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We identified inter-a-trypsin inhibitor heavy chain 4 (ITIH4) peptide as a novel serum
biomarker for liver disease using 2D-uHPLC-MALDI-TOF-MS. Also we developed
immuno-MS system to deal with many samples. Using this system, we determined the
utility of this biomarker peptide for detecting liver cirrhosis and hepatocellular carcinoma
(HCC). Moreover, this peptide was useful for detecting non-alcoholic fatty liver diseases.
And 35kD protein fragment including this peptide was divided into ten isoforms by the
sugar chain modification, and serum isofrom 9 and 10 levels were elevated in early HCC
patients. These isoforms are useful biomarker for HCC and may be related to hepatic
carcinogenesis.

AT ERR
(BEEHAL : 1)
B B LIEESES ¢ & &t
2009 FHE 1, 500, 000 450, 000 1,950, 000
2010 1,000, 000 300, 000 1, 300, 000
2011 4 1, 000, 000 300, 000 1, 300, 000
I
FHEE
ik 3, 500, 000 1, 050, 000 4,550, 000

W5E53 8 - HALERNERE. PR
B O4EL - E © NASRERRIE S - W NELS
F—U— ] PR B RO, B

1. BFZEBRAE S M DTS 5 AL, FRANCHEAT U Sk Hg T AR s 3 8 i

BTE. ARFRICIIT D IR TR E 5 4%, JfigE~—A—LL T AFP R PIVKAII 23M#
D 3 NixkEHDH, KEByDIEFNZEBWVT, SN TWER, ERLARVERS SV, £7-0T
WRIZY A VAV R 72 & OBIERFRIBE | REBORBEITIC LD KD R DHET



(Kifdh) &= —C&HH AR mii A4~
— B3, I RRE T e T AT RSB
LI _TFROEEMENIAGIZ/2>TET
W5, RO RFTEREICB W T, x 07
077 —PIZ Lo TR N LMl 4k o 2
RO B R ARy F- DX IR 2 K55 W
RELEZLTEBY, WHWARTFR—LDPEA
JHElpoTWD, o, ZNENO ST FRITE
B R A ICHIIS N TR, FpEIc kB E
b RN BND, ZHHDNTFR—LD
BT LT, CNETONRALF~—T— L0,

FJOGBCRERMENFmNEEZ DI TND, Eo,

A BESH O B D BE IR . R, oA
JVAREGIE | K AR R E D Z L DR
DRI DZ EMALNT 20 | S 3K
RWEHD 7 F 72 EFEHMI IR D [EF~D H ik
DHIRFSITND, ol DT H AT O HEAR T L
DRIk a~ 777 4— /B &5 8T (LC/MS) &
HEAL R FIESS T 0T I AD i e A G
DR DL Lo TR AL P O 2
IRTBERWEL R TIREW D TH L DHEH
EEE R AT TDHIENA[REE > TET,
bivbiud, FTo 7 aT 43I0 AT 2 H v
F I 7L VT aT A — MR AT Bt
LU, HREDORRENC BT L EBE AT =
A VERATL TE Tz, BRI, 2 ROt STk
#(NEpHGE & EttanDIGE), 707 A2 F v 7%
H W 7= Surface—enhanced laser
desorption/ionization time—of—flight mass
spectrometry (SELDI or SELDI-TOF MS), 7~
2 W jt HPLC & Matrix Assisted Laser
Desorption/ lonization(MALDI) % #H 7 & 1o 4
7z 2D- *HPLC-MALDI-TOF-MS %0 3 fi¥H D
FiEERFEISHL TS, ZOHIETIHES T
BOOE D T EETONTFR-HF U5 iE
B DM R REMT TE D, £z, BRI, IR
BT 7 7L LT A — W LA
MATRETHY , ZZR DM BB ST
Do ZOEMEHNTHRIEE TN VAT TS
— DX OME RIS R E, BE o (LLT
MS LI IZ XD B LR & o 7B %
BT a7y ANVETIZE > THRDBIFR A
W DR BE A VB R FAEL CET, OF
D, ZOF T 7Ly T aT I — MR RIS
L., CHUF RO IFEZ 8 X2 Avizuniz
HETOMIFRLCHMD X~ ET 07 7A
Vo T EFRRTL, £ DB/ SAT A TDEHK
R R A 15 CTE T,

2. WHEOHM

AWFFEClL, TEIAIIC 2 L3 505 BERRAT 2D
KOIAENT=A_TFREF 1 &2 R L, 2O
DB EFE SR E D E B ORI 21T R R

DD/ SAY = A Z B EH 72> TEY I
ENT T DI ENRAIO HEITH D, SHIZAATTF
R DA BRIEMEA FENT UIE B O R RE AR BT 14 37
TAHIENFAIRRIC/R D, ZOWFFEIZED | FRIED
FLHAZS Wr TR R D 728 DR HE s Ty 7 F R
ZRNEL B EEIERINE (7 AT —AAR) &
WEOMETZ B9

3. WD IE

(RTF FOFRE)
BIEE TYRHIBRFEINTWD, EFA . 18
JFo8 . BPREZS . AFAS A D B M2 23
T 5, Fexld,
2D-pHPLC-MALDI-TOF-MS (& &34 5t) %
AWz NA 2V —T > hOR R % T TITHESL
LTEY, ZOZERWTHRIT L, Blormiby
DOREEARTFRIZHEH Uiz, IyE Y7 V%R
AL SCX BLC18 BT L% V=
2D-pHPLC 12XV 6x190=1140 D4y [Ej{Z H Bh%k
BEIZ X o ThiF(AccuSpot), EIE D4y H %
B2 HTEHAXIMA CFR plus:reflectron mode)
WZNT, FERE T AT 7L VIR — LT
FKOFRMT LT, T DO%ICHEEE T 5272 MS?
HIEICEY, Ho X0« RTFROREEREZAT
ST, ABFSETIXRFIZE & 5000 LL FORTF
RZ&H OISR ARAT LT, BB AT RHIc K
L5 DIREIL, RTFRYART T 4 H—
U MEPMP)ET 2R N ECS BT & it T
L7z, BAREYICIE, PMF (350 /R B AR S
UIWiEsE CLERL , 7 — 2= D TS
LT FROE EEFERIEE L BEFDT
—HR—RIVETET D, Tz, 7/ EENEED
FUFRNTIX, RTFRWr 2SI _XTFREES
DONLE CTHfRL, 73BN ECS ST 2 it T
L7z ZNOOFEMTIZ LY E T inter— o —trypsin
inhibitor heavy chain 4 (ITIH4)® fragment 23T
B OHEAT LTl A 36 KOV HCc RN
LTCWAZEAEMRIALT-,
(fe e EE L TO ImmunoMS D BEFE)
RTF RO PN EEE L THRIZILHE MS ZHE
SEUT, [RELTZ AT F RIS T 25U iR A Bk
L. ZDOHKRZEHWCIiEE ik kL,
IR L= D% MS I THREATL . Sl C e 5
MR TFRE— I %152, ZOFIEERHWAZ
LI, %2 HPLC T4 M4 5Z&7<, H
B MS (S THRMT C& . 2B O T 23 LR
WZHEAT P REE /2o T=, £7°, EFED ITIHA @
ImmunoMS DBAFEZAIT\ N, FBF LK., ARk
FIAL TR TOFMZ TV DE A
MatLiz,

4. WFFERHE



x4 13 2 E TD2D-pHPLC-MALDI-TOF-MS{:
WLV BEMRE NS A= — L LT
inter—a —trypsin inhibitor heavy chain 4
(ITIH4) OXT'F KW 2 [RIE L 7=, ITIH4iZ
MEHY 7 LA 2k V35kDESEkDDEN
W EN DM, ARIFEELETF RiL3
5 kDEHONRICHEET DI VAR LT,
Fi2. ZOEAOWI T ITREHEM OZERIC X
D 10DvariantiZ/pBESL (K1), ZoHFT
Hvariant9, 101 EFEHEITIE NS O DOfFHIIR
FERF MBI L TRBY (K2), FFicEH o
ffifaE ORI EHTH D Z L 2R L
o ZDvariant9, I0DOFHAR/HOEIZ LY
stagel, 20D iT¥E & B MERTF I & JREESS. 7%, 4
FLFF95. 5% (ROC=0.903) THBERIEETH V|
RS L stagel, 2O P ITETL. 4 %, Fri
J£80.3% (ROC=0.77) THrBfr[EETH o7,
F72, 2035k DaE Ak DHuUAEER L
L HiRE ofEE B — X 2Bk, T E Bk (
Mig) &RIGSHE, fui—e— XA s 7
L— b FIZEA%MALD-TOF-MSIZ XY H
HISTF Rth 283 24 Z1—"7"» |
T vt A THDHimmuno MS> AT A& HESE
L. 2R X 0 s CHIERRE & /e o7z
o TDVATAEANTINE TITREF AL
P2 MEF 2% 13 85% . FritE100% (ROC=
0.89) THEfEREETH V. FFEEZ & Tz
ITIRE84% ., K E62% (ROC=0.70) T4y
BERIRE ChH o 7-, F£7-. Z Dimmuno MS A
T L EFHCut offfE 2 fAFI T2 Z L2k,
ALTIEH OEMERFR T HRREI2% ., FFHRIET3
% (ROC=0.90) THEMH NL Y 3BEREETH -
77e FDONRAF~—F—L L TOH AW
BENT, EBHIZ, 2035k DEAIZIET LV
= — )UPE G MR R R oD I o C b AR A1
WIHADBEPE > & i NI L CHEIC EARN
WO HAL, FFAIERE O &7 bR B2 T
DERR~—T—LR V2D ERREEN
7=,

(X 1)

4 PH 7

37 kDa— Y
i ‘
[
4

(X 2)

410"

3x10'

2:10" F

1x10"

Average of intensity

5. ERRERLE
(BFFEAREEE . WFSE 003 M ONHLEERFZE 3 12
=)

(MERERR S0 (RE 15 14)

@ Sugimoto K,Shiraki K.Different aspects of
CD4 T cells that lead to viral clearance or
persistence of HCV infection. Hepatology
International. 6, 350-55, 2012. (& #td V)

@ Sugimoto K, Takei Y.Clinicopathological
features of non-alcoholic fatty liver disease.
Hepatol Res. 41, 911-20,2011. (& HY)

@ Sugimoto K, Ito T, Yamamoto N, Shiraki
K.Seven cases of autoimmune hepatitis that
developed after drug-induced liver injury.
Hepatology. 54, 1892-93, 2011. (& V)

@ Nakamura H, Kawagishi H, Watanabe A,
Sugimoto K, Maruyama M, Sugimoto
M.Cooperative role of the RNA-binding
proteins Hzf and HuR in p53 activation. Mol
Cell Biol. 31, 1997-2009, 2011 (##Hid V)

® Nojiri K, Sugimoto K, Shiraki K.Ascites
caused by arterioportal fistula 15 years after
liver biopsy. Clin Gastroenterol Hepatol. 9,
e31-2,2011. (&HHY)

©® Takaki H, Yamakado K, Sakurai H,
Nakatsuka A, Shiraki K, Isaji S, Takeda
K .Radiofrequency ablation combined with
chemoembolization: treatment of recurrent
hepatocellular carcinomas after hepatectomy.
AJR Am J Roentgenol. 197,488-94, 2011.

(EHEHY)

@ Kusagawa S, Sugimoto K, Nojiri K, Tameda
M, Shiraki K, Takei Y, Takase K. Unique
endoscopic images in a patient with
Henoch-Schénlein purpura. Intern Med. 49,
509, 2010. (&E&FHHY)

Mizuno S, Yokoi H, Shiraki K, Usui M,
Sakurai H, Tabata M,_Sugimoto K, Takei Y,
Yamakado K, Takeda K, Uemoto S, Isaji S.
Prospective study on the outcome of patients
with hepatocellular carcinoma registered for



http://www.ncbi.nlm.nih.gov/pubmed/21951869�
http://www.ncbi.nlm.nih.gov/pubmed/21951869�
http://www.ncbi.nlm.nih.gov/pubmed/21725992�
http://www.ncbi.nlm.nih.gov/pubmed/21725992�
http://www.ncbi.nlm.nih.gov/pubmed/21402775�
http://www.ncbi.nlm.nih.gov/pubmed/21402775�
http://www.ncbi.nlm.nih.gov/pubmed/21070869�
http://www.ncbi.nlm.nih.gov/pubmed/21070869�
http://www.ncbi.nlm.nih.gov/pubmed/21070869�
http://www.ncbi.nlm.nih.gov/pubmed/21785099�
http://www.ncbi.nlm.nih.gov/pubmed/21785099�
http://www.ncbi.nlm.nih.gov/pubmed/21785099�
http://www.ncbi.nlm.nih.gov/pubmed/20190495�
http://www.ncbi.nlm.nih.gov/pubmed/20190495�
http://www.ncbi.nlm.nih.gov/pubmed/20190495�
http://www.ncbi.nlm.nih.gov/pubmed/20048691�
http://www.ncbi.nlm.nih.gov/pubmed/20048691�

living donor liver transplantation: how long
can they wait? Transplantation. 89, 650-54,
2010. (&EZmHY)

Nakanishi S,_ Shiraki K, Sugimoto K,
Tameda M, Yamamoto K, Masuda C, Iwata
M, Koyama M.Clinical significance of
ultrasonographic imaging of the common
hepatic arterial lymph node (No. 8 LN) in
chronic liver diseases. Mol Med Report. 3,
679-83,2010. (&E#HHY)

Suzuki M, Sugimoto K, Tanaka J, Tameda M,
Inagaki Y, Kusagawa S, Nojiri K, Beppu T,
Yoneda K, Yamamoto N, Ito M, Yoneda M,
Uchida K, Takase K, Shiraki K.
Up-regulation of glypican-3 in human
hepatocellular carcinoma. Anticancer Res 30,
5055-61.2010. (EFEHY)

Tanaka J, Sugimoto K, Shiraki K, Tameda M,
Kusagawa S, Nojiri K, Beppu T, Yoneda K,
Yamamoto N, Uchida K, Kojima T, Takei Y.
Functional cell surface expression of toll-like
receptor 9 promotes cell proliferation and
survival in human hepatocellular carcinomas.
Int J Oncol. 37, 805-14, 2010. (EHEHY)
Beppu T, Sugimoto K, Shiraki K, Tameda M,
Kusagawa S, Nojiri K, Tanaka J, Yamamoto
N, Takei Y, Takaki H, Uraki J, Nakatsuka A,
Yamakado K, Takeda K.Clinical significance
of tumor markers in detection of recurrent
hepatocellular carcinoma after
radiofrequency ablation. Int J Mol Med.
26(3):425-33,2010. (EHEHY)
Kawagishi H, Nakamura H, Maruyama M,

Mizutani S, Sugimoto K, Takagi M,
Sugimoto  M.ARF  suppresses  tumor

angiogenesis through translational control of
VEGFA mRNA. Cancer Res. 70, 4749-58. ,
2010. (BFE:HY)

Ooi K, Sugimoto K, Shiraki K, Yamamoto N,
Tameda M, Beppu T, Tanaka J, Nojiri K,
Kusagawa S, Takei Y, Masuda C, Nobori T.
Classification of hypocholesterolemia lipid
patterns using Chol/Trig Combination
System. Int J Mol Med. 25, 601-6, 2010. (&
ZpY)

Nakatsuka A, Fuke H, Yamamoto N, Shiraki
K, Yamada T, Takeda K. Radiofrequency
ablation combined with chemoembolization
for the treatment of hepatocellular
carcinomas larger than 5 cm. Takaki H,
Yamakado K, Uraki J, J Vasc Interv Radiol.
20, 217-24, 2009. (E#HH V)

(R E] Gt 1414)

)

EARS, AASER. TH#s. &R
BHE%R C BUIFFRICK TS IFN AEFE
HERICH(3 D HCV B FER. IL28B

BERFZEAEDORRAMDOKRE. 515
B BARFREFSAR. A 23F10A
21 H. f&[
AFS, ARG, k2. Pooled
Sample ZFH W\ 7ZIMEH D NASH /XA 7+
T —h—RTFRD iTRAQ ICKBRE.
55 47 BIR A EF SRS, Tl 235
6A2H. ER
A, BARTR. rHate. HHIE
. HMEHTF], HCV BIEFZER. 1L28B
LR SNP Do I=H (R RT#24ER D CBY
FFRICxT S IFN iaBEDEE. 547 E
BRRBFSUE Fik23 %628,
R
Kazushi Sugimoto, Katsuya Shiraki,
Yoshiyuki Takei, Glycoform variants of
p35 protein as a molecular diagnostic
biomarker for hepatocellular
carcinoma, 2010 4 11 A 1 H AASLD,
Boston
AR, ZAFSE, ks, il
AN T DHHRINA A~ —h— DR
HIPRER. 55 52 Bl H A L AR AR E,
SRk 22 4£ 10 A 13 H., Bl
HARTLRR, A, Frisks. Rl
DA T DHRINA A~ —h— DR
HIPRER. 55 52 Bl H AV LaR AR R A,
Rk 22 4210 A 18 H. Bl
ILAEE., AR, TH#z. HC%
¥ BT B O AR RS R DR FE I D
WTORET 55 52 [al H A TH LER W F =
2. Fpk 22 4F 10 A 13 H., Rk
A, AR, TH# 2. HCV B
BREBICE TSR —D—
YKL-40 DF A DO®RET. Rk 21 & 12
A4B8. KXF
ARS, AARTE. 7rHaks. HCV &
BTFERNS B ERBHEE O C BT
RITHKT 2 IFN 5 OfeEt. 55 13 [BlH

AR RE Rk 21 410 H 14 H.
AR

FHIEE, AR, fHeEtSE.,
FEE % B AR ER TRAICE T 5 HB
T 7 F ARG R D E . 13 [a HA

Rl AR 2, PR 21 4 10 A 14 H.
AU

EIAREL, AR, s, sEE
FUIAXI AT RY LA ZHWHE
Rr SR T OBENT, 5 13 18] H AR~ =
Re, PR 21410 A 14 H. 5
MR, B, ek, B
FEDRIAZWIT BT DR < — 1 — D
. 0 13 M HAME AR RE, Ak 21
10 7 14 H, 5U#



http://www.ncbi.nlm.nih.gov/pubmed/21472298�
http://www.ncbi.nlm.nih.gov/pubmed/21472298�
http://www.ncbi.nlm.nih.gov/pubmed/21472298�
http://www.ncbi.nlm.nih.gov/pubmed/21472298�
http://www.ncbi.nlm.nih.gov/pubmed/21187490�
http://www.ncbi.nlm.nih.gov/pubmed/21187490�
http://www.ncbi.nlm.nih.gov/pubmed/20811701�
http://www.ncbi.nlm.nih.gov/pubmed/20811701�
http://www.ncbi.nlm.nih.gov/pubmed/20811701�
http://www.ncbi.nlm.nih.gov/pubmed/20664960�
http://www.ncbi.nlm.nih.gov/pubmed/20664960�
http://www.ncbi.nlm.nih.gov/pubmed/20664960�
http://www.ncbi.nlm.nih.gov/pubmed/20664960�
http://www.ncbi.nlm.nih.gov/pubmed/20501856�
http://www.ncbi.nlm.nih.gov/pubmed/20501856�
http://www.ncbi.nlm.nih.gov/pubmed/20501856�
http://www.ncbi.nlm.nih.gov/pubmed/20198309�
http://www.ncbi.nlm.nih.gov/pubmed/20198309�
http://www.ncbi.nlm.nih.gov/pubmed/20198309�
http://www.ncbi.nlm.nih.gov/pubmed/19097810�
http://www.ncbi.nlm.nih.gov/pubmed/19097810�
http://www.ncbi.nlm.nih.gov/pubmed/19097810�
http://www.ncbi.nlm.nih.gov/pubmed/19097810�

® AL, WAEZ., BARwEK. 77Hk
Z. UEILSE. NHERET. BARFBIHE, B
NHAE, MBEFYIXZLAFRY
L1 IC XA ERRER T ORK, 5 45
[\ H AR, PRk 214E6 A 4
H. #F

@ AL, WAEZ., BARwEK. 77H
Z. BT, KEEEE. NEfE.
EEKERRTF ROFE#HT O 771U >
TIZEKBFHENA A= —DRER,
45 [Al H AR i e, SERk 2146 A
4 H, #F

6. AFFERERE

(D) WFgefzs

A Fnsi (SUGIMOTO KAZUSHI)
ZHRYE - R R RERE - SRR
Bz 2% 5 1 60378370

(2) ooy

HA  Foik (SHIRAKI KATSUYA)
—HRY - KPR TR - #egd
WFIEEF 5 © 90263003

(3) HHERF IR

WH 12 (UCHIDA KAZUHIKO)

P RT: - NG RV FIER - HEZER
FgeE2&5 1 90211078




