L7z ek, Wi, s iih 0)%”"“‘”’%{7)*‘?‘*’-‘[%
ML E N, BB Em o T, &hE
PSS EIEREEL T k7’)=T%Z.> LEL
7z

(5) UNEY roWEE

PeH UM, RIOMEREICHEY LIS,
FsoEHEICHE L 2561 ,%’/E‘) ke
\Z5% L’LUEM? L, eSS ek L &

R Hb A8 10 g/dL Bl iceE LT b,

«@@Miﬂb&mot

REtE, BARMAMERTE LI EE L
7L, 4 REOWIEE S > THREHBORE

SEHLE A - A U o o A SRR o0
Huttf‘ %#i RE D W TR SEH
0)% J R RIE L

3. ERZE - %‘ﬁ*IE B & UERE
1) HCV B~ — 1 —
Genotype {Z 2Tk, 45
f? RT-PCR#EIZ LD H L7
I, G, o‘x~f 2,4,12,24 W H,
4, 12,24 WD, ER M)

BROR BT DR IMLT &
HCV RNA &l 5
T %

\27 > 7)) a7 HCV

Eoy =LY, BEHNIET T a7
HCV I &N f}"ifiﬁbf‘ TNTOWELZZEL
f V=T )V 'juf /LLfC.

2) ALT (alanine ammotransferase)

WHE Mg L L TALT 2 v, &5
Wi, 1,2,3,4,8,12,16,20, 24 3, F5E TR
4,8,12, 24 JIZFR L, =Ly — v —1bic
T L7

3) FRHE
EmEE, FRiEkE, ~NEravry, Av b
o b, HAREE, BnEka ), SESRMLER R

AST, y -GTP, ALP, 1LDH, &Yy ¥y #
oy, FILNT Iy, 7LVLTFFZ v, REE
BUN, zefgisifusi HbAIC, I L A5 — b,

CRP, y-Z7ur7yy krrarighzLio
ALT &8 U EICMlsE Lz, S 602, HURIREE

fefadt L LC, TSH, FT3, FT4, TRAb, TPOAb

¥ S0 %45-2,4,12,24 A, 5% J’1/\4 8,
12,24 SBIZGERE L 7o, 70, WHILBWTE, B
650 JiigiIaE S

— 241 —

52 %475 -

@m $05-2,4,12,24 4, 5471 4,8,12,24
IR 2 1T o 7.
4) WHREAR DFLY

Yo 5 BRAE BT IS S S L 7o A R o IR AR AR R
DWW Fi i L7s (Fessd I wike
WElE - s v & — B I EIERED)

5) ;FL( 133'1'/’ ]L

(n SRiEE L 7= il

i, HERRRED 0,
FERE AN

{

l

X
Pri%% Hekl =854 'fﬂ';‘
L7z, B 5, BEmike & U5 a,
WAL «l}\@ ?ﬁi’ FEBoResr L7z, GBI M
i, BEILIIL, BHEICL o TS ﬂf: r?‘&‘f{ﬁ
T HRE L'DwThE&fMN¢Mf”L ANV
TRBEANRIZ DV TOBEE - 5TIE2{T- f;.
4. B - RO
1) A AR
HCV RNA Hfi b [# 5- WA T 24 8 1%
o i HCV RNA S A5 DUF, SVR] %
BRIl H & U7z Bk, HCVRNA OD%’E
BT R A BT BEERB YL O A ik F i
Fro F 70, BRI OWTIE, BT *':Ioi
UM 53T He 24 M E RS2 BT S ALT EH Lo
e BRI L7z
2) Ze&VEEME
HELMEMAS. FG bB L O a g
Bl A UC, Meh S ) BEER - sy
W (BRBAME S 2 &) ofae gL
5. iREHEEM
A AT O3
Analysis Set; FAS) % ):H Wiz BEY
1, %R T — # 13 Fisher O H
FOHRETFT—- B LUGERET- 7
Wilcoxon-Mann Whitney test 3 i ¥4 % # 5 L
o RREBEMOA RN Laeto i,
Fisher @ H ik %, & % 1L Extended Mantel
Haenszel test a:}ﬂbvi. F 7o, FEFHIEE H (SVR)
R 52 HINT, HENEIRGH TR A
NV ATBREFOBEEIIIT Y AT 4 v 7 BUESHT
7z A EOKEERW 5% & L7

i/.

. HE KT 5

HRE (Full
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2002 "T 9 H 5 2004457

6

LI

[ AR BE 44 i, GERTIT AT A
JA Al A R AL AR M OKE]
[ v AR SRR A P& B AL
HEERKEM B KE TR 5 — THAL IR L ESR
i EI% ﬂ }\ Mﬂ?’ Jm IJ/L 5= NE HIE BEE
-3 b B—PE WEZHE Y
NG R A S B S A TR N K i AL 2N E g 18k
B A BILFEAEEE S
FEOMRRE RIE - 9k ek S22 REH il
AR NF Pl g%
utr, EPIS Im THALEER Bk
i AR W
4 ; TR YL SR RE AR K% Bk
Hﬂ?]l” ST /\f‘ﬁlm THALEER N

}\'J J’IIIyTj E’;JV‘] i;l/L

TR
I 571 IR I
7"\' T R

] 37 978 PR A
kU)( 97 SRR
PSR EE - B ST IR IR B
TG B2 23R B ] 1 W B
}(Lﬁ ﬂﬂ)\ ¥ IJI’JI:

KPR 5 —

=P
HALEP R

TN
WH e

LG REM 42
liikla=2s I aEge
HALZENEL HE RIE
*'*V R TR R

Pl - HALE > & — IR
(MLZ&H HOETE YN

HAe 5

R=
ffdbib\ﬁi 6l 459
i FKOIRL7Z 20 /igk DM IID D k.

T CERB S L

O 1A 4G B GG T O KRR R4 C U MR s
1077 /mmd K& e oz lo 0Bl L, %
A E B R o B S B S 7o s LR

PEG/R i : 64 1, IFN/REE A 62 B & 72 o 72
wE e G L 7o dE B b, PEG/R T 15 #,
H‘N/R ﬁ D 12 BB BREEFN G- R 2 fe 5

k&7

HIRER OB G HET L7z o PEG/

Bl dh 7o T, %‘ijﬁﬁ&c:ﬁh‘&ifﬂ%ﬁw Ri’f?F-I491/lJ (76.6%). IFN/R# : 50 %] (80.6%)
0)/%’<~”75:f:53"7*0)% HERB NI DWW CHER Thol, LB, FEBHICM L3 ikid, Hb/
B@ IHEIC X BME A R IR I LR N B/ W Bk Fom 4 (PEG/R B 03 1,
i%?’rawzyﬁﬁwﬁi%@xd%w L7z, &S ORE IFN/R#: 480, AESEg (BOE, AR,
214 Bl BEIS LA, Ay ) —= v Fio BT FEEL WEMEIR, W, SEE, & ) (PEG/R B
B BT SIRAARICAGH, WA, FERSZO 10 1&0, IFN/R¥ 500 Ol 2B TH- 7. F

AN =y TRSE T, 28— = NERE O DAWOIHE LT, /"ﬂmf%‘mf (PEG/
i &y 87 Pdibr g4t & 20y, EERAL S RE#E 16, IFN/REE - 241), B X OHBERSEEY.
NIWEBBABIZ 12T TH -T2, F0HH05 T B oS B B R e b &)Zw B3
PEGIFNg -2b + Yy > (LUF, PEG/R) # Ne—+F—OTRIZ L Y, PEG/R# 1M,
12644, IFNq -2b + 1) 251 > (LUF, IFN/R) IEN/R &t L flasialab & e o720 B, HH)
RIS 63 BIDSEI Y AT Sz AL, IFN/R B PO IR T G LT FAS & Lf: 7]‘, wEREE DY E

FFRERE 52 %45 - 2006 454 1 651
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wE (1)

HE I PEG/R#: (n=63) [ IFN/R¥ (n = 61) | #R5EHE
% 40 63.5% 37 60.7%
1 3 P = 0.853
e 23 36.5% 24 39.3%
I 49.37 43.62
e P = 0.747
N Rl 10.58 11.65
G G —
65 LA 59 93.7% 55 90.2%
- P = 0.526
65 i bl 1 4 6.3% 6 9.8%
I fE 65.15 64.99
B P = 0.685
MR 13.13 10.71
RE (kg) 40 kg #8 60 kg LL'F 26 41.3% 20 32.8%
60 kg #4 80 kg LI'F 26 41.3% 39 63.9% P = 0.887
80 kg #4 100 kg DLV 11 17.5% 2 3.3%
L 4 6.3% 8 13.1%
B PBERE O A7 JE P = 0237
HhH 59 93.7% 53 86.9%
o KB H 49 77.8% 48 78.7%
A2 H =7 20 B — P = 0.902
WL 14 22.2% 13 19.7%
no fibrosis 0 0.0% 0 0.0%
mild fibrosis 26 41.3% 25 41.0%
o moderate fibrosis 26 41.3% 30 49.2%
ek (EIRS4E) staging P = 0.643
severe fibrosis 9 14.3% 5 8.2%
cirhosis 1 1.6% 0 0.0%
FLRAHE 1 1.6% 1 1.6%
None 0 0.0% 0 0.0%
Minimal chronic hapatitis | 9 14.3% 11 18.0%
) o Mild chronic hapatitis 18 28.6% 16 26.2%
FreEts (EF548E) grading P = 0.707
Moderate chronic hepatitis | 31 49.2% 30 49.2%
Severe chronic hapatitis 4 6.3% 3 4.9%
A E 1 1.6% 1 1.6%
la 0 0.0% 0 0.0%
1b 5 7.9% 4 6.6%
HCV-Genotype 2a 34 54.0% 38 62.3% P = 0.584
2b 24 38.1% 18 29.5%
AT * 0 0.0% 1 1.6%
652 FFARRE 52 4% - 2006 £ 4 B
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£7 BEBER Q)
HE HIH PEG/REf (n=63) | IFN/R ¥ (n = 61) | #EHE
I E 366.96 451.36
e P = 0.154
iR 317.95 311.46
100 it 20 317% |13 21.3%
HCV-RNAGERE (KIU/mL) 7000 00 sk 12 19.0% |9 14.8%
[RT-PCR i#]
300 1 L 500 it 10 159% | 12 19.7% | P = 0.193
500 LI 850 i 8 12.7% 15 24.6%
850 L k- 13 20.6% | 12 19.7%
P 118.73 121.82
P = 0.874
PR 7S 71.49 81.81
45 BUF 5 7.9% 11 18.0%
L ALT (TIU/L) -
46 BLI 100 i 26 413% |16 26.2%
: P = 0.991
100 B_E 200 il 26 413% |27 44.3%
200 Lt 6 95% |77 11.5%
5% 8 Genotype Bil v 1 )V A GBI Wk
Genotype PEG/R IFN/R B kg
1% A v A 1b 4/5 (80%) 4/5 (80%) * P=1
2a 11712 (91.7%) 8/8 (100%) P=1
2b 2/3 (66.7%) — —
A L AEE 2a 20/22 (90.9%) 20/30 (66.7%) P = 0.051
2h 18/21 (85.7%) 15/18 (83.3%) P=1
& — 55/63 (87.3%) 47/61 (77.0%) P = 0.208

* genotype 1b + 2a & & &
fHF s 8as o T, PEG/R B CILEH %
FRET SR A3 - S 7z 161, IFN/REE TR
VN v a5 P BB AGTI O Hb Atk

HEEZHB L2 1% Bk, PEG/R B @ 63 f3l,
IEN/RT¥ D 61 B CHEFFRILEB LUEDMTED
st vﬁ/)f

2) BHEROLK

PEG/R %ﬂ; D63 %1, IFN/R #F : 61 Bl

BRTIDRL WL L1 60% BT, *F
BRI 49 5, (KBS 65 kg Th - 7.
IEN GBS T, RiGBGIA 97 B, BEHH 6

A2 B & K80 % (L IFN RGBT d » 7o

JFFREREE 52 %

=)
4 Fy

Genotype 5l @ 43 4ji 1 IFN/R ¥ @ genotype 1b +
2a IREH % genotype 1 DEEBIE LTH YIS &
genotype 1b %% & 10 ##]. genotype 2a #° 72 %1,
genotype 2b A% 42 B & 72 - 7z, 2 BRI FEW 43 A
DY ERD LN o7

2. B

1) 4V AR RE

(1) YD GE, z‘o‘ X OF genotype 7 -

v A g SVR 2
FAS BT IZ B Tid, HIEEARRE (Rillx &4

7 A

A EICEDTER L. 2 OH4 o HCVRNA
Frft B 1L (SVR) # 12, PEG/R B 873 %
- 2006 4 4 H 653
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%9 L%&%

Ll*f “ & D HCV-RNA ##ihet1t

— PEG/RE* | IPN/RE* |
jb, . b . : M_Ht t
, ot JC S : < (n =63) Sii{n =6 Rt
eyl 5 38/40 32/37
= (0417
£ 17/23 15/24 P=04
Va0 “‘ “' L\‘,J; =
£ (7 65 J%i )‘ . 1/4 5/6 P = 0167
65 i 54/59 42/55
RE (kg) 40kg # 60 kg LI F 20/26 12/20
60 kg #8 80 kg LLT 25/26 33/39 P = 0.079
80 kg 8 100 kg LL'F 10/11 2/2
4 ¥ —7 1 IREE ey 43/49 39/48 P = 0.133
BE il 12/14 8/12 ’
no fibrosis 0/0 0/0
mild fibrosis 23/26 21/25
Breedg (ERSS38) moderate fibrosis 22/26 23/30 P = 0.199
staging severe fibrosis 8/9 3/5 '
cirrhosis 1/1 0/0
ﬁ'fL 154‘{1% 1/1 0/1
None 0/0 0/0
Minimal chronic hepatitis 9/9 9/11
e (JER ) Mild chronic hepatitis 16/18 13/16 P = 0.120
grading Moderate chronic hepatitis 25/31 22/30 ’
Severe chronic hepatitis 4/4 3/3
FACANHE 1/1 0/1
100 i 17/20 12/13
HCV-RNA 784 100 LAk 300 ki 11/12 9/9
(KIU/mL) 300 LI L 500 i 9/10 8/12 P = 0.267
[RT-PCR i#] 500 Bk 850 i 7/8 9/15
850 Bl 1= 11/13 9/12
WY ALT (1071 45 LY 5/5 7/11
46 L1 100 i 22/26 14/16 P = 0.186
100 L 200 ki 23/26 20/27 ’
200 LL I 5/6 6/7

M-H test ! Extended Mantel- Haenszel test
4T SVR B, B R

(55/63), IFN/R¥E:77.0% (47/61) TH o 7-.

SVR FRIAZ B VT 5 BEH O 72 D 95 % i 7 45 TH X 4]
13-31~236%THY, FBEXEOTRATHE
FIERAE (-A=—-15%) 2 KE LM-TH
" PEG/RTED IFN/R #1259 5 FEH ARG S
7. F 7, genotype Hll - 7 AV ARBIIZ 2 EE

654 TR R
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52 % 47 -

Ml SVRE % LR LT 8 IR L7 Pl
BTHBELIZ RS -72h%, genotype 2 20
T AN AREOIIBIT A SVREE, PEG/REET

90.9% 12 4F L T IFN/R 8514 66.7% & DA B 41
7z, 72721, T SVREFDFEL IFN/R BHOHE
BB A 6 4l & PEG/REED 2 BlIC~_T%h -

2006 4% 4 J]



80+
ﬁ 60 : T 1FN a -2b+Ribavirin
# A ~@— : PEG-IFN g -2b+Ribavirin
4
£ 40}
@) L
T
20t
O T T H T T H
0 12 24 BERTE 12 24 ’Eﬁ?%’f‘?ﬂ%
| | |
135 AR IR (3E) EBERE AR
B2 #H5UHEB X UReBEMEYE oY 1L 2B
F 10 AV AT R S
PEG/R % * IFN/R #f **
WER | Pl A —— -
e T % i
24 PPV 28/31 90.3% 35/38 92.1%
NPV 5/32 15.6% 5/17 29.4%
438 PPV 49/53 92.5% 41/46 89.1%
NPV 3/9 33.3% 3/9 33.3%
1238 PPV 52/53 94.5% 45/52 5%
NPV 1/1 100% 1/1 100
24 PPV 44/48 91.7% 44/51 86.3%
NPV - /0 — - /0 —
*H”%md%.ﬂ%&wa
*PEATE 6B, PEAL 16
FoZ PR LTE Y, TDF:—WNWZ?% (3) A W AREHALIFH B A B
BERAR A a1 4’4‘&7& WosNhhol. G M L OB B T 5 HCV
(2) &5 SYR = RNA O RBFEEME A 2 123K L7,
Genotype ’S:VT BT EINIC X BB SVR T, 2 AL IFN g -2b 6 MIU %38
AR FRIIIR Uz IFNGHRERN T § 4 & L7720, ZoliZs it 5 HCVRNA M
IFN & # F T SYR 2k PEG/R ¥ T 87.8% ARG IFN/REIZB W TR RERTH - /2.
(43/49), IFN/R#:T81.3% (39/48), IFN ik » L, PEG—IFN a -2b DI EEOEFEIIZE D
FEIZ BV T PEG/R B 85.7% (12/14), IFN/ w;c'“ 54 E iom‘za 7 AV A BRI R
REE66.7% (8/12) L HEZUIRO SN LD -7z TITREE & C 24 S RIZ BV T,

LMD EZEEFIZONT

j:m.y)!’)jlf 7]”) 71.

Fe Bl
PEG/R #5 & UF IFN/R & ) SVR

1A

PP

KoL Th,

=8 7:& 7,'r:

52 % 47 -

PEG/R BB X U IFN/R & & 47" HCV RNA
7 A b AREPEREHNNS
AN AEAHEO FMET R I0 IR L.

et &

T o T,

2006 42 4 A
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*IFN a -2b+Ribavirin
[2]: PEG-IFN a -2b+Ribavirin

100% 100%  100%

(%) (8/8) (6/5)  (11/11)

100+ 87:5% 88.5% =

(21/24)(23/26)

90T 73.3%

80 (11/15)

70

60

50

40

30

20

10

HEETSEs L IFNE JINE k= ik
BREECSRE HEFLERE BEESEE
B3 5l B 5 REEER OMLE R0 SVR #
F 11 EFEOLERY & HCV-RNA FHSE M
s PEG/R # IFN/R %
R AR ek A - AR 5k

P BA~ 1% 2 MU 3/3 | 100% | 0/0 — 7/7 | 100% | 0/2 0.0%
- 2 WA~ 4 AN 3/3 | 100% | 0/1 0.0% 4/5 | 80.0% | 0/1 0.0%
4. 4 WU~ 5 8 ALK 4/4 | 100% | 2/3 | 667% | 5/6 | 833% | 2/4 | 50.0%
Fe i1 8 WA~ 125 12 2L 7/8 | 875% | 1/2 | 500% | 1/2 | 500% | 0/1 0.0%
5 12 MU~ 24 B | 4/4 | 100% | 8/9 | 889% | 5/6 | 833% | 2/3 | 66.7%
it 21/22 | 95.5% | 11/15 | 73.3% | 22/26 | 84.6% | 4/11 | 364%
PPV (5E OB 55C HCV RNA HSBE ML L 7= 1 o 72h%, HCVRNAD 128 F Tzt L %

PSSVR & 7 BFEH) B XU NPV (TEDEHT
HCV RNA #5829, SVR%ETSVR & 7%
5 2 i "&‘) FHATHEDHEOTMEITH &, &
HoMH T, PEG/R#EEB L UIFN/R#EE L b
PPV i90% Bz BH, NPVAH15.6%DH 5\
29.4% & NPV DEEIE A9 TdHh - 72,
HEHIZB S PPVIETHEE $ 12
NPV & Wi ¢ 33.3% 12 LA
BT S PPV IIZ

SN

%54
190%%?{&1’5’1/

LT bl

{2 909% T NPV & 100% &1

656 Wi 52 %4

— 247 —

4 7% - 2006 4

WIEFHIEEL T 1lE v 2 & T,
HET LI E L CHETEL L%
7.
(4) HEBEEHIEE - ko
BEREER O MLE DA MERII SVR T E MG L /-
“lu?F P3RS A OB - IR
- Pk OALE T B S o THRERII BT B
SVR =k, PEG/R#: T 885% (23/26), IEN/R
BT 87.5% (21/23) LHEZEL NG o7,

NPV %
7 5H

4 ]



#£12 +7FH R SVR #
PEG/R?¥ . IPNRE

, ;%%g;ﬂw4'<mw Yar";;%% zam;<$wa B

| T e

Riba | =95% | 26/29 | 8/8 - 34/37 | 24/27 | 8/11 - 32/38
it (90%) | (100%) 92%) | (89%) | (73%) (84%)
ol 2s0% | 45 | /11 | 23 | 17719 | 4/5 9/9 - 13/14

A

= -<95% | (80%) | (100%) | (67%) | (89%) | (80%) | (100%) (93%)
<50% | - 1/1 3/6 4/7 - 0/1 2/8 2/9
(100%) | (50%) | (57%) (0%) (25%) | (33%)

= 30/34 | 20/20 | 5/9 | 55/63 | 28/32 | 17/21 | 2/8 | 47/61
(88%) | (100%) | (56%) | (87%) | (88%) | (81%) | (25%) | (77%)

13 SVRIZHET HEHD

’Fﬁa“] (LOgISth [} 4347 )
B Oddsit | PME

% (B—%)

0.213 (0.058-0. 781) 0.0197

HCV RNA = (< 300/-499/-848/ > 850)

0.430 (0.2350-0.785) 0.0060

FnBkEk (5000 Sii— 5000 LBL.k)

4.903 (1.180-20.367) 0.0287

/AR (16 Fki— 16 Ll L)

7.211 (1.623-32.035) 0.0094

IFN S E (%)

0.208 (0.041-1.047) 0.0568

IFN #AIHSEIE (12 880 E— 128556 | 0.029 (0.006-0.154) | < 0.0001

PEG/R?}T i PEGIFNa-ZbEf?)%\/\bi‘)/\L

%Pof_ﬁ‘ IFN/RHT iIFNa -2b H BT ‘}/\
VY OFEI L D SYRENRRLRE T LT\
if’ WMH OG22 I L Th, PEG/R?”?O)
L 733% (11/15) &b T T

iotﬁ‘ IFN/R 8Tl 34.6% (4/11) SE

T LTwi IFN/R B TGRSR O inm z
L0 SVRFBPETEMICH 722 Lh b, BE -
REEASLTE L 7 o 7= SR SVR B A Mt L&
1LICAR U7z, IRN/RBECIE RS- 28 H DU 2 i a
EPVE L 7 - 72 FEHICO SVR %% PEG/R B
WHARTRRET LT, FLCERILIID, &
SRR SVR 2R L7275, WL
SRR 4 BRI S & Pk L2 IER A 5 SVR
ER o ESNIRD NG o7, BB, b

FRAORE 52%4 % -

¥ 5 4 BRI G % ik L 72, PEG/R
o 14, IFN/REO 1A TIIHEESRTEIC
HCV RNA 234 L T e,

W2, BRBEEEASSVR HIZH 2 58 % Mal L
70 (1), EIETO Fa— B D IcIREAST
RRTHoIERN T BEED BRI LR L,
IREERA5 % 50% ki & U7z IRIEEZ HHN
MEtLCh, 2BEMO SVREBICHEEAZED S
Nhhoi=ht, MfEE L IFN #5H 5\ i3y N

CY  ORREERH 50% KIS T 5 5 & B
75’ 50% L I T&H o 7EFNI T SVR ZIZH S

PIZIET LT/ 727280, |&TF @Iﬂf*“ (& IFN/
RETKED o7, WHOESHIITES (95%
PlB) CERSNEMN, ML S 3FTYA
v A BERNERS & e o TERIATEAL L. 6 B
5 BN, WY genotype 2 DIEBITH -

2006 -4 H 657
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# 14 Genotype 2 JEFI COFMRIER (Logistic [BIJF4#i)

R 3T Odds 1t P{#

% (B—20 > 999.999 (3.346- > 999) | 0.0240

Fstage (FO-1— F2-4) 0.048 (0.002-0.906) 0.0428

HCV RNA # (< 300/-499/-848/ > 850) 6.383 (1.237-32.007) 0.0242

T EREL (200 A~ 2000 BA L) 0.023 (< 0.001-0.751) | 0.0340

1) SERE (2000 S~ 2000 DL 0.100 (0.007-1.459) 0.0923

IFN 8 (O~ 14.013 (0.831-236.379) | 0.0671

VN U RE (F ) 0.012 (< 0.001-0.824) | 0.0404
7o 4PITCIE HCYRNAD 4B H £ Tz L L IFN #HI 500 (1280 1, &), v/.3vgy
THEY, BIANVARTH- 2 1 HoBEHELE RS (80% VAL, SR, IFN S AREESE (80%

24 MHEHTdh -7z, F5H D 1H80E genotype 1/ ik
AW AEOFEFT, 58y 100 A5k
L7228 # 1 1% M*}I I AN A DB S N
CNBIEFITIRE < DS PETHRE b 60 kg il T
Hotzb v DAL I ERIERS S hTn
v, HBRISIORS 0Dy, S3EH) & LIRS
M7 2= v 80%LL 1, R AY 80% LA
LOEMIZBIT A SVRE% L4 5 &, PEG/R
BETI2 92% (35/38). IFN/R BElX 87% (39/45)
t}w%:tcﬁ‘o ATy IR A B ( B/ 2b /N 80%%&‘2?11‘5}&
o5 TWIIEBNIZ BT S SVR %1k, PEG/R#ET

O% (20/25) 12x) LT IFN/R#ETIL 50% (3/16)
LA E (P o= 0.095:Fisher) % Wi oD
PEG/R HETCR % SVR HAE { > TWi.

2) SVR IR % 28R

SVRIZEE A 52 2 BHEH AR L. B
e LUCid, 58 (PEG/RIFN/R), . i
(65 el I, ki), 1KIE (60kg BLE, Ris),
IFN i #EBE (SRIG L BLIGJE), Stage (FO-1,
F2-4), Grade (A0-2,A34), Genotype (1,2), 7
A4V A & (300 KIU/mL 3k #5, 300 ~ 500 KIU/
mL i, 500 ~ 850 KIU/mL &, 850 KIU/mL
4, ALT (100 TU/L BLE, i) . WBC (5,000/
mm? LL b, SRE), PR ERE (2,000/mm® BLE,
Aeil) , /RS (16 73 /mm® BL L, i), Hb (14
MLu *m)‘w\tﬁ/& @fm IFN

658 [iEgiENES

— 249 —

52 %475

Lk, ki) & L7z Stepwise 12 £ # % @R L
7= O %% 5 Logistic R TIC L 2845 &
BIR L7z, RHEB & U genotype 134 2 2 4l
VT EEBEIRS N o, b KE BB
R IFN #al G0 chd b, Fofliz HCV
RNA &, /bR, %, HmEkEssnrl-rF &
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D7z, genotype 2 DHEHI TS &7 1 IV AEDIE
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Fucosylated haptoglobin is a novel marker for pancreatic cancer: A detailed
analysis of the oligosaccharide structure and a possible mechanism for fucosylation
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Changes in oligosaccharide structures have been reported in certain
types of malignant transformations and, thus, could be used for
tumor markers in certain types of cancer. In the case of pancreatic
cancer cell lines, a variety of fucosylated proteins are secreted into
their conditioned media. To identify fucosylated proteins in the
serum of patients with pancreatic cancer, we performed western
blot analyses using Aleuria Aurantica Lectin (AAL), which is spe-
cific for fucosylated structures. An ~40 kD protein was found to be
highly fucosylated in pancreatic cancer and an N-terminal analysis
revealed that it was the p chain of haptoglobin. While the appear-
ance of fucosylated haptoglobin has been reported in other dis-
eases such as hepatocellular carcinoma, liver cirrhosis, gastric
cancer and colon cancer, the incidence was significantly higher in
the case of pancreatic cancer. Fucosylated haptoglobin was ob-
served more frequently at the advanced stage of pancreatic can-
cer and disappeared after an operation. A mass spectrometry
analysis of haptoglobin purified from the serum of patients with
pancreatic cancer and the medium from a pancreatic cancer cell
line, PSN-1, showed that the o 1-3/a 1-4/ot 1-6 fucosylation of hap-
toglobin was increased in pancreatic cancer. When a hepatoma
cell line, Hep3B, was cultured with the conditioned media from pan-
creatic cancer cells, haptoglobin secretion was dramatically
increased. These findings suggest that fucosylated haptoglobin could
serve as a novel marker for pancreatic cancer. Two possibilities
were considered in terms of the fucosylation of haptoglobin. One is
that pancreatic cancer cells, themselves, produce fucosylated hapto-
globin; the other is that pancreatic cancer produces a factor, which
induces the production of fucosylated haptoglobin in the liver.

© 2005 Wiley-Liss, Inc.

Key words: haptoglobin; pancreatic cancer; fucosylation; tumor marker;
mass spectrometry; oligosaccharide; lectin; fucosyltransferase

Pancreatic cancer is currently one of the leading causes of can-
cer-related deaths and the overall 5-year survival has been reported
to be less than 5%."* One of the reasons for its poor prognosis is
that an early diagnosis is quite difficult and a high-risk population
for pancreatic cancer has not yet been identified. Carbohydrate
Antigen 19-9 (CA19-9) and carcinoembrionic antigen (CEA) are
commonly used as markers of pancreatic cancer, but false positives
are a problem in the diagnosis.® To increase the specificity of a
diagnosis, a combination of tumor markers would be desirable. To
this end, novel markers for pancreatic cancer, which have different
characteristics from those of CA19-9 or CEA, are required. Oligo-
saccharides are known to be one of the most important post-transla-
tional modifications, and many studies have shown that changes in
oligosaccharide structures occur during inflammation and tumori-
genesis.* This oligosaccharide heterogeneity has been applied to
tumor markers for the differential diagnosis for Hepatocellular Car-
cinoma (HCC). Alpha-fetoprotein (AFP), a well-known tumor
marker for HCC, contains 1 asparagine-linked oligosaccharide.’
However, serum levels of AFP also increase in certain patients with
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chronic hepatitis and liver cirrhosis. a 1-6 fucosylated AFP
(AFP-L3 fraction) has been applied to the clinical diagnosis of
HCC. o 1-6 fucosylated AFP, which is produced via o 1-6 fuco-
syltransferase (FUTS), is specifically found in the serum of
patients with HCC and can be diagnosed by measuring the Lentil
Lectin-(LLCA) binding portion of AFP.%” Moreover, AFP-L3 has
been reported as a marker for a poor prognosis of HCC.® Changes
in fucosylation patterns, as the result of different levels of expres-
sion for various fucosyltransferases, have been reported in certain
diseases including various types of cancers.”™!?

To identify potentially novel tumor markers of pancreatic cancer,
we conducted a search for fucosylated proteins that are increased in
the serum of patients with pancreatic cancer. The findings showed
that the haptoglobin B chain was highly fucosylated and the oligo-
saccharide structures of haptoglobin purified from the serum of
patients with pancreatic cancer were examined in detail. Further-
more, we investigated the mechanisms associated with the in-
creased levels of fucosylated haptoglobin in pancreatic cancer.

Material and methods
Serum samples

Serum samples of patients with pancreatic cancer (n = 49, male
31, female 18, mean age 62 years), HCC (n = 23, male 17, female
6, mean age 69 years), liver cirthosis (n = 12, male 9, female 3,
mean age 63 years), gastric cancer (n = 10, male 5, female 5,
Tiedn age 59 years) and colon cancer (n = 17, male 10, female™7,
mean age 61 years) were obtained from Osaka National Hospital,
Osaka University Hospital and Osaka Medical Center for Cancer
and CVD. The present project was approved by the ethics commit-
tees of the participating hospitals. Serum samples of healthy vol-

Abbreviations: AAL, Aleuria Aurantia Lectin; AFP, a-Fetoprotein;
AOL, Aspergillus Oryzae Lectin; CA19-9, Carbohydrate Antigen 19-9;
CBB, Coomassie Brilliant Blue; CEA, Carcinoembrionic Antigen; ConA,
Concanavalin A; FUTS, o 1-6 Fucosyltransferase; HCC, Hepatocellular
Carcinoma; LC-ESI-MS, Liquid Chromatography-Electrospray Ionization
Mass Spectrometry; LCA, Lentil Lectini MALDI-TOF-MS. Matrix as-
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PBS, Phosphate Buffered Saline; TBS, Tris-Buffered Saline.
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unteers (n = 30, male 16, female 14, mean age 34 years) were
obtained in our laboratory.

Cell culture

Human pancreatic carcinoma cell lines (PK8, PANC-1, PSN-1,
KMP4, KLM-1 and MIAPaCa2) and a human hepatoma cell line,
Hep3B, were grown in RPMI-1640 (Nacalai Tesq, Kyoto, Japan)
supplemented with 10% fetal bovine serum (FBS), 50 U/ml penicillin
and 100 pg/ml kanamycin at 37°C in 5% CO,. These cell lines were
obtained from the ATCC (American Type Culture Collection), or the
Institute of Development, Aging and Cancer, Tohoku University.

Identification of fucosylated proteins in the serum of patients
with pancreatic cancer

A 0.5 pl aliquot of serum proteins from patients with pancreatic
cancer and normal controls were electrophoresed on 8% polyacryl-
amide gels in duplicate. One gel was used for the aleuria aurantica
lectin (AAL) blot analys:s whxch preferentially recognized o 1-3/
o 1-6 fucosylated proteins.'® The other was stained thh Coomassie
Brilliant Blue (CBB) after transferring onto a PVDF membrane. All
procedure of AAL lectin blot analyses was described previously.'
Bands strongly stained with AAL were subjected to N-terminal
amino-acid sequence.

Western blot analysis of haptoglobin and immunoprecipitation

A 0.5 pl aliquot of serum was electrophoresed on an 8% poly-
acrylamide gel and transferred onto a nitrocellulose membrane
(Schieicher & Schuell, Dassel, Germany). The membranes were
incubated with 5% skim milk in phosphate buffered saline (PBS)
overnight and then incubated with 1/1,000 diluted anti human hap-
toglobin antibody (Dako Cytomation Kyoto, Japan) for 2 hr. After
washing 3 times with Tris-buffered saline-T (TBS) (136 mM
NaCl, 2.6 mM KCl, 24 mM Triis, 0.05% Tween 20, pH 7.4) for
10 min each, the membrane was incubated with peroxidase-conju-
gated rabbit IgG for 1 hr. After washing the membrane 3 times
with TBS-T for 10 min each, development was performed using
an ECL™ Western Blotting Detection Reagents (Amersham Bio-
sciences, Uppsala, Sweden) according to standard protocolq The
same membrane was used in an AAL lectin blot analysis.'* In
all AAL lectin blotting experiments, 1 pair of a negative control
(a healthy control) and a positive control (a case of pancreatic can-
cer) was used in the same gel. For the immunoprecipitation of hap-
toglobin, 5 ul samples of serum from patients with pancreatic can-
cer and from controls were used. Serum samples were preincubated
with normal rabbit serum and proteinG-sepahrose (Amersham Bio-
science) followed by incubation with anti-human haptoglobin anti-
body for 2. hr. Immunoprecipitaed haptoglobin- was- analyzed by
AAL lectin blot, as described earlier.

Purification of the haptoglobin f chain

To purify the haptoglobin B chain, 80 ul of sera in which albu-
min was depleted by a Montage Albumin Deplete kit (Millipore
Corp.) or 2.5 ml of 100-fold concentrated conditioned media from
PSN-1 cells were applied to an anti-haptoglobin affinity column that
was coupled with 300 pl of anti human haptoglobin antibody,
according to standard protocols of HiTrap NHS-activated HP
(Amersham Biosciences). The haptoglobin bound to the column
was eluted with 5 ml of elution buffer (100 mM Glycine, 0.5 M
NaCl, pH 3.0). Thirty microliters of 50-fold concentrated fraction
was subjected to SDS-PAGE under reducing conditions and stained
with CBB or blotted onto a nitrocellulose membrane followed

by 1ect1n blot analyses using AAL or aspergillus oryzae lectin
(AOL).P

Mass spectrometry

* Mass spectrometry was used to identify the structure of the oli-
gosaccharide in haptoglobins. The gels that contained purified
haploglobln were cut into smaller sizes and collected in a 1.5-ml
microtube. To remove CBB, 50 mM NH,HCO- (SIGMA, Tokyo
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Japan) in 30% acetonitrile (MERCK, Darmstadt Germany) was
added, followed by washing at room temperature for 20 min using
Bio shaker (TAITEC). The samples were then added with 300 pl
of acetonitrile and incubated at room temperature for 10 min.
After removing the extra acetonitrile, a reduction solution consist-
ing of 10 mM DTT, 10 mM EDTA and 50 mM NH,HCO; was
added, followed by incubation at 65°C for 60 min. Samples were
then alkylated in a solution consisting of 40 mM idoacetamide,
10 mM EDTA and 50 mM NH4HCO; in the dark for 30 min. After
washing twice with 50 mM NH;HCO; for 10 min, an additional
300 upl of acetonitrile was added and the sample was then incu-
bated at room temperature for 10 min. For trypsin digestion, the
samples were incubated at 37°C overnight with 0.5 pg of sequenc-
ing grade-modified trypsin (Promega, Madison, WI USA) in
50 mM NHHCO;. After the gels were removed, the sample was
concentrated and taken to dryness with a Speed Vac (CENTRIFU-
GAL EVAPORATOR CVE-2000, EYELA). The residues were
dissolved in 20 pl of water. A 2-ul aliquot of this solution was
used in the Mascot research. The other sample was incubated at
100°C for 10 min with 32 pl of a 20 mM phosphate solution. The
samples were then treated with N-Glycosidase F rec. [E. coli]
(Roche, USA) and incubated at 37°C overnight. After boiling at
100°C for 10 min, PA (pyndylammo) modification was performed
using a Glyco TAG™ Reagent Kit (TaKaRa, Otsu Japan), accord-
ing to the standard protocols The samples were filtered with
Sephadex LH-20 and N-glycans derived with the PA fraction were
collected. The samples were dried with a SpeeZ Vac and then dis-
solved in 100 pl of water. Liquid chromatography-electrospray
jonization mass spectrometry (LC-ESI-MS) and matrix-assisted
laser desorption ionization-time of flight-mass spectrometry
(MALDI-TOF-MS) were then performed.

RNA extraction and RT-PCR

A human hepatoma cell line (Hep3B) and human pancreatic
carcinoma cell lines (PSN-1, KLM-1, MiaPaCa-2, PK8, PK59,
PANC-1) were cultured as described earlier. Trizol (1 ml) was
added to each 10-cm dish and collected in a 2-ml microtube. After
15 min, 200 pl of chloroform was added to the samples followed,
by vortexing for 15 sec. After standing at room temperature for
10 min, the samples were centrifuged at 15,000 rpm for 15 min,
and an equal amount of 2-propanol was then added to the superna-
tant. After an additional 15 min, the samples were centrifuged at
15,000 rpm at 4°C for 15 min and the pellets were washed with
0.5 ml of 75% ethanol twice. The pellets were dried and dissolved
in 50 ul of DEPC (diethylpyrocarbonate) treated water. The con-
centration of RNAs was measured at an absorbance of 260 nm.

According to the SuperScript™(III) Reverse Transcriptase
(Invitrogen Corp. Carlsbad, CA UA) protocol, 5 pg of total RNA
was incubated with 1 pl of Oligo dT at 70°C for 10 min. The sam-
ples were incubated at 42°C for 5 min with a 1st strand cDNA syn-
thesis buffer consisting of 10 pl of 5X First Strand Buffer, 10
of dNTP Mixture, 5 pl of 0.1 M DTT and 13 ul of DEPC, at 42°C
for 50 min with 1 pl of Reverse Transcriptase, at 99°C for 5 min
and at 37°C for 20 min with 1 ul of RNaseH.

The samples served as a template DNA for 30 rounds of amplifica-
tion using the GeneAmp PCR System 2700. PCR was performed in a
standard 100 pl reaction mixture consisting of 10 wl of 10X Ex tag
Buffer, 8 ul of ANTP Mixture, 1 ul of sense and antisense primer,
0.5 pl of Ex tag (TaKaRa), 1 p] of cDNA, PCR primers for haptoglo-
bin ¢cDNA were as follow, forward primer, 5'-TTCCCTGGCAGG-
CTAAGATG-3'(position 562-581); and reverse primer, 5-GCA-
CCCATCAGCTTCAAACC-3 (position 1363-1382). Amplification was
performed at 95°C for 30 sec, at 66°C for 30 sec, at 72°C for 1 min.
Finally, an additional extension step was performed at 72°C for 10 min.
The amplified PCR products were run on a 1.5% agarose gel con-
taining 0.005% ethidium bromide. To estimate the amount of total
cDNA, glyceraldehydes-3-phosphate dehydrogenase with the same
cDNA was used as an internal control under identical conditions.
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FiGure 1 - Identification of AAL-binding proteins in serum of pan-
creatic cancer. 0.5 pl of sera was electrophresed on 8% acrylamide
gels, and stained with CBB after blotting onto a PVDF membrane. An
AAL blot analysis was performed using the same samples. An approx-
imately 40 kD protein was excised from the membrane and identified
as the haptoglobin § chain by its N-terminal amino-acid sequence. N
indicates normal controls and P indicates pancreatic cancer. Western
blot of haptoglobin in the right panel indicated the approximate posi-
tion of haptoglobin.
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FiGure 2 — Fucosylation of haptoglobin in the serum of patients
with various cancers. (@) 0.5 pl of sera was electrophresed on 8%
acrylamide gels, and western blot analyses were performed using anti
human haptoglobin antibody and AAL lectin. (b) Haptoglobin was
immunoprecipitated from the serum of patients with pancreatic cancer
and healthy controls followed by AAL lectin blot analysis.

Induction of production of fucosylated haptoglobin
in hep3B cells

A human hepatoma cell line (Hep3B) and human pancreatic
carcinoma cell lines (PSN-1, MiaPaCa-2) were grown in low glu-
cose D-MEM (Nacalai Tesq, Kyoto, Japan) supplemented with
10% FBS, 50 U/ml penicillin and 100 pg/ml kanamycin at 37°C
in 5% CO,. The cells, at sub confluent conditions in 10-cm dishes,
were washed twice with PBS and cultured in 10 ml of serum free
p-MEM. After 2 days, the media from each run were collected and
added to the other cells. After an additional incubation for 2 days,
the media were collected. The media were concentrated 100 times
and used in a western blot analysis of haptoglobin.
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TABLE I - FUCOSYLATION OF HAPTOGLOBIN IN SERUM
OF PATIENTS WITH VARIOUS DISEASES

n Negative Positive (%)
Normal 30 29 1(3)
Pancgegtic cancer” 49 20 29 (59)
HCC R 23 18 5(22)
Liver cirthosis®? 12 9 3(25)
Gastric cancer” 10 8 2(20)
Colon cancer” 17 10 7 (41)

Statistic analysis was performed according to the program for Stat-
view software.

'"Values in parentheses indicate percentages.—2p < 0.05 vs. noi-
mal-"p < 0.05 vs. pancreatic cancer (3° test).

TABLE I -~ RELATIONSHIP BETWEEN THE INCIDENCE OF FUCOSYLATED
HAPTOGLOBIN AND THE CLINICAL STAGE OF PANCREATIC CANCER

Clinical stage n Positive Negative
Stage I, 11 12 4 8
Stage HI, IV 22 15 7

p = 0.05, compared with stage 1, I and stage III, IV (x? test). Statistic
analysis was performed according to the program of Stat-view software.

Results

Haptoglobin, as a target protein for ficosylation in the serum
of patients with pancreatic cancer

A preliminary study suggested that pancreatic cancer cells pro-
duce a variety of fucosylated proteins into the condition medium.
To identify fucosylated proteins in the serum of patients with pan-
creatic cancer, AAL blot analyses were performed. The total bind-
ing of serum proteins to AAL was increased in pancreatic cancer
as compared with healthy controls. In these proteins, increases in
the fucosylation of the ~40 kD band were observed with a high
frequency in the serum of patients with pancreatic cancer. The N-
terminal amino-acid sequences revealed that the sequence was ILG-
GHLDAKG, corresponding to the haptoglobin B8 chain (Fig. 1). A
similar approach was performed in 4 cases of pancreatic cancer
and all of the fucosylated proteins of 40 kD identified were the
haptoglobin B chain (data not shown). Furthermore, a western blot
analysis of haptoglobin was performed to confirm the position of
haptoglobin molecular size (Fig. 1).

The appearance of fucosylation of haptoglobin in serum of
patients with various cancers

To evaluate the levels of fucosylation of haptoglobin in the
serum of patients with pancreatic cancer compared with fhose
of other various cancers, an AAL blot analysis was performed
(Fig. 2a). The results showed that fucosylated haptoglobin was
also increased in HCC, liver cirrhosis (date not shown), gastric
cancer and colon cancer. Interestingly, the appearance of the fuco-
sylation was not correlated with total amount of haptoglobin. The
immunoprecipitation of haptoglobin, followed by an AAL lectin
blot showed more clearly that haptoglobin was strongly fucosy-
lated in patients with pancreatic cancer. The incidence of increase
in fucosylated haptoglobin in the serum of patients with various
diseases is summarized (Table J). Appearance of fucosylated hap-
toglobin in the case of pancreatic cancer was significantly higher
compared with that of healthy controls and patients with HCC,
liver cirthosis and gastric cancer.

Relationship between fucosylation of haptoglobin and the
clinical stage in pancreatic cancer

The appearance of fucosylation in pancreatic cancer was inves-
tigated in terms of the clinical background of the subjects (Table II).
The fucosylation of haptoglobin was observed in 4/12 cases at
stage 1 and I, and 15/22 cases at stage Il and 1V, respectively,
suggesting that the incidence of haptoglobin fucosylation tended
to increase in advanced stages. Interestingly, fucosylated hapto-
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globin disappeared after an operation in 2 cases in which it was
possible to follow-up.

Analysis of oligosaccharide structures of haptoglobin by
lectin blot and mass spectrometry

To determine the oligosaccharide structures, haptoglobin was
purified from 80 w of sera of pancreatic cancer and healthy indi-
viduals. The detailed procedure is described in ‘‘Material and
methods’’. Five microliters of a 50-fold concentrated fraction was
subjected to SDS-PAGE and then stained with CBB. A major
band was detected at the expected molecular weight (Fig. 3a). To
determine the oligosaccharide structures in the purified haptoglo-
bin B chain, lectin blot analyses using AAL and AOL were per-
formed (Fig. 3b). AOL specifically interacts with core fucosyla-
tion. The results indicate that o 1-3 fucosylation as well as core
fucosylation were both increased in the haptoglobin $ chain of
pancreatic cancer patients.

Thirty microliters of 50-fold concentrated haptoglobin was sub-
jected to SDS-PAGE and the 40 kD band was excised from the
gel. This purified protein was confirmed to be the haptoglobin
B chain by MALDI-TOF mass spectrometry (data not shown). To
determine the oligosaccharide structures of haptoglobin 8 chain in
more detail, LC-ESI-MS was performed (Figs. 4a—4¢). A high
Tevel of Tucosylation was observed in the case of haptoglobin asso-
ciated with pancreatic cancer. Furthermore, biantennary chains
with disialic acid, which are considered to be the major oligosac-
charide structures, were analyzed by MS/MS. This analysis
showed that a high level of core fucosylation is associated with
pancreatic cancer {data not shown).

To determine the oligosaccharide structures of triantennary
structures with trisialic acid, MALDI-TOF-MS was performed. In
this experiment, fucose was found to be attached to the o 1-3/x
1-4 position to GlcNAc or « 1-2 position to Galactose. As the
result of the mass spectrometry analysis, core fucosylation as well
as o 1-3/a 1-4 fucosylation was confirmed to be increased in the
haptoglobin [ chain purified from serum of patients with pancre-
atic cancer (Fig. 4d).

Mechanisms responsible for the increases in
Sucosylated haptoglobin

While most haptoglobin is secreted from the liver, the expres-
sion of FUTS in a normal liver is quite low.'® Therefore, a normal
liver does not produce « 1-6 fucosylated haptoglobin. There are 2
possible mechanisms underlying the increased levels of fucosy-
lated haptoglobin in the serum of patients with pancreatic cancer.

AAL

AOL

CBB
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FiGure 3 — Purification of hapto-
globin § chain and analysis of its oli-
gosaccharide structures. (a) Hapto-
globin was purified from 80 wl of
sera with pancreatic cancer and nor-
mal individuals by using an anti-hap-
toglobin affinity column. (b) Equal
amounts of purified haptoglobin puri-
fied from normal controls (N) and
pancreatic cancer (P) were electro-
phresed on 8% polyacrylamide gels,
and stained with CBB and analyzed
by lectin blot analyses by using AAL
and AOL.

One is that pancreatic cancer cells, themselves, produce fucosy-
lated haptoglobin. To investigate this possibility, we performed a
RT-PCR analysis of haptoglobin using 6 types of pancreatic can-
cer cells (Fig. 5a). The expression of haptoglobin mRNA was
observed only in PSN-1 cells. After the purification of haptoglobin
from conditioned media of these cells, the oligosaccharide struc-
tures were analyzed. Expectedly, binding to AAL and AOL was
increased in haptoglobin purified from PSN-1 cells (Fig. 5h).
Moreover, an LC-ESI-MS analysis indicated that core fucosyla-
tion as well as the « 1-3/a 1-4 fucosylation of haptoglobin were
observed in the conditioned media of PSN-1 cells (data not
shown). The other possibility is that pancreatic cancer produces a
factor which induces the production of fucosylated haptoglobin
from the liver. To examine this hypothesis further, media from
pancreatic cancer cells such as PSN-1 and MIA PaCa-2 were
added to a hepatoma cell line, Hep3B. Increase of haptoglobin
production was observed in Hep3B cells after addition of the con-
ditioned media of these pancreatic cancer cells (Fig. 6).

Discussion

To find a novel marker for cancers, it is important to identify a
protein that is secreted exclusively from cancer cells or to identify
a specific modification of a protein that is produced by cancer
cells. The best way for the former analysis would be a DNA micro
array, and for the latter analysis would be of the detection of modi-
fied sugar chains. In the present study, we found that fucosylated
haptoglobin was a good serum marker for pancreatic cancer, ana-
Iyzed the oligosaccharide structure in detail and investigated the
mechanism underlying why fucosylated haptoglobin is increased
in the serum of patients with pancreatic cancer.

As a result of analyses of various serum samples, we found
that fucosylated haptoglobin was observed at high levels in the
serum of patients with pancreatic cancer. Haptoglobin is hetero-
tetramer consisting of 2 « subunits and 2 B subunits joined by
inter-chain disulfide bonds.'” There are 4 distinct asparagines
residues (Asn 23, 46, 50, 80) in each B-chain and they display
oligosaccharide heterogeneity. Recent studies of haptoglobin
showed that certain oligosaccharide structures predominate in
different diseases. For example, a highly-fucosylated structure is
found in breast cancer and ovarian cancer, highly-sialylated
structures in Crohn’s disease and highly branched structures in
alcoholic liver disease.'®%? Furthermore, the aberrant glycosyla-
tion of haptoglobin was found to increase during mouse hepato-
carcinogenesis, by our group.”* In our study, we reported that
increases in core fucosylation as well as @ 1-3/a 1-4 fucosylation
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FiGure 4 ~ Oligosaccharide structures of haptoglobin by mass spectrometry analysis. (¢) Biantennary and triantennary chains with 1 sialic acid
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levels in haptoglobin were observed in the case of pancreatic cancer. (¢) Linkages of a fucose residue are indicated.

was found in the haptoglobin B chain purified from serum of
patients with pancreatic cancer compared to normal controls by
LC-ESI-MS and MALDI-TOF-MS. Furthermore, we described 2
possibilities for the fucosylation of haptoglobin found in the
serum of patients with pancreatic cancer. A pancreatic cancer
cell line, PSN-1 actually produced fucosylated haptoglobin, sug-
gesting that pancreatic cancer itself produces fucosylated (espe-
cially & 1-6 fucosylated) haptoglobin. To prove this possibility,

the immunohistochemistry of haptoglobin was undertaken. Infil-
trating lymphocytes could express ectopic haptoglobin in pancre-
atic cancer tissues. Secondly, pancreatic cancer produces a factor
that induces the production of fucosylated (especially o 1-3 fuco-
sylated) haptoglobin from the liver. To demonstrate this hypothe-
sis, it will be necessary to identify a factor produced by pancre-
atic cancer. As shown in Figure 6, it would be difficult to know
whether or not fucosylated haptoglobin is increased in a normal
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FiGure 5 — Expression of haptoglobin mRNA and its oligosacchar-
ide structure of pancreatic cancer cells. (a) The expression of haptoglo-
bin mRNA was investigated RT-PCR. (h) Haptoglobin was purified
from the conditioned media of PSN-1 cells and its oligosaccharide
structure was analyzed by lectin blot analysis. As expected, binding to
AAL and AOL was increased in haptoglobin purified from PSN-1 cells.

liver, because Hep3B is a cancer cell line and secretes high levels
of fucosylated haptoglobin. Fucosylated haptoglobin disappeared
after an operation, indicating that both of these 2 possibilities
could exist in vivo.

NORIKO OKUYAMA ET AL.
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FiGure 6 — Pancreatic cancer cells induce haptoglobin production
in Hep3B cells. Hep3B, PSN-1 and MIAPaCa-2 cells were cultured
in serum-free medium for 2 days. After collecting the medium, media
from PSN-1 or MIAPaCa-2 cells were added to Hep3B cells and the
suspension was further incubated for 2 days. Each sample was elec-
trophoresed on 8% acrylamide gels, and a western blot analysis using
an anti-human haptoglobin antibody was performed. Lane 1, Hep3B
cells with no treatment, lane 2, PSN-1 cells with no treatment, lane 3,
Hep3B cells after addition of the conditioned medium from PSN-1
cells, lane 4, MIA PaCa-2 cells with no treatment and lane 5,
Hep3B cells after addition of the conditioned medium from Mia
PaCa-2 cells. Increases in haptoglobin production were observed in
Hep3B cells when cultured with conditioned media from pancreatic
cancer cells.

In conclusion, we reported on the potential use of haptoglo-
bin as a target protein for fucosylation in the serum of patients
with pancreatic cancer. We also found that the o 1-3/a 1-4
fucosylation as well as the o 1-6 fucosylation of haptoglobin
was specifically detected in pancreatic cancer, as evidenced by
mass spectrometry. We conclude that there are 2 possibilities
for the fucosylation of haptoglobin in pancreatic cancer. Fur-
ther studies will be required to verify the clinical use of fuco-
sylated haptoglobin as a tumor marker in terms of comparison
with inflammatory diseases such as chronic pancreatitis (a pre-
liminary study in the cases of chronic pancreatitis showed
25% positive (1/4 cases) for fucosylated haptoglobin in their
serum).
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