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YA ERE SUEORRIIHEDS LA YERELELONL. BFOBEIEITY
51T ¥ HOMA-IR 2*®ifli & 72 ), Mm% ALT f#ix BMI, HOMA-IR * A EICEOHEMERL,
ALT 540U/ L EDOBADOKENBMI A 25 Ll E, H 5V it HOMA-IRYP 2 ETHZ Y. %
7:. NASH O B#LDETIEA Y A YR L MEND L LvbhTwa Y, oL H%E
Edb, 4R YEREOFEII NASH 2RI FTRO—2OTH 5.

2. WME CRP (high-sensitivity C-reactive protein: hsCRP)

MR CRP flIEE: ORI L, €80 CRP T 2h i W iI8BM TRUN: REX FFET
X5X912%2o7. hsCRP L~ BRI, LimEESE, 2EERK A7F)v sy Fo-
LAREOTFHRFTHEIEAMBPEATVE Y, F72, 28K v 2y FOo—LA0—RBF
Evibitad NAFLD Ti hsCRP @ LR M HERAITIZ M) REXRB L TWa EEZ LN TV S,
%512 NASH 28V T hsCRP @ L # & @ L OBE IS EHMSH 2 L vwbh Y, 18K
Y FO—A%% L%\ NAFLD Oi# ALT Sl - E¥HOLE TR, H8IZ ALT &l
BOhsCRPARMTHHEVIREY bdHh, SHENASHOH LW —A—L%b T LAM
HFashz (B5-2).

P<0.0001

Efl) NASH & Bt EERSRTIC 5 (7 % hsCRP
H BE (U )

CRP (mg/l)
o = N
o o = U0 N O WL oo

%@I— o oow®

steatosis

3. BIELARLAT—H—

I AR TORREHSHEIIROS FEEL, AEIIELHICHESINSS, NASH Tik
IPIVFYTREICEID ROSEBMICZZ2EEZ LN TS, $7:, FFMROBH 2 HTRI
IrAVEYTORBMEE LS Y, CYPEl OBMREB*HBHTS. 2612, NASHEED
LR OSKILA L OV XA IRGIT & ) W TH S, T LS LMWL NASH (28 TH
LAV AZBETLLEZLNS.

IR b LAT—A—i2id, EHEREIC L 2 EMMLA Y & IETEREN & RBEE TR L B¢
%7, heat shock protein (HSP) ®#F 4 L F% < ~ thioredoxin (TRX) % X I3®1LA b L
AlLoTHERENAIFAKTHY, FALFFL rRABIEPHRE LTHAMGA TS,
NAFLD Tt % E & ¥ L T, F##&P D malondialdehyde (MDA) 7% KBR{LA b L A< —
# — (2 3BLH {, NAFLD O T b B IRAEEF £ h NASH @139 #¢, FF#l#k MDA ® i

i

"
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WhFF L FEo a8y ([5-3)Y. o kHi2, NASH OBEFEIZEEILA b L A H5%H B
E4rt#EzoN, BIELAFLAT—#—I2 NASH OB REERTFH &L, 2, F
AL FF2 il OREXBETELZ LS, Bifiv— b — L LTOFHMMHFETE
A

8

P<0.001
P<0.001
 — S

8

8
—

40}

10 & g

@) NASH, MEHEIRDIF & MM BB NASH MMERDH MRE
mWF4L K% R (0K 8 £3m) (n=25)  (h=15)  (n=17)

mEFAL Kx RE (ng/mi)
3

4. PTF4RYA rhA2

PRI ML 2 8B AN Y- OBRMMBTH LT TR, FRCELOEBFEEYU L
FWTHEBTHE, 0L tEHERHREEBEEYREBHFELTT 74 RAHA bAAL 2 L
riZhs REMZTFARHAL bAALELT, TNF-a, V7Fy, TFARRIF 2,
PAI-1 (plasminogen activator inhibitor typel), LY AF & EHdhiTonb%, NAFLD OF
THHIZNASH CIRI L OFMRENH L EvbhLA,

TNF-a (X RIEET A P A v O—2THDHH, BRI BVWTHRAL TV, B L
D TNF-q 2 L8 L, BERGME#IC51F 5 TNF- o« ORBIZICHAE L 48M L, NASH Tlxdus
TNF-a @ LARIFTO TNF-a XBFHOMMIBHO NS *10,

THRARRGFARAFFE) 92y FO—-ARECHANNCHE, BRCL)FOmMbRE
IET L, ABIEDE &SV AR ERT. BEHCHFEEIC 5T AMP kinase #* PPAR « %
EHAEL, A2 VERBERPATE) v 2oy FO—- A% % ETA2/EH% b2, NAFLD 8%
TP 774 RAZF RERETLTWAY, 4 422 ARAEUEEL S 7)) 5
Vi, PPARy 2/t L CTHERFMIBR 2 /NBIMEL, TFA FF 7 F UV EEBTYREATHIZ LT

ZAF*372A

7uF#+— A (proteome=protein+ome) LiZ 1 BOERI b OFXTORZHBMTHLY/
4 (gene+ome) HIGELZHETHN, FOAPPHERIIREAL TVETXToEBAROREH
DZLTHD I, HBRYN-EHRORAPBREMRTLAOL:, 7urd—s@irb L (3
7054 34 A proteomics EEHT A To0rF—ARTIIVEEROSE, EAROEED
200N S%E. BOULAOATVADE, ZREBEAEKDI Lo TERARETEL, KR
S CBHOERARERFAETAHETH S, REFTM Rk O 974 ——kLial
LC-MS L &BHOKR L RATHM OBIRZFFH L 72 TOF-MS 5% 5
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NASH BEIADTHELEZLNTVE, TOLHIRIEDE, TTFARAIF I RABEHE
HT%E, PFARRIFUVEROIEBRPE ) 4/ 0 LOEREOHROE=5 ) 0 7
HIGRATE 2THEMN S 5.

LTF I RAERICER L TEO2ETHFER 2R TIEL, 1 V2 YHRMGEER,
IANF—HRIE MELAERAZES I ST 2EBERERT. BRI SN 5L 7
FRENFERL BHEFETEALLEJIIIAINF—OWERLTEDLY, BR@BETIIL Y
FrEABORKBLZZ 6N, TOWBMISERLARRLEZo TS, T L7F VIdFE#
{LEMATLHEMBOFEHILRET 2 EFRESNTVEIE, Znd )i, mpL7F
YREIINASHTIHERL, BWICARTHATREEY DS

e ——— ——— — e re—— N —

D. MAMRED next approach s m gn )

NAFLD ®* NASHDAZ ) —= v 7Oz O MBREIMEICHETES. LH L, NASH
YREIBBE LD L) LBREIRBASECHE L 2TNEZ020WERERE LS, LFLY
NAFLD & L { iZ NASH 125 Re97% b D Tid % {, NASH OREELH I IFERFLETHD
Thabb, WMECHETE, BEROHTHAL NASH ONRAMEZE~— 7 —3% V.

Mm% cytokeratin-18 (CK-18) WiH iEEiZ NAFLD (=B 2 FFMRO7H b — S AL BEL T
ML Y, BEiLECOPMABEW TCHE27L FOI Y7y FOAForsdp7z—h
(DHEA-S) & NAFLD OF@#LO#ITL L ICETT AW, 8612, W(2pDY—H—%
HMAGDE-EM NASH OBKEORES NS LI Ik TETWA (K53, ¥/, 7u

PF14RRIF> HOMA-IR, NEI5-4>7S, B&Uv—hH—
DEAEHEEAVRM{LEE (Stage1-2) NASH OBEE

parameter cut-off Value AUC MERE FRE
adiponectin =40 (pug/mli) 0.765 68 79
HOMA-IR =30 0.757 51 95
Type IV Col.7S =50 (ng/mi) 0.758 41 95
combination of markers 94 74
(St 15 X&)

............................... ; .........................................

firwE

B

| FIEZP SELDI TOF/MS 707
A F9vTIATLE
e ALV NAFLD @5 iR

ST R/RF OERERBNG— >
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TAIVALREYRWE A A7 —RESEERB L PLICEL TR A L IR TET
VA%, NAFLD © NASH 2GRS A LEXZLNEY SBITLV M Fv—H—D%
RS Twa #a4d, 7usr4 I 2%HAVT, BRESICHEL T NAFLD THili%
TL, NAFLDO/SA A= —A— L2 5MEENSL2EAE -2 2&0ELTEY (B54),
SHOMAEORERIMHFTES.
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NASH/NAFLD &

ARy 7o FA—L

NASH and NAFLD in Metabolic Syndrome

FER

I Abstract1

BEMOFKLPEABRFRE Y 5, £EFEMBEETOM
BREETHIARFEY v 7Y FO—LOMMNN R
EhTW3, EFNLI—LAEIER1EATHEE (NAFLD)
G4 EERAOFFEELEA S, FHRERR PN
FEERIhIAERLELHMLTVEII LR S,
NAFLD# 33 H & h TL 3. NAFLDIS Bt RRESAT & F
FIa—LEREREEF A (NASH) (CKABI&Eh, @EEF
BECFEOUXIH5HS5, NASHE FRIT HANEL/<
1A7T—h—Rh <, FOBECIEFOEMRENT DL
ATHAY, BEFOEEFrgLC s, FERF M
WTHZZ DD, MErOREFICAETEIRE~
—H—OREFBETH 5, NASHIZA > 1) ViEHM
EXBEL, PTFARXIFAETRINF-a DLAY
#5h, NASHORARER (= (2 MR IEEA R IR X £ 758
RFBFBIRICBRL Tu 3, NASHOAREE LT >~
AYCEAEREELEFrRASNTSEY,
NAFLD/NASH®D AR IC (£ FRRBO B HESD TH
BTHD,

WECoHIC

FET v 2 — AR BE B PERT % BB (nonalcoholic fatty
liver disease: NAFLD) & I, kiR IHT ¥ / —
VRHC20g A T CIREIF 2 2T 56D THN, T
Va— VR EEY A VAEFRRUED
RIEMERTB BRI S B . NAFLDIZ B0 ARG

&Y - B - AR 18O

BE B AR EREREE ST AR HILBRES - £REMRE

NAFLD, NASH, metabolic syndrome,
Life-style related Disease

FF(simple steatosis) & 3 7 )V = — )b ¥4 i BA B &
(nonalcoholic steatohepatitis: NASH)?D22 25304 & 1L
A%, ERARA I EE R B P T
ANASHTH A, LA L, HEiEEFIINASHIZ
ERTATREM O D, HAMEIEHFTb W8
LEBREBNIVLETHL, BROICIIE(ERE
L WA R TNAFLDE BT X 15 Z EA BV,
NAFLD#ANASH O 7€ & W7 |~ 1 FF &L #kAT A A 0]
RChb, £7, #4TL/ANASHTIZE{ET RS
BT R CRRINZIEHIF2BO 2N ELH Y,
EEVLETHA,.
NASHORFEMF £ L TDay 5 45329 L 72two hit
theoryM L { HIGhTWw A, T4 b5, RIE, LM,
mARME, WHRMZ L o E st hit) THERERF & %
h, 472 VEHMEPRILX LA, =¥ F}
F < 2% 0O R F(sccond hinA WA Y NASHE % %,
Z Dtwo hit theory CIRBENTWAREDOE (E A
FEVy s Fo—AllkE{MboTWw5Z
L BHNASH/NAFLDIZ A # K1) v 2 ¥ FO— 4
ODFHFmELEZLATWADS, ARTH
NASH/NAFLD . A # K1) v 2 ¥ ¥ FO—AOME
OWTEEDHREBMT 5.

W Hirofumi Uto, Shinichi Hashimoto, Hirohito Tsubouchi

Department of Digestive and Life-style related Disease, Kagoshima University Graduate School of Medical and Dental Sciences
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R REOBULR

£2 EBRCEEZVLIEMELTRET AR
HRED S SRR ORNRE - L oER

1. HWAERE - 2 MRS

BMI{l BERALSES WHOB® 2. BERAHAR
WAL AFO— ) LmE
BMI<18.5 ELE Underweight ﬂ%; 523 ?n;:m
18.5<BMI<25.0 #il R Normal range :j :gﬁmﬁ-ﬂl
25.0=BMI<30.0 ea (18 Preobese e 7N — L EIERAIEFFERE (NAFLD)
30.0SBMI<35.0 EA (25 Obese | & TG T RN AR
35.0SBMI<40.0 R (3E Obese Il 3,’,;',‘;'
40.0SBMI BA (4) Obesell 7. MR RARS
(32#k1 2 531 R E) — R B MR
(W 1 53] HE)
WAEH & NASH/NAFLD MEMommE & &2, NAFLDA°NASHO M § X

FE# O FFAEIXBMI ((EEkg)/(% Emy) RS
hTEH, BMIF22THBEG BN ED
5, ChrERIBBEGEEINH SIS, HER
WA BEEGRYT A F 74 2006)Tit18.5
PLE2sskiiAoRne, 2500 E3okiMA M), 30
PAEAR@2~4@ L 25 (1) V', AERBRALS
FAERRE LW TIEBMIN25~28D 1 ED AR
T O WRRERN, 2BWRE, WOE, &k
RGMfi#E, ™3 L AR70—)VilfE, {€KHDL2 L A7
O— VIEZR &% RBET 5 AR IEEEERD?2
Ficnd s L MEIhTWE, 72, BilEA
BRAERAELACH & B TRl R M o2 @B c T o h
A, BERICFET2HEBOEMIE TRBEO
EML D SERTECEREDY A2 LY, B
ADB#ITEIENE VW LRI TV S,

NASHZ & U REREAF I3 B 1o 2 (8 7 v L BEE L
TRETLIREEED—DTHE (F2) YV, F
B17TFERMEE - KERBETCHERAOREBAD
(BMIZ25)D He#id, BMETIZ40@, LHETIEH
BROOEMIBOM L, FNFN1%, 29.0%
Thotz, T2, ETNVITI—-NEEDP2IEYANZR
TR EE DOFIBO%ICIEMAAH L TVE, X512,
BRAGAFIE, BRI Tids0%, Bil2ELETHi
H75%IZH 6%, NASHOHE IINAFLDO &
10%, MADOS~1%HRELFTHLNTVEY, 4

LIZMysLEZLNSY,

W1 R AEHRM ENASH/NAFLD
NASH/NAFLDIZ AIBRARRF #MIZfES £ 2 R >~
ERUTERE-TLIRETH S, AR>S 12
TNF-a, 774 BRIFY, VIFr, Tridt
T/l TTFaRGFL AL
MensEHEEWEFW SN, MIRMHAE
LTAZ2) 7tk T2, 77148432
F AR L M L TP REAET
L, B LURKHBDA A1) YIRS HELET
S84, TNF-a, V7F, Pr9F5F25 =%
YIRAYA) YEREETE S YL, NASHIEH
DI1%DT 74 RAZF ¥ 10pug/mhTF, oA
¥ A Y& F D THOMA-IRA AL, E - i E
ThH0Izxd L, BEEFEN TII33%0A
THhaIEhs, TFARRIF B IENASH
DIFWE L DY, PRIETE S NASHO FHRIEF &
S, TNF-o SABAERGRICHM L, PRk
BEMLAEEMBE»S G S, TNF-qid
NASHOHiML 2R E S L2 RFO—-2TH 5,
ZDESHIETF4 R4 A M B4 ZIANASHORIE
PHERICMSE L, FRIZEVWERIhES 2
VIEHIMEIENASH/NAFLD D AR EHE L # 2 & 1
%o @ BIZ, PPAR(peroxisome proliferators-activated
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NASH/NAFLD & A # 8 Y) o # & » F o — 4 (F48 - BT - #A)

receptor) y agonist TH L F 7 /1) VU HFREL LS
THA NEITA 2 VERELAYEZLEIE
TNASHOFFIEE 2 i ¥ €5,

WE |8 % Z NASH/NAFLD

i 7% 4 BERE A5 200me/dI Ll EORM@ES L (i3
HDLIZ L A7 O — VA3Smg/dIR@OEETHI
¥, NAFLDOEREM LA T A LFBESIT
Wi, NREERICECS X R VEAENE
BEN#HE PHEHTESILEST S, BIHE
BThiRii oS, ERIEREERA N L AT
RAHAT A, T8 R) IFECHES) FT
DR ARORE, H5\VIFRATO g8
DET 2 &I & b FFICIERA % 5% L IRRGIF A0 17
Ll &,

74 77— +RHEAILPPAR- o agonistTH D,
PRBAER D #REE % R L #kA o h i ieRs it & W =
HEZLETHRUIF*SRBSE2TRENH LY,
1, A5 F U RENIZTHMG-CoARTREEHE =
LravaFu—agRNEEROM, L=
TY¥AT VY RAGIER, TNF-e 2044
M A BBEKIFER 7 L %4 L TNASHIZ B
% JFiRAec s & U iR R Lo e A ARE S T
Wwh,

WS ME & NASH/NAFLD

NASH/NAFLDOEREDRR TH A 1 ¥ A1) K
iR, BOEORMERFCLOHE, 1 VA ¥
EHRESNE EFICHST28FL LT, Bich
T ANafF e, REAELEER, L= 7
YX¥F Ty REENEER, MEELHEINE
Mi&hEz6NbB, 7, NASH/NAFLD®##kE
B IZER{EA P L AHBES- L TWwa A, BEA
FLATLEIC L ) MEAEARY CEESND —
BLERNOYEA L, NOATMEINMED 5\ 3%
BAEHME ST LI L TOEL LB EEEY,
—h, BILERE L RS TIL=Y -
TYF¥AT 2 RNTEL, FOPTHT ¥
AT 04 A EHKEERL, &0

£33 HXOS¥LAFOBHERKRERSIZLS
AFE) 92y FO—LADOBKEM (WY £51H)

BEE A B A K (ARBEHERN B EH=100cm?(CHEH)
*OIRMEBEE HE=285cm  kE=290cm

IRICMAUTOSS2RALE o

1) {MrUZUESA FME =150mg/dl
mo/ErER
{EHDL3 L A 50— )Ll <40mg/dl
2) MEMmE =130mm/Hg
mo/EkR
$L3R A I EE =85mm/Hg
3) EWEHHOM 2 110mg/dl

CTAFy YRETARBBRNEET O LHRELLY

SOOI FERTN. BEAR, RL<LTHETS, BELERIES
T. BATACEALTUSHMESRMWRATRENMRE L <OPADORK
ATMETS.

SASMY w2l rEO—AiBEINLES. BANERINOSN
SHMBNICIREATIIZ.

- WTGMEE, EHOL-ClueE, MME, MESIHTIEOMELRIIT
WaHRIR. ENFhOREICSDHS.

HES. BALRAFO-OEDRFFEEASRY vL L EO—-AD
Bl oRAZINZ.

BE LR, BILAF L AMBAELETIEEZT,
I L9 IINASH/NAFLD k& &l - i3 @58 (2Bl L
Twa,

26z, REMTHAT XA T YERE
EHERPT ¥ 772 1 1 BREEHNE
2 R AR O VE AL 2 H0M L, NASHOfF#AE{L
rHETATRESXH L., O LI,
NASH/NAFLD 3 L CIifEEZR XA L7220 - 1L
FAxy boPMIciZ T, BES L ZMES
IINASHOEIT L M2 = LA MiRFHE RS,

ENASH/NAFLDE X # K1) v 7L > FO=L4A
B, EPHARLXFRCLGEECRESSED
BREEHEEEORBHEMNEMTHo 22 &
b, Y Fo—aX, BRomNEE, ABERE
BB L O A LEEENIEE SR, 1999FEWHO
IhAyFE)w sy Fu—LaoREHIRBSR
2o BHI22005%F48, SEEAETERTOAYF
Doy Fuo—LpgphfEsoransl: (®3) 7,
AEEY w2y Fo—4i2, PHRIEHEEHSE
SEOERL LAmME BRREAYE, BOLELXE
THRETH, BRELEZRESLLIERLH
SEEBRRTH L, CTAF v v & XY THIRIRR;
BAERTHZEMNBOLNATV S, BifEE
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1007
[] No metabolic syndrome
801 B Metabolic syndrome
407
201
) 1-2 3-4

NASHDFF##{LR 7 — 2

B NASHOF#HMILOBREL 24K v 222 Fn
— LD (IR L5 HEE)

TIEAMIRRFFEMOME & L T EHRIH /0 4 2 I
TRYTWA A HHETHL, FREAKOE
BT, BRE(LOER:LTHVWLNALDLY
VA7O—-LTId%{ P )54 FEHDLD
LA7O0—-)EHVTWS EbHE#E LTS
Nab,

EHEOAFF) v 2Ly FOu—LOHEEIZEMS
TIEBLE8%~25%, THII2%~22%EET, &
REWMEMERFRMICL VERIRE D FHI7E
ERMH - REWMEOHWE CTIX, 0F~74AD
DI, AYEY I Fu—anB4ENI
#9205 A, TREZIZFHBOFAAN, EhbETH
19005 A\ L #EFL T3, BHED2AIZIA,
DSANICIAZAZFE) v 77 FOo—LH TR
bhaBZbL(REDOFHRELEZZLATEY,
AZFEY) vy FO—ATESIZEEN BTV,

HBAEBRA440IANOMETIZ, BiE25%, i
10% #*NAFLDT, £® 7 H5H1%40%, ZM26%H°
AFENw ooy FO—LAOSHERE M- LT
V3,

EHI, FH44BRICEENEBEERTE LK
fTeh, BiE14%, THES%IFZICNAFLD &
e, 24F)y 2y Fu—n0fFEN
NAFLDDREI(CHM MG LTV 2 e BEXATY
bo T/, NAFLDENASHIZBIFA A S E ) v ¥
YFO—-LDOBEEIZFNFNI4~T9%, 24~

88% LBEINTHNY, NASHNAFLDE A #
Vo2 FO—LOMMEIIEOTHEL, A%
FN ooy FO— LOFEEIINASHD FF@#1t
CRENICERT2LELZ6R2 (H) 9
NASH/NAFLDIZ 4 T 5 G HEIRET L Twie
A%, NASH/NAFLDDEEOEX I 4 FBRAEL -
YPO—NLTWLZETHL, F-HEuitEiRlh
HThoTHFHENASHE 2 2 WREMED S b &M
HeEARBEIULETHA,

WEhHHIC
NAFLD/NASH & £ BRH B L U2 OHEHE
THharAFE ) v rFu—LEinMEizon
THERE % 3 L /2. NAFLD/NASHDJRRE (2178
BH2hTE6F, NAFLD/NASH & PIIERS %M,
LA YERBERLT 74 #HA basf 2l
DHEMAEZHE LT Z L2, NASHORE
REACERIZ LD, E6IZ, AF¥FHY2 2
YFO— AR TA2EMRELREMICHERLT
Ww{ ki, NASHICB T 2 FEZ - Fl~0#
BB TE, NASHOAGFHROKEIZOLH
LtEZIOLND,

s

) BHES: RASECBITIEMONE L RBESBITX
#t.  HAREEKS9, 578-585, 2001.

2) HEFR¥4 & NASH - NAFLDOB#E Y 4 ¥ 1%
&, 2006.

3) Hui JM, Hodge A, Farrell GC, et al: Beyond insulin resistance
in NASH: TNF- @ or Adiponectin? Hepatology 40, 46-54,
2004,

4) Jarrar MH, Baranova A, Collantes R, et al; Adipokines and
cytokines in non-alcoholic fatty liver disease. Alimet
Pharmacol Ther 27, 412-421, 2007.

5) EHHES, #HEE, KEX  AFFI v 2y Fo-
4 & NASH. BIO Clinica 22, 693-698, 2007.

6) KWWz, B ®BE: AFFEYvs vy Fo—Lt
WmME. B AR ML 136, 120-122, 2007,

N AFEY 2Ly FO-ABHEERHEAS: 4 5K
Vy2zrFo—LanEl L BIFER BAEE 04;794-
809:2005.

8) Hamaguchi M, Kojima T, Takeda N, er al. The metabolic
syndrome as a predictor of nonalcoholic fatty liver disease.
Ann Intern Med 2005, 143, 722-728.

9) FHML, FWW X NASHE A7 F Y v 2 S Fo—
L. NASHB# F7 227, ARFE 8. $b4ES
., 58-71, 2007,

10)Tsochatzis E, Papatheodoridis GV, Manesis EK, et al.
Metabolic syndrome is associated with severe fibrosis in
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Association between changes in body composition and the
increasing prevalence of fatty liver in Japanese men
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Alm: Prevalence of fatty liver is increasing. In this study, to
elucidate the factor that contributes most to recent increases
in prevalence of fatty liver, we determined the independent
predictors for the onset of fatty liver and compared these
predictors between 2000 and 2005.

Methods: lapanese persons, aged 30-74 years, who partici-
pated In regular health checks at Kagoshima Kouseiren
Medical Health Care Center (10 336 persons in 2000 and
11 011 persons in 2005) were enrolled in the study. Diagnosis
of fatty liver was performed by ultrasonography. Body fat
percentage (BFP) was determined using a bipedal bicimped-
ance instrument,

Results: The prevalence of fatty liver has increased between
2000 and 2005 in men (33.3 vs 38 5% in 2000 vs 2005, respec-
tively, P <0.0001), but not in women (213 vs 21.0%,
P =0.8101). Logistic regression analysis revealed that both

body mass index (BMI) and BFP are independent predictors of
fatty liver in both men and women. BMI did not change in
either men (23.4+2.9 vs 238+ 3.0kgm’, P=00528) or
women (22.8 + 3.1 vs 22.8 + 3.3 kg/m’, P = 0.9862) during the
survey period. In contrast, BFP increased inmen (206 + 47 vs
2234 5.0 kg/m’, P = 0.0003), but not in women (274 + 55 vs
28.4+ 5.9 kg/nv’, P = 0.3993). There was no significant change
In triglycerides and glucose levels,

Conclusion: These results suggest that altered body com-
position, particularly increased BFP without an increase in
BMI, has developed in men and is strongly associated with the
increasing prevalence of fatty live amongst Japanese men.

Key words: fatty liver, body fat percentage, body mass
index, body composition, life-style, metabolic syndrome

1. INTRODUCTION

ATTY LIVER HAS become a significant problem on a

worldwide scale, including in Japan, because the
prevalence of fatty liver is increasing.'”* Although body
mass index (BMI) is considered to be a major risk factor
for faty liver, BMI is only slightly increased amongst
Japanese men, and is slightly decreased in women
according to national surveys.* Although the increase in
the prevalence of fatty liver cannot be explained simply
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Medicine, Kagoshima Kouseiren Hospital, 22-25 Tenpozan-cho,
Kagoshima 890-0064, Japan. Email: kou.hsp.imamura@ks-ja.or.jp
Recenved 21 January 2008; revision 18 Apnil 2008; accepted 19 April
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@© 2008 The Japan Society of Hepatology

by the increase in the prevalence of obesity, the under-
lying factors have yet to be fully clarified.

In this study, to elucidate the factors that contribute
to the recent increase in the prevalence of fatty liver,
we determined the predictors of fatty liver in partici-
pants who underwent health checks and compared
these predictors between the participants in 2000 and
2005.

2. METHODS AND MATERIALS

HE SUBJECTS IN this study were Japanese persons
aged 30-74 years, who participated in regular health
checks at Kagoshima Kouseiren Medical Health Care
Center: 10336 persons (6484 men, 3852 women) from
April 2000 to March 2001 (2000 group) and 11011

1083
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Table 1 Comparison of variables between participants with and without fany liver

Fatty liver Men Women
With Without P value With Without P value

Age (years) 5149 54410 <0.0001 5649 54110 0.0015
BMI (kg/m?) 256428 226225 <0.0001* 259+34 219427 <0.0001*
BFP (%) 254144 203+43 <0.0001* 339155 269£50 <0.0001*
ALT (1U/L) 38+ 24 24129 <0.0001* 28%19 188 <0.0001*
¥-GTP (1U/L) 58+ 60 4049 0.0012* 24+ 21 1614 <0.0001°*
TC (mg/dL) 218+ 36 206 + 33 <0.0001* 224+35 215%33 <0.0001"*
TG (mg/dL) 179+ 148 118 £ 106 <0.0001* 221162 Bl £41 <0,0001*
HDL-C (mg/dL) 51%12 59115 <0.0001* 5712 67+ 14 <0.0001*
BG (mg/dL) 113+ 26 105419 0.0002* 108+ 27 97 +11 0.0004*
S-BP (mmHg) 125+17 12117 0.0003* 122£17 114%18 <0.0001*
D-BP (mmHg) 82111 7711 <0.0001* 77410 72210 <0.0001"

Data are expressed as mean & SD. ALT, alanine mﬂmmfeme. BFP body fat percentage; BG. blood glucose; BMI. body mass index;

l; 5-BP, lic blood p TC. wial cholesterol; TG,

D-BP, diastolic blood pressure; HDL-C, high d
iriglycerides, 1-GTP, v-gl vl id:

persons (6829 men and 4182 women) from April 2005
to March 2006 (2005 group).

Diagnosis of fatty liver was carried out using ultra-
sonography (SSA-250A and SSA-750A, Toshiba, Japan;
Logic 400, GE Yokogawa, Japan), which was based on
the findings of bright liver (increased echogenity) with
liver-kidney contrast (increased echo level of the liver
compared with the right kidney). BMI was calculated as
follows: body weight (kg)/height’ (m’). Body fat per-
centage (BFP) was determined using a bipedal bio-
impedance instrument (Model TBF-220; Tanita, Japan).
Venous blood samples were taken from all subjects
before 09.00 hours after overnight fasting and analyzed
immediately. Alanine aminotransferase, y-glutamyl
transpeptidase, total cholesterol, triglycerides and
glucose were measured by standard laboratory proce-
dures. High-density lipoprotein (HDL) cholesterol level
was determined by direct homogeneous assay of the
serum using detergents (Daiichi Chemicals, Japan).
History of alcohol intake was determined by question-
naire in which subjects reported a rough approximation
of their daily intake.

Differences between groups were examined for statis-
tical significance using the x* test test, unpaired t-test
and analysis of covariance (ANCOVA). Multivariate
analysis was performed using logistic regression analy-
sis. Cormrelations were examined by linear regression
analysis using the coefficient of comrelation. All data
analyses were performed using Statview software
version J-5.0 (Abacus Concepts, CA, USA), A P-value less
than 0.05 was considered significant.

© 2008 The Japan Society of Hepatology
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* P value after ad}l.uttns for age (ANCOVA).

3. RESULTS

3.1. Independent predictors of fatty liver in
the 2005 group

TO IDENTIFY FACTORS that associated with the
pathogenesis of fatty liver, we compared the clinical
and laboratory features between persons with and
without fatty liver (Table 1) and performed logistic
regression analysis (Table 2).

In both men and women, there was a significant dif-
ference in age between the fatty liver and non-fatty
liver groups. In men, the age of the fatty liver group
was lower than that of the non-fauy liver group; in
contrast, the age of women in the faty liver group
was higher. This may reflect the gender difference in
incidence of fatty liver, which has been reponed
elsewhere.’ Only in men was age found to be an
independent predictor.

Markers of obesity, BMI and BFP, were significantly
higher in the fatty liver group. In addition, both BMI
and BFP were found to be independent predictors of
fatty liver in both men and women.

Triglycerides, HDL-cholesterol, glucose and ALT were
also independent predictors in both sexes. Total choles-
terol and diastolic blood pressure were independent
predictors only in men,

As for alcohol, we compared the proportion of
persons who drink more than 20 g/day between those
with and without fatty liver, and found no difference
between the groups (37.4 vs. 39.8%, P = 0.0569 in men;
1.1 vs. 1.8%, [*=0.1463 in women}).
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Table 2 Independent predictors of farty liver by logistic regression analysis

Regression Coefficient Standard Error P value Odds ratio 95% CI

Men Age -0.011 0.003 <0.0001 0.989 0.983-0.995
BMI 0.207 0.019 <0.0001 1.227 1.183-1.273
BEP 0.126 0.011 <0.0001 1.135 1.110-1.160
ALT 0.017 0.002 <0.,0001 1.017 1.017-1.021
TC 0.006 0.001 <0.0001 1.006 1.004-1.008
TG 0.001 0.000 0.0035 1.001 1.000-1.008
HDL-C ~0.026 0.003 <0.0001 0.974 0.968-0.999
FBS 0.011 0.001 <0.0001 1.011 1.008-1.014
D-BP 0.009 0.003 0.0015 1.009 1.003-1.015

Women BMmI 0.161 0.034 <0.0001 1.175 1.098-1.256
BFP 0.136 0.020 <0.0001 1.146 1.102-1.191
ALT 0.049 0.005 <0.0001 1.051 1.041-1.061
TG 0.009 0.001 <0.0001 1.009 1.007-1.011
HDL-C =0.022 0.004 <0.0001 0.978 0.971-0.987
FBS 0.025 0,003 <0.0001 1.025 1.019-1.031

ALT, alani i ferase; BFP, body fal percentage; BG, blood glucose; BMI, body mass index; Cl. confidence interval; D-BP,

diastolic blood pressure; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, tiglycerides.

3.2. Comparison between 2000 and 2005
groups (Table 3)

The prevalence of fatty liver increased between 2000 and
2005 in men (from 33.3 1o 38.5%), but not in women
(from 21.3 t0 21.0%).

Age was significantly higher in the male 2005 group.
Age might not be involved in the higher prevalence of
fatty liver in 2005 group, because the age of men was
lower in the fatty liver group (Table 1),

There was no significant difference in BMI of both
sexes. BFP increased significantly in men, but not in
women.

Table 3 Comparison between the 2000 and 2005 groups

Total cholesterol level was significantly elevated
in both men and women. HDL-cholesterol levels
decreased significantly in men. There was no significant
difference in triglycerides and glucose levels. There was a
significant difference in men’s diastolic blood pressure.

4. DISCUSSION

ATTY LIVER IS an increasingly recognized condition,
linked to the metabolic syndrome associated with
obesity and insulin resistance. BMI has been considered
to be the most important risk factor for fauy liver.**

Men Women

2000 2005 P value 2000 2005 P value
Fatty liver (%) 333 38.5 <0.0001* 213 21.0 NS*
Age (years) 52% 10 53+ 10 <0.0001** 54410 554 10 0.0243°*
BMI (kg/m’) 234429 23.8+3.0 NS* e 228431 228433 NS***
BFP (%) 06147 223+£5.0 0.0003*** 27.4%55 284159 NS
ALT (IUfL) 28+28 29+28 NS§*** 19413 20+12 NS*e*
TC (mg/dl) 204 £33 211135 0.0058*** 209% 34 21734 <0.0001***
TG (mg/dl) 151126 142+ 127 NG e 100 £ 57 89+ 42 NS **
HDL-C (mg/dl) 6016 56+t 14 0.0230*** 6916 65+ 14 NS***
BG (mg/dl) 109 £ 21 108 + 23 NG=+* 102+ 16 97417 NS"**
D-BP (mmHg) 7811 79+ 23 <0.0001*** 7316 73t 16 N§*=*
Data except fatty liver prevalence were expressed as mean £ SD. ALT, alanine aminc fi BFP, body fal percentage; BG, blood

glucose; BMI, body mass index; D-BP, diastolic blood pressure; HDL.C, high density lipoprotein-cholesteral; TC, total cholesterol; TG,
triglycerides. * 7 test; **unpaired r-test; ** *analysis of covariance (ANCOVA, adjusted for age).

® 2008 The Japan Society of Hepatology
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However, the recent increase in prevalence has not nec-
essarily involved increasing BMI;* factors other than an
increase in BMI are concerned. In the present study, as
shown in Table 3, the increasing prevalence of fatty liver
amongst men was associated with changes in BFP, and
total cholesterol and HDL-cholesterol levels. It is signifi-
cant that the prevalence of fatty liver increased with
increasing BFP, even without an increase in BMI.

The increase in BFP without a corresponding increase
in BMI may indicate changes in body composition; that
is, an increase in body fat deposits and corresponding
decrease in the fat-free component As for fat deposits,
Eguchi et al. report that the severity of fatty liver is posi-
tively correlated with visceral fat accumulation regard-
less of BML® It is possible that the increase in BFP
corresponds to an increased accumulation of visceral fat.
On the other hand, Caprosto et al. report that the resting
metabolic rate (RMR) is lower in patients with non-
alcoholic steatohepatitis than in controls.” Because of
the comrelation between RMR and muscle mass, lower
RMR possibly reflects a decrease in muscle mass, Thus,
the decrease in the fat-free component may correspond
to a decrease in muscle mass. The literature suggests that
Asian populations have a high level of abdominal fat at
a lower BMI relative to Caucasians.*? Therefore, Asians
are at a higher risk for obesity-associated disorders even
without obesity, and this is the rationale behind the
World Health Organization's Regional Office for the
Western Pacific criteria (overweight at risk) for Asians.”
It is considered that the characteristic body composition
of the Asian population has been further impacted upon
by the present-day lifestyle in Japan, resulting in an
increased prevalence of fatty liver without an increase in
BMI. Since visceral fat obesity strongly associates with
the metabolic syndrome, our study underscores the
importance of monitoring visceral fat accumulation
using representative indicators such as waist circumfer-
ence or waist/hip ratio, or monitoring visceral fat
volume by CT scan, during regular health checks.
Table 3 shows that the prevalence of fatty liver has
increased with increases in total cholesterol and
decreases in HDL-cholesterol, possibly suggesting an
association with insulin resistance.'® Additional studies
are required to further clarify these assodations,

The changes in body composition in the present study
should be distinguished from obesity. Obesity may
bring about increases in both BFP and BMI. We consider

® 2008 The Japan Society of Hepatology

Hepatology Research 2008; 38: 1083-1086

that inadequate dieting (and rebound), irregular eating
habits (e.g. fasting at breakfast) and a lack of exercise are
the probable causes of the reported changes in body
composition. As described above, it seems difficult to
prevent the increasing prevalence of fatty liver only by
weight (BMI) control. Thus, we must emphasize the
need for a new strategy to reduce risk of fatty liver, in
which relevant nutritional support and exercise are
employed 10 reduce body fat deposits and develop
muscle mass.
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Human Neutrophil Peptides -3 Are Useful Biomarkers in
Patients with Active Ulcerative Colitis

Shuji Kanmura, MD,* Hirofumi Uto, MD,* Masatsugu Numata, MD," Shinichi Hashimoto, MD,*
Akihiro Moriuchi, MD,* Hiroshi Fujita, MD, * Makoto Oketani, MD,* Akio Ido, MD, * Mayumi Kodama, MD,*

Hidehisa Ohi, MD,® and Hirohito Tsubouchi, MD,*

Background: A specific useful biomarker for diagnosing ulcer-
ative colitis (UC) has not yet been described. This study employed
proteomics to identify serum protein biomarkers for UC.

Methods: Ninety-four blood samples were tsolated from patients
and controls (including 48 UC, 22 Crohn's disease [CD), § colorec-
tal cancer. and 6 infectious colitis patients and |3 healthy subjects).
Serum samples were analyzed using the SELDI-TOF/MS Protein-
Chip system. After applying the samples to ProteinChip artays, we
assessed differences in the proleomes using Ciphergen ProteinChip
software and identified candidate proteins, which were then charac-
lenzed 1n immunoassays.

Results: Preliminary analysis using the ProteinChip system re-
vealed significant peak-intensity differences for 27 serum proteins
between 11 patients with UC and 7 healthy subjects. Among these
proteins, 3 proteins (with mass/charge ratios of approximately 3-400)
were identified as human neutrophil peptides 1-3 (HNP 1-3). The
presence of HNP 1-3 in the patient sera was confirmed using
immunoassays. Enzyme-linked immunosorbent assays  demon-
strated that the mean plasma concentration of HNP 1-3 was signif-
icantly higher in patients with active UC (n = 28) than in patients
whose UC was in remission (n = 20) or patienls with CD (s = 22),
infectious colitis, or healthy subjects, and tended to be higher than in
patients with colon cancer. In addition, the plasma concentration of
HNP 1-3 in patients that responded to corticosteroids-based therapy
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Condusions: HNP 1-3 is a novel biomarker that may be useful for
diagnosing patients with active UC and predicting treatment out-
comes.

(Unflamm Bowel Dis 2008;00:000-000)

Key Words: biomarkers, inflammatory bowel disease, ulcerative
colitis, human neutrophil peptides 1-3, SELDI-TOF/MS, proteom-
1cs

enetic and environmental factors contribute to the dis-

ease process of inflammatory bowel disease (IBD), in-
cluding ulcerative colitis (UC).'? The presence of active
inflammation of the gut in patients with UC is associated with
an acute-phase reaction and the migration of leukocytes to the
gut, This, in tum, promotes the production of a large number
of proteins.® Determination of inflammatory activity is im-
portant for the comprehensive assessment of patients with UC
and for the tailoring of therapy.* Many clinical activity indi-
ces are used 1o stratify patients with UC, For example, the UC
Disease Activity Index (UCDAI) is a widely used measure
of clinical parameters of disease activity. These indices, how-
ever, only provide indirect assessments of disease activity.
Whereas albumin, hemoglobin, the erythrocyte sedimentation
rate (ESR), and acute-phase protein levels are commonly
used biological parameters for assessing UC, there are no
accurate markers (o assess the inflammatory activity observed
with histopathologic or endoscopic analyses.®

Proteomic array technology, in which a ProteinChip
system is coupled with surface-enhanced laser desorption
ionization/time-of-flight/mass  spectrometry  (SELDI-TOF/
MS) for the profiling of serum or plasma, is a powerful tool
that allows the identification of new biomarkers for malignant
tumors and autoimmune diseases.” This technology is a
rapid and sensitive technique, in which the detected peak
intensities for some proteins correlate with concentrations
determined using enzyme-linked immunosorbent assay
(ELISA). Novel blood biomarkers which are identified by
this proteomics, may provide clinicians with more accurate
parameters 1o assess inflammatory activity in UC.
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Host defense processes, which rely on both innate and
adaptive immune mechanisms, are critical for the develop-
ment of IBD.*? Innate immunity participates in the activation
of antigen-specific adaptive immune responses, including the
production of antimicrobial peptides/proteins. In mammals,
defensins, a class of antimicrobial peptides, can be divided
into 2 major groups: a-defensins and B-defensins.® Six types
of a-defensins have been identified, 4 of which are produced
predominantly by neutrophils and phagocytes and stored in
the granules of these cell types (denoted human neutrophil
peptides 1-4; HNP 1-4). The remaining 2 a-defensins are
localized in Paneth cell granules (denoted human a-defensins
5and 6; HD 5 and 6). Although the amino-acid sequences of
HNP 1, HNP 2, and HNP 3 are very similar, the sequence of
HNP 4 is different than those of HNP 1-3. HD 5 is expressed
by metaplastic Paneth cells in the colons of patients with UC
or CD. The expression levels of HD 5 in blood, however,
have not been examined; there are currently no data evaluat-
ing HINP 1-3 expression in patients with IBD.

In this study we clearly demonstrate serum profiling
with increased levels of HNP 1-3 in Lhe sera of patients with
UC using a proteomics-based approach. We also compared
the protein levels of HNP [-3 in plasma samples from pa-
tients with UC and Crohn's disease (CD), before and after
treatment for UIC, and in patients in which treatment was
effective or not effective. These analyses will contribute to
our understanding of the pathogenesis of UC and aid in the
discovery novel biomarkers to assess disease activity and
therapeutic responses.

MATERIALS AND METHODS

Patients

After obtaining written informed consent, we analyzed
a total of 94 blood samples from patients with IBD, colorectal
cancer (CRC), infectious colitis, and control subjects. Forty-
eight patients were diagnosed with UC (20 females and 28
males; median age, 39 years; age range, 12-72 years) and 22
with CD (11 females and 11 males; 29 years; 16-57 years).
The control group contained 13 healthy subjects (5 females
and R males; median age 30 years; age range, 24-34 years)
and 5 with CRC (1 female and 4 males; median age 62 years;
age range, 52-80 years) and 6 with infectious colitis (3
females and 3 males; median ape 42 years; age range, 17-77
years). The study protocol was approved by the Ethics Com-
mittee of the Kagoshima University Graduate School of Med-
ical and Dental Sciences (Kagoshima, Japan) and the Faculty
of Medicine at the University of Miyazaki (Miyazaki, Japan).
All IBD patients were diagnosed using established endo-
scopic, radiological, histological, and clinical criteria. The
inactive or remission phase of UC was defined as a UCDALI
score less than or equal to 2, whereas the active phase was
defined as a UCDAI score greater than or equal to 3.° Twenty
and 28 patients with UC were identified as inactive-phase and

2

active-phase patients, respectively. All of the patients with
active-phase UC were treated with oral corticosteroids,
whereas 23 received leukocylapheresis therapy (LCAP) (Ta-
ble 1). Furthermore, 4 of the active UC patients did not
respond to treatment and eventually underwent a total colec-
tomy. Fourteen patients with CD had high disease activities
based on an Intemational Organization for the Study of
Inflammatory Bowel Disease (10IBD) score of 2 or greater'®
and were regarded as active-phase patients. Eight patients
that had lower IOIBD scores (0 or 1) were defined as inac-
tive-phase patienis. All 5 CRC patients were diagnosed with
Duke's A group cancers by endoscopic, radiological, and
histological examinations. All 6 patients with infectious co-
litis had diarrhea and fever, and were diagnosed based on
clinical findings.

SELDI-TOF/MS

We used chips with cationic surfaces for analysis
{CM10; Bio-Rad Laboratories. Hercules, CA). Serum sam-
ples were denatured in urea buffer (7 M urea, 2 M thiourea,
4% CHAPS, 1% dithiothreitol. and 2% ampholites), and then
diluted 1:9 in binding/washing buffer (50 mM sodium ace-
tate, pH 4). After washing the chip twice in binding/washing
buffer, we applied 100 pl. of diluted serum to each chip spot.
Samples were incubated for 40 minutes and washed 3 times.
After rinsing the chips once in water, 0.5 pul. CHCA (a-
cyano-4-hydoroxycinnamic acid; Nacalai Tesque, Kyoto, Ja-
pan) was applied twice o each spot and allowed (o air-dry.
Arrays were analyzed using a ProteinChip Reader (Protein-
Chip Biology System II; Bio-Rad Laboratories). TOF spectra
were generated with laser shots collected in positive mode.
The laser intensity ranged from 190 to 195 with a detector
sensitivity of 6. On average, 65 laser shots per spectrum were
used. A mixture of standard mass calibrant proteins (All-in-
one Peptide Standard; Bio-Rad Laboratories) in 500 nl. was
used to calibrate the system for mass accuracy. The standards
were applied to a single spot of the normal phase chip array
(NP20; Bio-Rad Laboratories), after which two 1.0-plL sam-
ples of saturated CHCA were applied. TOF values were
compared to the molecular masses of the standard proteins;
calibration was performed according to the manufacturer’s
instructions.”

Immunodepletion Assay

Initially, 6 pl. of anti-HNP 1-3 antibody solution (120
ng; Hycult Biotechnology, Netherlands) was bound to 30 pL.
of Protein A-agarose (Sigma Chemical, St. Louis, MO) for
15 minutes on ice. The postcentrifugation supernatant was
discarded and the pellet was washed twice in buffer contain-
ing 20 mM HEPES (pH 7.8), 25 mM KCl, 5§ mM MgCl,, 0.1
mM EDTA, and 0.05% NP40. Then 15 pL of sera from each
patient with UC was incubated with a pellet for 45 minutes on
ice. As a negative control, samples were incubated with
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HNP I-3 as Biomarkers in UC

TABLE 1. Characteristics of Patients with UC or CD

uc D
Disease activity® Active Inactive Active Inactive
Number 28 20 14 8
Gender (M/F) 1949 9/11 104 62
Age (range), yr 41 = 16 (14-68) 31 2 16(12-72) 32 = 13(16-5T) 28 = 7(18-40)
Disease duration (range), yr 56 = 4.8(1-19) 52243(1-18) 94 = 74(3-22) 6.0 = 38(1-13)
Treatment®
S-aminosalicylic acid 28 19 14 8
Corticosterond 28 7 10 2
Leukocytapheresis 23 0 0 0
Type of UC
Left-side colitis 4 8 — —
Pancolitis 24 12 — —
Type of CD
lleal - — 4 2
Heocolonic — — 9 5
Colonic — — 1 |
UIC, ulcerative colitis; CD, Crohn's disease. Data are shown as the means * SD or range.
*Active UC is defined as an Ulcerative Colitis Disease Activity Index score equal to or greates than 3, and active CD is defined as an | ional Organi

for the Study of Inflammatory Bowel Dhsease score equal to or greater than 2.

"Includes the overlap treatment.

Protein A-agarose in the absence of a specific antibody. After
incubation, samples were cleared by centrifugation; 3 pL of
each supernatant was analyzed on NP20 ProteinChip arrays
using a PBS Il reader."!

ELISA

We determined the HNP 1-3 (P59665, P59666) con-
centrations in plasma using a human HNP 1-3 ELISA kit
(Hycult Biotechnology) according to the manufacturer's in-
structions. Samples were analyzed in duplicate using a plate
reader (Bio-Rad Laboratories) at 450 nm, The concentration
of each protein in the plasma was calculated according o a
standard curve.

Immunohistochemical Studies

HNP 1-3 expression in colon lissue was evaluated
using immunohistochemistry. Abnormal colon tissues were
obtained by total colectomy in patients with UC, whereas
normal colon tlissues were isolated in surgical resections for
colon cancer by taking surrounding normal tissue without
malignant cells. Colon tissues were fixed in 10% formalin
and embedded in paraffin. For histological examination,
5-pm slices were stained with hematoxylin and eosin (HE).
The anti-HINP 1-3 monoclonal antibodies (BMA Biochemi-
cals, Augst, Switzerland) was diluted to a final concentration
of 0.5% (w/v) in phosphate-buffered saline (PBS) supple-
mented with 1% fetal bovine serum (FBS). Immunohisto-

chemical analysis of paraffin-embedded sections using anti-
bodies against HNP 1-3 was performed as described.'?
EnVision plus horseradish peroxidase (Dako, Carpinteria,
CA) was applied to samples; chromatin 3',3’-diaminobenzi-
dine was used to detect bound antibody.

Statistical Analysis

Values shown are the means + SD. Statistical signifi-
cance, including that for differences in laboratory data and
individual peaks in SELDI-TOF/MS, was determined using
Mann-Whitney U- and paired r-tests. P-values < (.05 were
considered to be statistically significant. The discriminatory
power for each putative marker was described via the area
under the curve (AUC) from receiver operating characteristic
(ROC) analysis. The statistical analyses were performed us-
ing StatView 4.5 software (Abacus Concepts, Berkeley, CA),
SPSS software (SPSS, Chicago, IL), and Ciphergen Protein-
Chip Software (Fremont, CA) v. 3.0.2,

RESULTS

Profiling Serum Proteins in Patients with UC

We performed differential profiling of serum proteins
in 11 patients with UC and 7 normal healthy controls using
the SELDI ProteinChip system. Peaks were automatically
detected using Ciphergen ProteinChip Software 3.0.2.71
‘Twenty-seven serum peaks in the 3000-10,000 m/z range

3
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Figure 1. Serum proteomics of UC patients and healthy con-
trols using SELDI-TOF/MS. (A) Spectra representing the serum
proteins of a patient with UC and a healthy volunteer. The hor-
izontal axis shows a range from 3000 to 10,000 m/z Significant
differences in peak intensities between patients with UC and
healthy volunteers were found for 27 peaks. (B) The intensities
of the protein peaks are shown for the range between 3300 and
3600 m/z. Protein peaks with m/z values of 3371, 3443, and
3486 represent HNP 2, HNP 1, and HNP 3, respectively.

were significantly different between the 2 patient groups (Fig.
1). Sixteen peaks resulted in P-values less than 0.01 (Table
2). The most dramatic difference was detected for a 3371 m/z
protein, the level of which was increased in the sera of UC
patients compared with healthy controls.

Identification of HNP 1-3
A previous study of colon tumor tissue identified a
similarly increased signal at 3371 m/z using ProteinChip

i :F‘MMW .Lfl'lm:g ;JI\J‘_? lln...'n\__u
i ?M@m%%,zmm '

Figure 2. Immunodepletion assay using Protein A beads. Anti-
HNP 1-3 antibodies (Hycult Biotechnology) were bound to 30
pL of Protein A beads. Sera from UC patients were incubated
with these beads. After clearing by centrifugation, 3 L of each
supernatant was analyzed using an NP20 ProteinChip array.

arrays.!214 The peak was confirmed 1o correspond to HNP 2
with an immunodepletion assay. Peaks at 3443 and 3486 m/z,
reported o correspond 1o HNP 1 and HNP 3 in the previous
report, were also found to be significantly increased in anal-
yses of the sera of UC patients compared 10 results observed
for control samples. HNP 1, 2, and 3 have similar structures
consisting of 30, 29, and 30 amino acids, respectively; 29 of
the amino acids are identical among the peptides.'>!* We also
subjected the serum samples to immunodepletion assays us-
ing monoclonal antibodies against HNP 1-3 and found that
the 3371, 3443, and 3486 m/z protein peaks in the SELDI-
TOF MS spectra were no longer observed for the sera from
patients with UC (Fig. 2). These peaks were clearly observed
for negative control samples, which underwent immu-
nodepletion assays in the absence of specific antibodies.
These results indicate that the 3371, 3443, and 3486 m/z

TABLE 2. Discriminatory Peaks and Mean Values in Samples from Patients with Ulcerative Colitis and Healthy Volunteers

Mass to Charge (m/z) Ulcerative Colitis (n = 11) Healthy Subject (n = 7) P-value
3371 1.42 + 0.66 0.40 = 0.10 48x 10t
4789 0.51 + 0.82 0.05 =003 48x10*
5421 034 £ 024 0.09 = 0.02 48x10 "
R688 0.65 + 041 1.70 + 0.38 68 %104
5838 0.79 + 0.85 021 = 0.05 94x10*
435] 0.82 + 0.62 2.21 £ 0.56 1.3%x 107
5620 0.11 005 0.39 £ 023 L7 x 107
6881 1.00 =059 224 =046 L7 %10
9358 0.17 = 0.06 0.80 % 0,52 1.7% 107
7023 0.12 = 0.07 0.66 * 046 24x107°
4469 131+ 216 1.02 = 0.59 32x10
4542 0.39 = 0.17 0.16 = 0.02 43 %107
4590 (.86 = 045 1.63 * 0.26 4ax10"’
4287 0.68 + 037 1.26 + 0.39 57x10°?
2900 0,18 =012 037 =014 98 x 10
2979 1.00 = 0.88 026 *0.15 98x 10"

Statistical significance was determuned using & Mann-Whitney [/-test.
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Figure 3. Concentrations of HNP 1-3 in the plasma of patients
with UC, CD, colorectal cancer, infectious colitis, and healthy
controls. Boxes indicate the median = 25th percentile. The
lower bar indicates the 10th percentile and the upper bar indi-
cates the 90th percentile.

protein peaks, which were larger in the spectra for sera of UC
patiemts, corresponded to HNP 1-3.

Concentrations of HNP 1-3 in Plasma

It was not possible to determine the individual concen-
rrations of HNP 1, 2, or 3 using commercially available
ELISA kits; therefore, we evaluated the total concentration of
HNP 1, 2, and 3 in plasma. We found that there was a clear
correlation between the serum HNP 1-3 peak intensities
determined vsing the SELDI system and the plasma HNP 1-3
concentration measured using ELISAs in 11 patients with UC
and 7 normal controls (r = 0.68, P < 0.01). We then
determined the plasma concentrations of HNP 1-3 in 48 UC
patients, 22 CD patients (Table 1), 5 CRC patients, 6 infec-
tious colitis patients, and 13 healthy controls (Fig. 3). The
plasma concentrations of HNP 1-3 were significantly higher
in patients with active UC (203.1 *+ 2155 ng/mL) than in
patients with inactive UC (58.3 = 495 ng/mL), CD (active,
65.5 + 11.2 ng/mlL, inactive; 70.4 * 20.0 ng/mL), infectious
colitis (72.2 = 16,5 ng/mL), or the healthy controls (77.5
+ 164 ng/mL). In addition, HNP 1-3 concentrations in
patients with active UC tended to be higher in patients with
CRC at Duke's stage A (1008 = 27.6 ng/mL), but not
significantly. HNP 1-3 concentrations in CRC patients were
also higher than those in patients with inactive UC and
healthy controls.

Expression of HNP 1-3 in Intestinal Tissue
We examined the localization of HNP 1-3 in normal
tissues and those from patients with active-phase CD or UC

using immunohistochemistry. The colonic mucosa, lamina
propria, muscle layer, and crypt abscesses of patients with
active 11C exhibited strong staining with anti-HNP 1-3 anti-
bodies (Fig. 4). These sections contained a number of infil-
trating neutrophils (Fig. 4B,C), which may provide a source
of the secreted HNP 1-3 near the colonic epithelium. Positive
staining for neutrophils, however, was seen in the blood
vessels of both normal and abnormal colon tissues. In addi-
tion, small numbers of neutrophils with positive staining were
seen in submucosal tissue of patients with CD (Fig. 4D),
Epithelial cells in colon samples from patienis with inflamed
CD or from normal healthy subjects did not exhibit staining
with anti-HNP 1-3 antibodies (Fig. 4D,E).

HNP 1-3 as a Biomarker in UC Patients

We investigated the association between the HNP 1-3
concentration and the clinical course of UC. We determined
the HNP 1-3 concentrations in pairs of plasma samples from
15 patients with active UC obtained before and after induc-
tion therapy with corticosteroids (Table 3). Eight UC patients
in the responder group were successfully treated by induction
therapy. The elevated HNP 1-3 levels of UC patients in the
responder group were reduced after induction therapy (Fig,
5). In contrast, 7 patients in the nonresponder group, 2 of
whom had a total colectomy and 5 who quickly relapsed,
were not effectively treated. The HNP 1-3 levels of patients
in the nonresponder group before treatment were lower than
those in the responder group and were not changed after
treatment (Fig. 5). Additionally, although plasma HNP 1-3
levels (means = SD) of responder active UC patients (273.0
#+ 224 8 ng/ml.) were higher than those with active CD (65.5
* 11.2 ng/ml.) (P < 0.001), those with nonresponder active
UC (846 = 26.5 ng/mL) were similar to those with active
CD. These results indicate that patients with active UC and
low HNP 1-3 levels do not respond well to treatment.

We evaluated the relationship between the HNP 1-3
levels and the clinical activity of UC. There was a significant
correlation between the HNP [-3 levels and the UCDAI
score or the white blood cell count (WBC) of UC patients (r
=054, P < 0.01; r = 0.55, P < 0.01, respectively), although
no correlation between the HNP 1-3 levels and the C-reactive
protein (CRP) levels was noted (r = 0,24). In addition, ROC
analysis was performed to estimate the efficiency of induction
therapy for patients with active-phase UC, we calculated the
sensitivity and specificity of HNP 1-3 levels for discriminat-
ing responder UC patients from nonresponders. We obtained
a sensitivity of 89% and a specificity of 80% using a cutoff
value of 100 ng/mL HNP 1-3; the ROC AUC was 0.89
between the responder and nonresponder groups of UC pa-
tients, For evaluations of the activity of UC, we compared
such inflammatory markers as the CRP level and the WBC
the HNP 1-3 level in patients with UC. ROC AUC of the
CRP level and WBC were 0.76 and 0.56, respectively. Thus,

5
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Figure 4. Expression of HNP 1-3 in the tissue of patients with active UC or CD and in normal colon tissue. (A) HE staining of colon tissues
from patients with UC. (B,C) Immunohistochemical staining demonstrated extensive HNP 1-3 expression in the colon tissues of patients
with UC. Many HNP 1-3-positive cells were observed in the crypt abscesses (B: arrow) and in neutrophils that had migrated into the
epithelial layers (C: arrowhead). In addition, an ulcer lesion observed in the colon sample stained positive for HNP 1-3.(D,E) Although small
numbers of neutrophils in the blood vessels and submucosal tissues were positive for HNP 1-3, epithelial cells in colon samples from
patients with inflamed CD or normal subjects were not positive for HNP 1-3. Original magnification: 100 (A,B) and 200 (C-E).

the level of HNP 1-3 had a high discriminatory power for
estimating the efficacy of treatment in patients with UC.

DISCUSSION

We identified 27 proteins that showed significant dif-
ferences in the serum protein profiles of patients with UC
compared with those of healthy controls using SELDI-
TOF/MS analysis. Of these proteins, 3 signals around 3400
m/z were confirmed to correspond to HNP 1, 2, and 3. In
addition, we observed an increase in HNP 1-3 plasma levels
in patients with active-phase UC compared with that seen in
patients with rermssion-phase UC or CD; these levels were

6

higher in the plasma of UC patients who showed better
therapeutic outcomes than in samples from nonresponder
patients.

Several studies have suggested that the development of
IBD requires the interaction of genetic factors with both
specific luminal bacterial antigens and environmental triggers
that break the mucosal barrier.'s-'% Although the principle
treatment for IBD is the suppression of inflammation, treat-
ment strategies for the 2 diseases, UC and CD, are somewhat
different. Whereas these differences may address the differ-
ent biomarkers of the 2 conditions, a specific biomarker for
IBD remains unknown. To discover a biomarker of UC, we
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TABLE 3. Characteristics of Patients with Active UC in the Responder Group and Nonresponder Group

Responder Nonresponder P-value

Number 8 7
Gender (M/F) 51 5n 07
Age (yn) 335 = 13.8[14-50] 423+ 198 [16-68] 04
CRP (mg/dh  fv B Oy 33x45 0.4
WRBC (cellsful) 12714 = 4604 7657 = 3423 0.04
Platelets % 10%/ul 404274 36.2 % 11.1 0.3
HNP 1-3 (ng/ml) 273.0 = 2248 84.6 = 265 0.002
Type of UC

Pancolitis/Left-side colitis m 512 0.6
UCDAI score 94246 8619 0.7
Duration 6,7 %+ 65(1-19) 57 = 5.1[2-16) 08

Data are shown as the means = SD [ranges). Statistical significance was determined using a Mann-Whitney U-test or Fisher's exact test, as appropriate, UIC,

ulcerative colitis; UCDAL Ulcerative Colitis Disease Activity Index.

employed ProteinChip technology. The likelihood of finding
reliable tumor markers by analyzing tissue may be higher
than in analyses of serum'?; malignant cells may produce
proteins that are useful hiomarkers. In nonmalignant diseases,
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Figure 5. HNP 1-3 levels In the responder and nonresponder
groups before treatment predicted therapeutic outcomes in UC
patlents; changes In the HNP 1-3 levels in UC patients in re-
sponse to treatment are presented. The mean concentration of
HNP 1-3 in the responder group before treatment was signifi-
cantly higher than that seen in the nonresponder group, which
indicates that HNP 1-3 levels may be an effective predictor of
therapeutic outcomes. HNP 1-3 levels tended to decrease after
treatment In the responder group, whereas no changes were
observed for the nonresponder group. Patients whose plasma
was not obtained after treatment were excluded from analysis.

such as UC, protein profiling of serum or plasma may be
more informative than that of tissue samples. Additionally,
fluid samples, such as serum, are easier to obtain than tissue
samples. Thus, we used serum samples to identify new bi-
omarkers for UC.

Defensins are one of the most extensive peptide fami-
lies of natrally occurring antibiotics, These peptides exhibit
microbicidal activities against Gram-positive and Gram-neg-
ative bacteria. mycobacteria, fungi, and certain enveloped
viruses. HNP 1-3 are part of the a-defensin family and
components of the innate immune response. HNP 1-3 are
synthesized by neutrophil precursor cells and released at
inflammatory sites by mature circulating neutrophils.®# The
expression of HNP 1-3 has been observed in epithelial cells
of the ileum and colon in patients with active UC or CD.2
Whether neutrophils within inflamed colon tissue express
HNP 1-3 in IBDs, however, is not known. In this study, we
demonstrated that the colon mucosal tissue of patients with
active UC or CD displayed minimal immunoreactivity for
HNP 1-3, whereas the infiltrating neutrophils were stained
strongly. These results indicate that HNP 1-3 were secreted
from neutrophils, leading to increased plasma levels in pa-
tients with UC. High concentrations of HNP 1-3 can be
cytotoxic for epithelial cells due to cytolysis and can induce
apical conduction in Cl  secretory epithelia®'-** Thus,
whereas HNP 1-3 have antibacterial activities in the early
phase of UC, they also may injure the colon if they are
overexpressed by infiltrating neutrophils. High concentra-
tions of HNP 1-3 may adversely affect colon tissues in UC
patients, potentially contributing to diarrhea.* HNP 1-3 are
secreted from the azurophilic granules of neutrophils follow-
ing stimulation with IL-8.* Epithelial-derived IL-8 is thought
to mediate neutrophil migration and infiltration during the
inflammatory process of UC>3¢ |L-8 mRNA levels are

2
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significantly higher in UC patients with crypt abscesses.®’
Although HNP [-3 have been reported to be expressed by
surface enterocytes in the mucosa of patients with active
IBD,* we observed only minimal staining of the colonic
surface mucosa from patients with active UC using anti-HNP
1-3 antibodies. Moreover, Caco-2 and HT-29 cells, 2 colon
epithelial cell lines, do not express HNP 1-3 (data not
shown). Therefore, we hypothesized that HNP 1-3 are ex-
pressed by neutrophils following stimulation with [L-8,
which suggested a correlation between the 11-8 and HNP 1-3
levels. We did not, however, observe a comelation between
the IL-8 and HNP 1-3 levels in the plasma from active UC
patients, and there was no association between the disease
activity score and plasma IL-B concentrations (data not
shown), These results indicate that HNP 1-3 expression may
be affected by other factors and HNP 1-3 values appear 1o be
more useful to measure clinical UC disease activity than I1.-8
levels.

Neutrophils are critical cellular mediators of the inflam-
mation observed in UC. Neutrophils increase in number and
display augmented activation during active-phase UC, but not
inactive-phase UC.** Neutrophils extensively infiltrate colon
tissue in patients with UC, and can be detected in the in-
flamed mucosa during even the early stages of inflamma-
tion. #30 Platelets are also important in the pathophysiology
of UC.* Cyuapheresis therapy (including LCAP) in combi-
nation with steroid therapy can be an effective treatment
option for patients with active UC.*? LCAP may remove and
modulate both leukocytes and platelets, thereby altering the
expression of proinflammatory cytokines.*** The effect of
LCAP on HNP 1-3 levels, however, has not been examined,
and further studies are needed to determine whether HINP 1-3
levels decrease in response to LCAP. In addition, we showed
that HNP 1-3 levels in the plasma were higher in patients
with active UC than in those with infectious colitis, and HNP
1-3 levels were similar between patients with infectious
colitis and healthy controls. In contrast, it was reported that
HNP [-3 levels in patients with severe infectious diseases,
such as sepsis, were higher than those in healthy controls.3s
The disease severity of the enrolled patients with infectious
colitis in this study may have affected our results. Cytaphere-
sis therapy, however, may not be effective for severe infec-
tious diseases, including infectious colitis, and high concen-
trations of HNP [-3 in patients with active UC may be
associated with disease characteristics. Further examination,
including cases of infectious colitis with sepsis, will be nec-
essary.

As previously reported, we found that several inflam-
matory makers, including the CRP level, WBC, and platelet
count, decreased after treatment. Changes in these inflamma-
tory markers did not predici the reatment outcome of patients
with UC, whereas plasma levels of HNP 1-3 correlated with
UC disease activity and predicted the therapeutic outcome.

8

There were no comrelations between plasma HNP 1-3 levels
and inflammatory markers, such as platelet counts and CRP
levels. These results may suggest that high levels of HINP 1-3
independently indicate the activity of disease and the feasible
treatment outcome in patients with UC. However, there is a
limitation in the use of HNP 1-3 measurement as a biomar-
ker; low levels of HNP 1-3 in colitis patients did not diagnose
whether they had nonresponder UC or active CD. Therefore,
low levels of HNP 1-3 in colitis patients should be assessed
by clinical symptoms, stool for bacterial examination, and
endoscopic and radiographic examination of the gastrointes-
tinal tract for diagnosis. Other proteins and peptides that were
detected by SELDI/TOF-MS in this study are now under
investigation and may serve as additional biomarkers for the
assessment of IBD, especially in nonresponder UC patients.

The levels of HNP 1-3 in tumor tissue and serum were
reported to increase in patients with CRC.'? It was also
reported that plasma HNP 1-3 concentrations determined
using ELISA increased in Duke's stages C and D, but not in
A or B compared to healthy controls.'® In contrast, we
showed that HNP' -3 concentrations in CRC patiems at
Duke’s stage A were higher than those seen in patients with
inactive UC and healthy controls. Although FINP 1-3 con-
centrations in CRC patients at Duke's stage A seem to be
similar between our study and a previous study'* (100.8
+ 27.6 versus 105.4% B0.6 ng/ml., respectively), the con-
centrations in the healthy controls were different between the
2 studies (77.5 =16.5 versus 96.6 = 36.2 ng/mL). In addi-
tion, Albrethsen et al'* mentioned that in addition © Duke’s
C and D, HNP 1-3 expression in CRC tissues at Duke’s A
and B was higher than in normal tissue by SELDI Protein-
Chip. It is controversial whether the increased HNP 1-3 in
tumors is localized to cancer cells or o neutrophilic leuko-
cytes. There is the possibility that the plasma HNP 1-3 levels
will increase in patients with CRC at Duke’s stage A and that
HNP 1-3 concentration is a potential marker for the assess-
ment of CRC patients with advanced disease.''# In addition,
these results indicate that HNP 1-3 levels may not be able to
distinguish between active UC and colon cancer. In the
clinical setting, however, UC can typically be distinguished
from colon cancer by various clinical features, such as diar-
rhea, fever, and colonoscopic findings. On the other hand,
colon cancer commonly occurs in patients with UC, espe-
cially those who have suffered from the disease for a long
periad of time; such colon cancers are difficult (0 detect using
colonoscopy, HNP 1-3 levels may help to signal the oceur-
rence of colon cancer in UC patients when high concentra-
tions of HNP 1-3 are detected in the absence of active colitis;
these patients should be extensively examined, including total
colonoscopy and random biopsies.

In conclusion, we used SELDI-TOF/MS to perform
serum protein profiling and determined that HNP 1-3 levels
increase in patients with active-phase of UC. We also con-
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