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assisted laser desorption/ionization time of flight mass spectrometry, MALDI-TOF-MS) 43 #f &% ClinProTools 4=
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Serum protein biomarkers for portal vein tumor thrombus

in hepatocellular carcinorma detected by ClinProt system

LI Chang-yu, WANG Xiao-lin’ , GONG Gao-quan, CHENG Jie-min, CHEN Yi,
LIU Ling-xiao, LI Guo-ping, WANG Cheng-gang, SHI Dong-hua
(Department of Radiology, Zhongshan Hospital , Fudan University, Shanghai 200032, China)

[Abstract] Objective To screen potential protein biomarkers associated with the formation of portal
vein tumor thrombus (PVTT) in hepatocellular carcinoma (HCC) patients, and to build a predictive
model. Methods The serum samples from 40 HCC patients (20 with PVTT and 20 free of PVTT) were
enriched by the magnetic bead and analyze by matrix-assisted laser desorption/ionization time of flight mass
spectrometry ( MALDI-TOF-MS) and ClinProTools , respectively. Diagnostic model was established and
identified by statistical neural networks (SNN).  Results Thirty-nine peaks with significant statistical
differences in mass charge ratio (m/z) were found (P<C0. 05). Eight protein peaks (m/z = 4 420. 43,
4 055.19, 2988.80, 4 091.46, 4 072.24, 6 935. 04, 4 109. 53 and 5 321. 17) among them were selected to
establish the predictive model of PVTT. Specificity and accuracy of this model was 97.5% and 92.73%,
repectively. Predictive values in patients with and without PVTT were 100% and 95%.  Conclusions
These 8 protein peaks may be potential biomarkers of PVTT in HCC patients, and the predictive model may
have great clinical significance in predicting the formation of PVTT.

[Key words] hepatocellular carcinorma; portal vein tumor thrombus; ClinProt system; proteome
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LG mMmEERE" . HCC 3% PVTT kAR N
44,00 ~62. 206 AIRTT - 3 JF PVTT 9 HCC 84
L AEAEI N 3~6 A H L [FR PVTT g HCC A
JPEmi 2z — . B HCC B 3E 1 A A7 % B RAE T
FOCHRAE T L A I 5 12 W A R BT R I B
PSR T 3 o BN T R MU R S P 6 v 1Y
PVTT AHOCHR 59 7T L3S By i R 2E— 25 1 A I
JRE R 0 ) T 155 B B B RRIR T T &R, I
R P BUEH A BRI 2 S AR 1 K Ji S g 12
Wi T BT e A R AR AR i R R AR
B — LR WA AR R T IR 1) A R R 2 T L
Sl RE. HET—FE N 2 BEfE Bk . ANCHORCHIP
FOAR B 5T B O A WH B R AT I ] J5T 3 (matrix-
assisted laser desorption/ionization time of flight mass
spectrometry , MALDI-TOF-MS) #1 ClinProTools (CPT)
A= WA 8 7 Y ClinProt 28 4t LA my S0
AT H A2 2 T P T R I A P R K 3 ) AT
FE5 L IR E AR & XFAE PVTT i PVTT Jif
P B8 I AR ) B2 AT AT S IR R AR TE S
DR S I 37 TR s

OB M

TR ARSI T A AR Ak B 2 BRI E
HriliBE B ARE 2008 4 11 H & 2009 45 6 H [E] ik
B HCC B . ABEFRE R LM FF G 1999
AR A [ FF i 2 R 23 02 W bR M 09 98 SR 5 TR i
B RZEF AR AR ARYT IR IT . EHCE
PVTT FMl PVTT #y 8 # 4% 20 ). PVTT 4 03 i
AR F KA (CT 8 MRO ] LB 32 8 4 1] # ik &
Fa— 4 S e s AE PYTT 4 b A4 24T Wiy
I IHRDRAT AT 23 S e A, FR R BE DT 3 > A 1R F ok
DTV DK AT A 43 3P AR AR B, 40 R R A R
PE 32 . Lok 8 L AR (52.2 £ 11. 1) % . AFP [
P (=20 ng/mL) # 33 i, AFP 1 (<20 ng/mL)
HTHICGE D, BiAPRRERRYEERERE.
BELEW REERET REFIKINL 4 mL, & F BD
B ZREENE 1 h,5 000 r/min B0 5 min, B
ML 20 pL 43%6, = 80 CLRAF .

KFIFMEE MERMBEFR S FEEEANE
M), A A 58 PR A 2 o8 e (LR 2K . 36 1 482 T
Ab 3 A AR AR 1 2R T B R T AR (o R iE AT
I3 4R 4, 3 SPE-CM 55 BH B 7 1 Bk 1k
IaMr R EAA/DT 1 pm, 50 85 RE K (75
Bruker Daltonics 28] s 20 #1 H Z W LR . LW -
TN IR (3 2, 36 (1 Sigma 24w bR fE I

(3 [H Sigma A F]D bR fh N KB R A IR &
(5 E Bruker Daltonics 22 &]) , Jfi (X (Autoflex Il

A, {5 [E Bruker Daltonics A H]) .

®1 HCC BERIIGKE#

Tab 1 Clinical data of HCC patients
Characters Sample No.

Gender PVTT group PVTT group
Male 14 18
Female 6 2

Average age (y) 52.3(31-74) 51.5(27 = 65)

Clinical index (ng/ml.)

AFP 3 876. 11 3 426.6

CEA 13. 435 15. 423
CA199 36.503 30. 287
Bilinubin 15. 281 11. 321
Albumin 37.294 39. 346

BEEATHFREROFES 0FKE T @
HLHUS pl A B 3T 45 A 9% v (BS) Al SPE-
CM REEE AR &5 P BRLER 3 38 5 mins AT 40K
FE TR L G R G DR 2% vl il (WSO Uk 3 1K
B VT VA R 2R 4 25 25 0 5 AH 48 B AL IA) [ B 8 Bl A
M 10 R FEBE#REE T NE) . H 2RI
T 58 42 W 25 B R Y AR T Sl AR WO WG 2R A
5 pLEEERE MR 2% v CES) , ¥ ik W BE (0 85 2R s A
WERR Y B 2 0 WG 2R I BE 2 mins ¥ FIF WA T
9 0.5 mL BEA & IIA 5 pL B 8 0l (SS) 5/
WA TRAT BRI T Bg i

MALDI-TOF-MS # Ul §9 & 2 12 %l & #7 #
AN A i T O A L 4 SRR R TR TG
TE SR FH TR] — A o i 485 B8 050 TR 25 b 2 R
B BN G AT AR UE & 1B, B2 12 43 kO 22 B
ANF 0,016, SR R o i 3 Xof % A S 56 9 A 1k
a4l B 7 DA S 1 ASARE ML TR, R i)
HEAT S0 SR S 1 A o I ¥ 13 55 50 e R 2 A 1
Xf R WCX 1 B AR [F] SR 5 5 ¥ 100 b o 1L 1 408 64T
P AR R R A

MALDI-TOF-MS # M AF B EE N FEE QB L
B AR AL T 384 L, B A1 L
Hedb, ST A, B 1 pL 3 (3 mg/mL
CHCA.50% ACN.2% TFA).ZE ik TG L&
I o3 4 R 4R O ik F ClinProt 6 14 &5
B SR 5 — B 20,00 KV, 55 — 5
TR 18,90 KV, K I35 [ R A 4T 43 F BT i 1 000~
12 000, FEASFESLE AL A0 3 88 AL A — 38 AR
[F] 45 fib AT 2 RUR R B UREE 50 shots, #E#%
8 ANR[EE . Bt 400 shots, k315 8 47 (1) i i
B, e 3R e (8% ~ 10 %) e 25 1 SR U5 e 1
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ClinProTools 3 #i EARKEMEITFLE K
I R G AT AL B G045 25 MR- 3 L i B A5 R L /N
T 5 M2k, I SEFT R OE R A — 4k, Bl 5, PE B 4K
P ST L AT GE T 43 BT o XA 2 B L
W Gm/ D AE T #6556 F1 Wilconxon Bk IR 56, 1E 250 i
Bk T K5 5wk, R OE A 4 A B s ik H
Wilconxon Bk fI& % , P<<0.05 NERAH G H¥E X,
T8 o A 22 R 4% 45 3% (statistical neural networks, SNN)
HENT K2 WA AL BT R AR I S L A
I3 PRI IR AT R BT R . 2R
TIEFH R TN 4 F5 30 1E B0 1R RE 0 5 T A R A B A1 328 B
70 Vo RN ZRAER 43 25 35 . PR AR T 19 30 Yo 1 i
AT R UE 75 IR UE A IE AR, R E R 10 K,
15 256 UE TE A 2% L B R 0 R

45 2

RERMRAEANDFRIREREENIRES
P BT 00 500 SR T T ol MRS T OO0 39 A 8 o
HEAF D SRS IE BB HEdh S A 11 AR (R 2D, F
¥r T 22 /0T 100 ppm, B 8 ASHE i RO R £
il S O R A IE 5 ) s I 4 4> 9 I 356 198 by Jo 42

R2 thERSRKIE

Tab 2 Protein peaks of substance

Substance m/z
Angiotensin [[ 1047.18
Angiotensin | 1297.48
Substance P 1 348. 64
Bombesin 1 620. 86
ACTH clip1-17 2 094. 42
ACTH clip 18 - 39 2 466. 68
Somatostatin 28 3 149.57
Ubiquitin 4 283. 45
Insulin 5 734.56
Cytochrome ¢ 6 181.05
Ubiquitin 8 565. 89
HIRIFRERSRKIE K PVTT AR PVTT &

FIMTE w2k oy B R g difk . S8 )5 ' MALDE-TOF-
MS 43 #r. F FlexAnalysis 3. 0 A4 X K& 3% 98 17 4
LRSI 3] 113 ML AkE, K F ClinProTools 2. 1
B B s dE AT St e A B 2 SRR SRt K
(P<<0. 05) I Z IRIEILA 39 SR 3.

TEPVTT B, m/ = {H 0 1 208, 34,2 988, 80,
839. 18.831. 61.807.17.1 619. 6 48 24 MEHIAE LI,
m/z {H R 5 291.31.5 321.17.5 265. 6,5 823. 1 4§ 15 4~
HERRE T, X B S0 2 A B 2R 4 RE T Y

AN m/ = 4 091, 46 FI5 337 19 #E4T 004 . 103
WA DL e AR TR A AT B DL 1.2, PVTT 415
PVTT 2 4% 543 A B8 X a5 /0 L 156 B i 79 A 26 1 11
JTEHRET) RAF

F3 PVIT AFdE PVIT A RiEE
BRI FERNSHE
Tab 3 Protein peaks with statistical difference between

PVTT group and free of PVTT group

PWKW Average PI® SD

m/x (P value) " FP® P FP P
1 208. 34 <<0. 001 7.14 3.42 1.53 1.61
2 988. 80 <20. 001 17. 86 12. 34 3.45 2.90
5 291. 31 <Z0. 001 11.53 20. 69 3.50 7.04

839. 18 <Z0. 001 6.77 2. 64 4.28 1. 46
5321.17 <20. 001 19.13 40.02 7.37 17.50

831.61 <20. 001 8. 95 3.14 7. 86 1.70

807.17 <<0. 001 6.75 2.24 6.98 1. 04
5 265. 60 <<0. 001 11.73 17.57 2.42 4.75
5 823.10 <Z0. 001 64. 04 129. 41 47.99 71.40
1 619. 60 <20. 001 10. 89 6.23 2.58 3.27
1 466.52 <20. 001 13.38 7. 11 4.70 4.19
6 563.03 <20. 001 11.50 8.27 2.56 1.97
4 055.19 <20. 001 21.25 37.81 7.79 14.19
5 353.95 <<0. 001 44.94 88.84  29.96 40. 34
4 420. 43 <0. 001 20. 80 11.37 9. 84 4.13
1 450. 51 <Z0. 001 8. 80 5.51 2.06 2.87
5 806. 01 0.001 11 113.78 229,15 99.75 174.41
6 242,33 0.001 19 6. 81 4. 90 2.05 3.22
1262.69 0. 001 45 8.23 5.27 2.10 2.49
1 969. 87 0. 003 57 12.87 9. 01 3.08 3.20
8 934. 09 0.003 81 136.24 335.19 114.16 202.52
4 091. 46 0. 004 06 46. 56 75.91 18. 08 28. 46
1 058.51 0. 004 34 3.53 2.28 1.27 1. 48
6 110. 06 0. 005 76 21.92 11.11 17.39 4.58
2 972,39 0. 006 14 27. 44 20.03 7. 47 5.95
4 072,24 0. 006 56 21.83 34. 48 5.73 16. 82
2211.02 0. 008 83 34.01 22,74 34.72 48.32
4109.53 0. 008 83 16. 42 23.34 5.67 7.67

845. 80 0. 008 83 13. 40 7.89 10.03 6.32
4 194,55 0. 008 84 37. 64 65.22 19. 81 30. 44
7 062,32 0. 008 84 11.25 8. 49 3.16 2.77
1331.38 0. 008 84 8. 08 6. 15 1.91 3. 41
5 337.19 0.009 45  106. 32 190. 30 55.25 112.43
5 248.97 0.010 10 8. 68 11.65 1.81 3. 66
9 287.76 0.017 20  111.68 248. 16 83.93 178.93
2 863.94 0. 020 00 19.97 13.35 7.87 7. 40
7 432.68 0.021 20 8. 80 6. 85 2.48 2,48

854. 66 0.022 50 7.70 4. 84 3.89 3. 45
5597.50 0.023 90 9.70 7.54 2.89 2.85

(M The peaks of lowest value in PWKW have the most
significant statistical difference and the hightest discrimination
between these two groups; ® Average PI. Average peak intensity;

G FP.Free of PVTT group; “WP.PVTT group.
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Bl1 FWAHR m/z84091.46F05337. 9 WiREESHENERSHE
Fig 1 The distribution of SD and sample for the two protein peaks (m/z=4 091.46 and 5 337.19)

in PVTT group and free of PVTT group

A': The distribution of SD; B: The distribution of sample; Y axis:5 337. 19; X axis: 4 091. 46; The values showed the

intensity of each sample.

A
— Free of PVTT group
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2 WWHMEEART m/z 7 4091.46 F1
5337.19 BB REMRILE
Fig 2 Mass spectrum of the two protein peaks
(m/z=4 091.46 and 5 337.19) in PVIT
group and free of PVTT group
A:m/z=4 091.46; B.im/z =5 337.19. The peak intensity are
much higher in PVTT group than in free of PVTT group for most

samples.

MEESIINERF @ SNN 87 K312 Wy
AL MR PVTT 4/ PVTT 44 14 6ilF5 A (14 45 5
FHFRERL, 7 BT B8 FHAFAE 05 /= Ry 4 420. 43,
4055.19,2 988. 80,4 091. 46,4 072. 24,6 935. 04,
4109.53F15321.17 {9 8 MR, BEAIHIREF
T 97.5% i tEZEAE PYTT 418 PVTT 4043 5
100 %61 95 % , M W ik ] T 92. 73% , X TR R 56
E FRATVEE AR 6 BIbRAS BEAT T 57 90 i, >R FH 28 X

56 UE >k T 4> J5 56 0E B0 0 BE ) . T A RE A BRI R
70 VoA RN R e g 43 2 4 LAy 30 V04 Jhy A 4 ik
AFISE A RIERR A R 1792, 86 %0 R MEAEE PVTT
20N PVTT 0505 92. 86 %1 92. 86 % .

W

HCC % 5 2 A8 BT N AL 48 4 01 O 171 K
PVTT J& S B ¥ 52 4 RS2 R T 2000 e 20 N R
AT 4 ol B — 7 % T0 I BOAS i 8T R T A OF
PVTT Bif 97 R OB I 28 53R T %8 . HA
PVTT gz E 2 K5 CT K& MR 54 F B,
Py SRME L 4 Bl B PVTT IR . 740
KB PVTT M PVTT B AL L 548 B
By ¥ $L A JTF R BF 2 19 B R R AL X B g AR A A
A RAREEE L. HETRIIA N PVTT
T B 1T Ik 2R 8 Ak B0 i R (B 05 40 ik [
19 9% 15 2 0 S0k T D) RE 3K L L 266 A PR 2 e % i g
LA A= AR 25 22 5 1T DR 3R B3 [ 4 PR AT O

T2 A R — A T e TR Y AT O T
W2 W FIbR S M SR TR Y A Al
PR KEE T " YEREIR A K4 G B HOR
i RIE RTAT SZIFAE s & NP S e oy gy ok -y
I ) 5 3% 5 A | B3 R AR B AR S5 SELDI &
FRS A HOR R — TR RA W i & T 2257 8E
PR 2F 0F 52 19 £ AR . SELDI 28 (1 Bt A fig il 1
A TR) F9 2 TH 68 W 326 %% 1 4T 3R 2R 3 o DR G A A
REAR 1 15 A i 2 1 B 1) SR 2 e OF LA Rk
PRAE T RE i D R S IR R B 2R
Dy 3§ 36 G485 O 5E9E LR5 RO B IDE AR | R R <
JEAE M AR S Y. (HE, SELDI £ R 8 &2 M 45
22 HANRE X G 106 o 19 22 5 R A EAT S E . AR AT
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55k H T ClinProt &4, 5 SELDI-TOF-MS #j
k., ClinProt & 4 0] i MALDI-TOF/TOF-MS #;
AN} 22 5 3R AR W Z K/ B AT IF 4 % . AT BH A
AAF I 22 S TS O IR AT X s & AR R
ML, B I, ClinProt £ 85 2 — Fl Mot |
5547 e 3 e L A Y B A R A SRR
HLi A TR S R B 7 85 R 45 » AnchorChip
£ % NS E s NEOE WS NN 3 = DO B g & B DS
SEREST s AT T A Wb s e TR L 6 A R 19 0 3 1Y)
GrHEE

KT PVTT W05 E W AMRGE R . Qiu
O 2-DE 45 A 4 B4 MALDI-TOF MS/
MS xffEf PVTT #dE PVTT (9 A8 Ji &k 088 41
A R P e D BT T o W 2 A W T e
S FPARRT A FRAR T 2 X 100 I AR, KT
PVTT gl ik LM A 5 F, 5545 5 & A
ST00A11 %, AWF5E R A ClinPro RG34 T 20
Bl PVTT 4 &5 20 fl £ PVTT i@ B &
M. 25 R WR.PVIT BEH 24 M EREN
ERIB S A EREAKERER. Hd 808 3 i
Wl TR BRI 2 ANE A m/ 2
4 091. 46 15 337. 19, 12 WA R 1E 51| 5 F0 15030 6
HOEE R AR AR — 2P IR 5 8 I AR T
i 3 I 5 AR AR L0 W PV TT B8 i3 & 5 T
PR EERTARAEA EEE L Bon il
ClinProt & Ge 75 g F¢ AR B 58 LA 98 1 hg
RS, @ DL BB el N — SR AT
S I A 2 50T 552 55 B0 o LA 56 4IE L % 2 W A
w1 2 S 22 IR UG I AT 0 0 i Ak N o 3R UK
P R SRR I bR AR N IR IR 12 G .
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