH(H_
P gy S e SO |

5 Western blotting #: il DDAH-1 7EfT#E
MEZEHANRIEER
Fig.5 Differential expression of DDAH-1 in HCC
tumor tissues and non-cancerous tissues as
detected by Western blotting

Four representative samples of 20 samples. C: Cancerous

tissue; N: Surrounding non-cancerous tissue

6 RGEANEWN DDAH-1 EAEMESAANREESR

Fig.6 Immunohistochemical detection of DDAH-1
expression in HCC and the non-cancerous tissues

A&C: Cancerous tissue; B&D: Non-cancerous tissues
(A&B: x100; C&D: x400)

3 3T i

HHi,2-DE 5 ESI-MS/MS } MALDI-TOF MS
HRGE G AT HCC 78 9 rY b 8 1 T 4H == if
FKE) ZIF R ADH THAGFAEHASU T T, IR
OANFEFPE R B A, 3 BUE F R B U AR
PR 5 (AR 5T 25 SR A A )71 L el 1
A SCR R AT, andvs B L B 40 B A T i B8 4
ZJe B K PR B b /b sl PR S B A BT
FLEER A A 2= IE i I e AT B X 22 R R B M.
LCM fg NEH 2 o3 B 5 1) 40 Jf g 2 2R 454, ik /D>
M2 GUREAR S S B s 4 12

AT LCM 43 25 41l 28 40 A g 20 23 b i
JFSC BN, 28 2-DE JESE LCM FEAS T4 3R 41 40
AR S 3 A0 T S R AR AL, R AR
B T EB 5 JCOCH B H . % LCM 5 A&
B A B ARABEE G, A B T 42 5 988 S 55 4 4
th 22 B R E A O MERG T . 2-DE X LCM 2055
1) JFF R B0 5 AL 20 S T A0 B A 7 25 S Rk B 1
PTG , R4 20 D22 A T . W BT % e,
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PAF 12 MENPE TP S RB R AR, Hrp Lk
RMEAA S A, FIRRBMEARA 7 1. X
SUEE £ 55 DDAH-1 . Prx I . Apo-AL HAD D) }%
pld.5 45, EAT1 5 40 M AR 8 58 o Ak S AR S R A
LT RE B TAH ¢ 121 Neumann 257 &8 Prx [
A A HIE . Norton 251 % ¥ HBV REHI I AT
TR hepG2 4N ApoA-1 mRNA HYZ5, $R
ApoA-1 S ARG, i — DA 58 X S8 88 1 i i 1)
RENSA BT T A e & 2E % e 0 AL, [R) s mT B A
TR BB A RS )

Hrf1 i) DDAH -1 S22 545 NO A5G i i) &
T, T AT A R AR INOS 4 PRI 1 ) 4 AR R RR
TR AR ADMA ), IEJEFE INOS A9 3E PEAT—%
PR NO B 7= A5 T NO S 51 B B 1 % 18 4 4]
5, IR 00 A R RN S 5 A A 2 UDAR G, i 4
S4B A e T 2 P I /N L R B ik g
R SR DR 2R 5 — L a5 A A o), Miebye 240
oUW A R O b 7 R R Y 3 | SO S 81 R 7
DDAH -1 5 i P Rz 8 A= 5 5 28 8 R L% VI A
Koo AHEFE i 2-DE B 3E 43 B 5w kO,
DDAH-1 £ -8 240 A i 22 38 B & 190, PRI 8 e 326
Bz Rk At — 2 i Western blotting Fll4g
PELALTE BT e, 45 UESE, DDAH-1 76 141 g
FEAAUPFRIKA R FE. DRI DDAH-1 7ERFZ:
Ji8 SR v 26 1K b R AR aE ), H T % G DDAH -1
5 P A AR S SCERIR B . DDAH-1 J2& 75 78 I 8 A=
I A8 TR o8 RS 1 I 9 4 T A 1 i — 2D B SRR 5
DDAH-1 ¥ HCC Hi By #hricy, Hohae
AT 5R
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