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ABSTRACT Molecular biological analysis was performed to clarify the epitope structure of

Consequently, the following results were

obtained :

1..

2.

.Monoclonal antibody (MoAb) MUSEI11 reacted with the synthetic peptide corresponding to the
tandem repeat domain of human polymorphic epithelial mucin (PEM).

A c¢cDNA clone of 735bp was isolated from a normal human kidney ¢DNA library and was
designated as mucin 700 by using an oligonucleotide probe corresponding to part of the tandem
repeat domain. Nucleotide sequencing showed that mucin 700 consisted of 10 tandemly repeated
domains.

Recombinant mucin 700 was produced with an expression vector, pGEX-2T, in E. Coli. MoAb
MUSE11 was shown to react with this protein by Western blot analysis and sandwich enzyme
immunoassay. ‘

PEM core protein mRNA was expressed in both cancerous and non-cancerous regions of the
stomach and the colon. It was revealed by Northern blot analysis using total RNAs extracted
from surgically resected tissues. At the protein level, this was also confirmed by immunostaining

with frozen tissue sections. (Received February 5, 1992 and accepted February 27, 1992)

Key words: Monoclonal antibody, Human polymorphic epitherial mucin,

Mucin core protein, Gastric cancers, Colonic cancers.
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Abbreviations

bp : base pair mRNA . messenger RNA

cDNA : complementary DNA PBS : phosphate-buffered saline

CTL : cytotoxic T-lymphocyte PCR : polymerase chain reaction

EDTA : ethylenediaminetetraacetic acid PEM : polymorphic epithelial mucin

IPTG : isopropyl-g8-D-thiogalactoside SDS-PAGE : sodium dodecyl sulfate polyacrylamide

kb : kilobase gel electrophoresis
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oW THEEBEVBIT I CERY, 27 VHTH
EOEBIT OV TIRELS TP TH . 1988 4, EE
@ Gendler et al® 1Tk b EBECRILTRE, 7 v—F
NEFLAER% VT human polymorphic epithelial mucin
(PEM)DEGEF7 v —=v 7 3fThbh, T0a7EH
D—RBEERP OO L ot

—F, BADEECHILIEVAE, 7 r—F N
#if& MUSEL1® 3, BE#RD X 5 127 300 Kd D &5k
BEORR LG TS, TORNIRE=  — 7k
BT BEARSCFET S 2 & 2TRET 5K
ETR TR, ThEITcHASEL QLS §
B, KBREEEnE+SRO MUSELL HUEXHIEL, B
Be—2—ELTORBBEREL TER

ABFgeCiz, MUSELL #iFHREENPEM 0= 7%
BRSO CFEETH I L%, & LTHTFENFHFE
EHRAWTHLMT L.

2 K =

2:1 BHRARTF R EORIGH

Gendler et al® itk b#E S hi- PEM = 7&H
cDNA Bt OEREFEFI X h FREINET 3 VBO—K
WErviiz, 24@o7 3 7B (PDTRPAPGSTAPP-
AHGVTSAPDTR) X VB AR T+ V&7 ¥
EEEE AV CER LA GROFBHRAE). SH~
TF VN EDRIGHEIZE)SDHED KR -1 TTobb,
ER-7FF 0.1 mg/ml @ 100 pl & 96 }¥Efbe =—

A7 v— I 4C, 12RERIG S REME{LE, phos-

phate-buffered saline (PBS) X b ##& L, MoAb
MUSE1l #FE&T5 4 7Y ¥V —<8ELEE 4T, 5
BB G X ¥ 7. F0% PBS T, I ER Y FH

<= v 2 IgG+Fc $ifk(Jackson Immunoresearch Labo-

ratory, USA) 1X10°cpm/well XNz, X HiC4TC,
3 REIRUG &¢7-0h PBS 12 & b e, Eaiko
#&& cpm % y-counter IZ X W HIE e, ok, RBH
& LT CEA&H~7% N (No. 119-140) icxi4 5%
MoAb P1-255% % fuv iz,
2:2 ¢DNA/O—Z=>7

2:2:1 ¢DNA SATZY—=RUFNIRIZLHFFF

7o—7

MUSE1LL #ifR23 e M BFRMAE LR L CNB D
EDBIEE e N Agt 11cDNA 7 1 7% ) —(Clontec,
USA) & FHie. ¥7:7 w — 7%, Gendler ef al® O
LAFVIATEABRIIEL Y 2 1 v OEERFIOHEK
FH\ T 36mer (3 GGC CTG TGG TCC GGC CGG
GGC CCG AGG TGG CGG GGG 5) o+ V== 7

FLIREESE

Ut F & DNA SEl & v TfER L /o (MilliGen,
Japan).

7w — 7 OB Y KMESEY ¥ B Tk
%, 200ng DNA & 10X &5 -3 v 7 7 — (660 mM
Tris-Hel pH 7.6, 100 mM MgCl,, 100 mM DTT) 1
ul, y=2P-ATP 3000 Ci/mM 1 u/, T, £V 227 Lt
¥ —% (TAKARA) 1 pl KT 10 pl wFHEE
®3TC, 2B vE2~N— 1+ L. £OHBE5C, 5
SREmE L CRIS % k%, Sephadex G50 V-7
MEBIZE W REILOR 7 VA S FRERE, 100T, 3
SEMBBEEL T e — 7L LTHV . ‘

2:2:2 TS5—=ONATNF(E— a3 EIZLBR

o)==

Davis et al. DFED I D ARZ Y —=v I &fT»
fo. Tiob b 5X10° pfu (plaque forming unit) @
Agtl1l cDNA 51 75 V) —& %Kiz, E.coli Y1090 300
ul Bz 37C, 205EA vFEa—1+&, 6.5mlD
NZ top agarose(NZ 7 3 v 2. g, MgSo,*7H,0 0.4 g,
agarose 1.4g/200m/l) &{EA L T NZ agarose (NZ
7 ¢ v 10g NaCl 5g, MgS0,-7H,0 2 g, agarose
15g/L) D plate(¢ 15em T+ v > =) &z, 37T,
ORI A v a2 N— 1+ L1

’T, =+ ree—2E(Schleicher & Schuell,
Germany) %\~ T 2 @ o lifting 1T\, 7A 3 VE
P, 80°C, 2 FEMHEELALIE L 7.

X512 50% formamide, 6XSSC (0.15M NaCl,
15 mM sodium citrate, PH 7.0), 5XDenhardt
(0.1% BSA/0.1% Ficoll 400/0.1%
polyvinylpyloridone), 0.5% SDS, 10 mM EDTA
(PHS8.0), ##7¥EDNA (0.5mg/ml) X b7siE
ERPBTIIC, LEBEAVvAA1 TV EAAE—va vl
7z, RiT dextran sulfate ZHRAEE 0.1g/m/ winz
FBAWR 2421 TR Lic 7 v — 7 (BHREE 1X10°
com/ml) %Iz T, 37C, 12K~ 1 7V &4 ¥ —
vaviliie 0, =teere—2RERPRRETIX
SSC/0.19% SDS #Hh s 4R 3E, XHiz42CT
0.1xSSC/0.1% SDSHc1 @& & L, & &%,
—80°C, 3HBI X # 7 4 &4 (Kodak, USA) ¥
L.

UEozz7 V) —=v7EEx3E8EVEL, BES
5 — 7 OFULEFT - 72,

2:3 ¢DNA 7 0—>DIEEFFIDRE

2-3*1 c¢DNA HrhaENY

A7) ==V I THRLREA 7y =D 7 —-vhb
D cDNA MW, v—1F3 14 MED Y HEIIR
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L. T7bbKEE Y1090 12 2.2 T L A gt 11
7y = SRR, 2:2-2 LEBRCNZ S - r AN
T—HY D500 @D 7 » —o 75— 27 2EE L.
Zhl0m/oSME®K (0.1 M NaCl/10 mM
MgSo,+7H,0/50 mM Tris«HCI, PH 7.5/0.1% gel-
atin) Mz T4CT 12 BB ER, BREZERL,
6000 Bl#x, 10 4FE O LT EiERE. 2\ ~TDNase
# XU RNase ZER 2 ug/ml iz T 37C, 30454
RIniE#, 5M NaCl % 1/5 %, 50% polyethylene
glycol # 1/5 B2z, KPII1IBHEHBE L &
D, 10000 EEx 20 7 R0 L 72 T2 109% SDS
12.5u, 0.5M EDTA 5 g/, RNase (10 mg/m/) 1
ul Bz 65C, 154MEL, v=/—1/27r7x%
A AP 2 BTV, =& 7 — AT 20 1l © 10 mM
Tris+HC! (pH 7.8)/1mM EDTA-2Na ic & f## L
7.
2:3:2 Y7o O0— 0 RUIEERSIORE
2:3: 1 TCHEBNIA 77— 27 v—vdhd cDNA K
K % MI13 Cloning Kit (TOYOBO) % M \» T
MI3mpl8 XO'M13mpl9 7 v =Py 77 m—=v 7
L, —Z&8H DNA #§#%% Sequenase ver. 2.0 F v +
(USB, USA) # A\~ dideoxy &'V i1z X b HE&AFLF
BIRE L .
2-4 KIBE ARV mucin 700 EHORIE & 55
2:3CH 5 H 7 PEM = 7 & [ cDNA # A
(mucin 700 & %) #HH 2 2 —pGEX-2T (Phar-
macia, Sweden) @ EcoRIZfr i A L, kB
IM105 iwB A%, 50 ug/ml 7 v ey v LU0
mM Isopropyl-S-D-thiogalactoside IPTG) (Phar-
macia, Sweden) 12X YT ¥k (bacto-tryptone 16 g,
bacto-yeast extract 10 g, NaCl 5g/L, pH 7.0) ¢
¥# 1, glutathione S-transferase (GST) ORIAE
H&LTmucin 700 B 2B & 2. HAOKRIX
Prepacked Glutathione Sepharose 4B (Pharmacia,
Sweden) BT 74 =T 14— 0= 57 4 —
X 0frote. Tods, MRS LT cDNA KR &
ZihE I\ pGEX-2T ZAWCEEFEDHET GST EH
DHEBR T - 1.
2:5 SDS-PAGE LUV TR%5>7 0y b oth
24 THLRIREBREOXBE Iml EOL, ik
Iy 77 —(62.5mM Tris-HC1, pH 6.8/
109% 7 Y-ew—n/2% SDS/5% 2-ANHT h=& /—
n/0.0025% TR AT =) — AT )25 pl IR,
4-12% gradient gel BB FHASH) 2HE V&
sodium dodecylsulfate polyacrylamide gel & & IKE)

(L2 REREE MUSELL $#UR 0 & F A A 20 FiT 147

(SDS-PAGE) #47\~, Hinoda et al.'® ®FEIHE -
Tr7=v =7V VTV TA— L ABEAERBEYT -
7o, 0244 THRELCHMAER 20 ug *RABICESR
KB, =1t rere—REANEKEL, BRUEEE
iz X b, MoAb MUSE1Ll & oKt Z#E L7,
2:6 Y FA vy FEREEAEZE

R WBECTH v P A v FEERAEREECL Y
mucin 700 BEH OEIE # R 4T T b bR MoAb
MUSE11(20 ug/mD% 96 R~A 7 0 X4 & — 7L —
} (Nunc, Denmark) @ v — X2 4°C, 12 BREIRIG &
ECERLL, 3% T7AT I vinPBSick b 37C,
2R T r o 2 LR, HURE 4C, 12 RIS 8.
AT, 0.05% Tween20 i PBS i T, v45
v{t. MoAb MUSE11 ¢ 2R T 3BHERIGI €. &
NERFERRICESE, 1000 FEHR L rdFo 8 —E
Ei# 7 © o v (VECTOR, USA) & G, &,
0-7 ==V vo7 I vEEHRLLTHEAL, 4920m T
BIEZHEL -,
2:7 /—¥rTOv bk

2:7-1 BEEMRRUEEED S0 total RNA O

H

Bl & U BEMiark KATOIL, #LkEMiegk
MRK-nul ¥z, BB E LQIsBHREh
TeKBiE 3 BIROVE & 5 Bl B A 25 30 4
LI —80C i RA L Chirgwin ef al.'® e
guanidinium thiocyanate #1ZX b total RNA i
L7z,

2:7-2 FO—TOEERU/ —Y 70y bk

Fr— 713221 LA—TH Y, FOMEHS AR
fTote, 7 =¥V 7 wmy MEZEBOITEY KT
ek, v AlITYVREAE— 2 X 37C, 12 B,
ANATVEA - 2 VIRAIRD 7 v — T RREKEE
1X10° cpm/ml i2hnz 37°C, 20 R4 v+ a~N—+L
7.
2:8 RENRIAFLY—EHRE

Yachi et al.'® izfévs MUSELL A~ 7Y ¥ —= —%2
ZELEEY R EYy, MERE~L A+ 8 —%
EBxiTof. ok, SBUFRFERcL yBEshr
AT O AR & B T BRIt RS E
FIEE L .

3 K &

31 BERTFF ORI
Gendler et al.? D|ERFE, PEM = 7EBED
BLE A4V O—HICHYSTEER~TF FRIFRL,
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Fig. 1 Nucleotide sequence and deduced amino acid sequence of mucin 700 ¢cDNA clone.

ZnEx3 % MoAb  MUSELL o RUSH & #E Uic
(Table ). Z0#HE, MUSELl (IgGDiaxET
» % . CEA #itk P1-255 (IgGD) wwh~NBEIZH
cpm {EERT ERARFIZ, ER_7F FOEBERETH
% CEA-P2 i LT b i UG R iehs o 7e.
DI L1 MoAb MUSELL 21 PEM = 7EH D DK
LFE A VBB CND I ERRRET 2,
3.2 PEM a7ZR cDNAWRHsO—=2F
iz PEM = 7%&E cDNA #8585 B¢, PEM =7
EOFEOIRL N A 1 v olEERTIZEICER LA, +
VTR VvAF T e -7 2HAVTEREE M & cDNA

ATV —HAZ)V—-=v71L, 735bp & hith cDNA
Wi a8, 27 e—vi360bp LOEBEDELY
AAvEIVEBELTEY, TO I I ELN A1
v iR 87 bp OEFINED BRI Fig 1izxD
BOEL N A4 vOEREESIEFRENET I /B
—RIEEE BT, K7 v — 1 Gendler ef al.® DML
L7zfEvEL F 24 v (PDTRPAPGSTAPPAHGVT-
SAYET I VERDO N A4 v THETA L, 10EDED
BLEA A v DB, 3207 3 VEBEALENRD
PESRPAPGSTAPAAHGVTSA &5 L7 8 EER
ot T, YK 1»2FRLTWAS



61 (2) 1992

Table 1 Binding activity of MoAb MUSEI1 to syn-
thetic peptides

Binding activity(cpm)® to peptides

Mucin core protein® CEA-P29
MUSE11 9543+ 53 2335+65
P1-2559 1870150 1088+10
? Detected with an '*I-labelled anti-mouse IgG-Fc
antibody.

® A peptide consisting of one repeat and 4 amino
acids from the tandem repeat region of mucin
core protein.

© A 20-amino acid peptide from the Bl domain of
CEA (amino acid number 202-221).

9 A MoAb against CEA-P1 peptide corresponding to
22-amino acids from the Al domain of CEA
(amino acid number 119-140).

PDTRPAPGSTAPAAHGVTSA, %73 iz 2 #7T

#7055 PESRPAPGSTAPPAHGVTSA 73, thZh
1 fEzED b it

1

(A) Stained by CBB  (B) Western blot

Fig. 2 SDS-PAGE and Western blot analysis of
recombinant mucin 700. A bacteria lysate
was subjected to electrophoresis on a 4-12%
gradient gel.

(A) Coomassie staining.

Lane: 1, glutathione S-transferase protein; 2,
recombinant mucin 700 fusion protein.

(B) Immunoblot analysis of the recombinant
protein by MoAb MUSE11

Lane: 1, purified glutathione S-transferase
protein: 2, purified recombinant mucin 700
protein.

CBB indicates coomassie brilliant blue G250.

H{Las52B8:8 MUSELL $R © 5 F AW R0 149

0.8

—e—— recombinant mucin core protein
——o0— glutathion S-transferase

Absorbance at 492nm

0.0 f T
0 1000 2000

Reciprocal dilution

Fig. 3 Sandwich enzyme immunoassay with MoAb
MUSEI11. Closed circle and open circle indi-
cate recombinant mucin core protein (50 ug/
ml§ and glutathione S-transferase (50 ug/
m/).

Z O— kDS Kyte and Doolittle D57 12 X
» hydrophobicity index ZFtE L7 & A, BEIIR
Xlehotohy, BOEL N A A VEFIEAMCE A
TWABIZ ENY b,
3:3 KiEE% AUV -#AHR A mucin 700 EBHOER

%\~ T, mucin700 cDNAWIH #FE W N7 & —
PGEX-2T it fl Zih &, KIBE & H - TH 2 2
mucin 700 EH 2{E# L. Fig. 2 12”3 X 512 SDS-
PAGE 2%\~ T mucin 700 #fZA s\ v —v 112
ARV —v 2128\ T#H 60 Kd DfLEBIZHT LV F
RDI. Bz DEHI MoAb MUSELL & Kt
T5Z & xR T 5 BT Prepacked  Glutathione
Sepharose 4B %\ TR 8%, —&k¥Fifkic MUSELL
EHWTY =&Y T oy glafTot. L—v 21T
F\UT 60 Kd DALE 12V FRFEDI-OIR LT GST
DHEEFH LIV — v 1IREWTEAY FE2RDT, =
DEHH MoAb MUSELL ERIGT 5 Z EHERE R
e,

iz, #Z#z mucin 700 EHAMUSELL HiE =
P T EREBEE LTS ERERT S0, il
EH% 50 ug/ml X » FRL—kHifkic MUSELL, —
WPz €4 7 v iE#H MUSELL A icd v A v 5
BERAREREE Y To7. Fig.3lorndiog, o
BIERIZINT, SEELTHGE GST ERICIE S
RIG#ERE a0zl LT, 2z mucin 700 &
HEx WS & CBEREEICRIE,N IR TH - 7.
Tisbb, AR Z mucin 700 Z HiX MoAb MUSE11
CRIBT A=+ —7%#EHEE L T 5 2 & H B
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Fig. 4 Northern blot analysis of total RNAs from
colonic cancers and adjacent normal tissues
with oligonucleotide probe coresponding to
part of the tandem repeat domain. Lane: 1,
human gastric cancer cell line KATOIII ; 2-4,
patient No. 1-No. 3.

Ca and N indicate colonic cancer and adja-
cent normal mucosa, respectively.

Ethidium bromide staining is shown at the
bottom of the figure.

Fig. 5 Northern blot analysis of total RNAs from
gastric cancers and adjacent normal tissues
with oligonucleotide probe coresponding to
part of the tandem repeat domain. Lane: 1,
human breast cancer cell line MRK-nul, 2-6,
patient No. 1-No. 5.

Ca and N indicate gastric cancer and adja-
cent normal mucosa, respectively.

Ethidium bromid staining is shown at the bot-
tom of the figure.

FLERESEE

Elsote.
3.4 EItEIZHIT2 PEM 27%FH mRNA nEIR
PEM = 7 HEEANERCHE LSS TRETLZ &
ST 5 BT, BER X OKBESE QT
AR L b B total RNA ZHWT/, —Fv 7 my
F %47 -7 (Fig. 4, Fig.5). HiEflatk KATOIIL, #
JEARakE MRK-nul, B&E%& 56, KiBEESE 30l
DVFHIEE T D 4.5kb OB Y FEED, X
512 KATOIIL, MRK-nul & X 0, 360 & #EEE&E
(L=v2, 4, )ITETIX6.9kb DFIEICH A~V F
AT, BB LUICBRE b s\ CUEE & IS Iz s
% PEM mRNA 0FEE I —EOEAZRET, B4
DIEFNC X b Bl o T, Bz X Fig. 4 wnT XK
HE I OWTHE, v — v 3 OIS TIEEIIC
# LT PEM = 72 H mRNA OFEHIMET LT
¥, Fig. 5 wwrTBRAEOHEITL, V-V 3Tk
AT L IR, v — v 6 T IR
B L5\ mRNA #FH L T 7.

7ok, BUEIIR & 72\75, internal control & LT 6~
actin mRNA o&FHi# Fig. 4 DLV —v 1-4, X 0'Fig.
50V —v5 6IBWTHER LA ZO/RR, &LV —
VEIDEEX I F oY AT v <A F§E L IIFRE
Thoteledd, TITR=FTOY LT v <A FGER
RozzrLi.
3:5 MUSEIll |- & 3 RiEHHERE

XHLREAV A TOFRRXHERT2BHT, KB
EEE 4G, BREEEIFOFMcL b BiERE X
OIESEIRAL AR X » S UI A 21FR L, MoAb MUSELL
KPR TRES LV F o 8 —ERERT -

Fig. 6 Immunohistochemical staining of cancerous
and non-cancerous frozen tissue sections with
MUSE11l. (a) Colonic cancer region. (b)
Adjacent normal tissue. (Xx235)
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7o, ZORER, WITROEMT LBV RENEY
b ERERT, BT BE LR AR
Fic. Fig. 6 CRBBEMORERT ReymT. B
BT, HREBEROCSWYIES EZBEINTHED
XL, FEEECIiRE Bk D, i apical 4B
B e B BT R A 3R 7.

4 # =

MUSE1l 3 BEAEEKRERER L LT« 0FHE
THE#E L=y 2E /7 v —F 54 IgGD TH Y,
SHEHEIE, 2 FEH300Kd, PASEREEETHD
CEINEBSTEEREEZOR T, $1, JUR
REFE, 1% B2 vEB, /17 1 =4 - EABIK
itk cho, bV Ty, FurT—+E V8 NBICRES
BTHBZ LD, TLATFVHGIEETSHZ &
AR S R &b — k& ek 2 MoAb
MUSE1l, —#%k#ifkic €+ 5 viZ3 MoAb MUSELL
ROV VA v FERRERENTTRRZ L0 b,
SICFUR=¢ + — 7 3FE—5F L EREFET A
EBAFHE .

—75 PEM'®'® {3, human milk fat globule mem-
brane LFEMEICK U TIFE S i oD E /) 7
B — FAFEOR TR S FCHD, 5 FE 250Kd L
E VY, AvF=vRESTH-7Y Y EA
BB H 50% 2 50 5 2 &b aF VBEES THESR
H&EE 2z b, REFEHRE? SR LR R X UF
HHPEEETZ0LELT, BEBYETHAREEIM
BRI TEERTRTZ E8M b T 7202,

1988 4E Gendler et al.® HIEHBIRE HESH L 1o
¢cDNA 51475y — % 3BHEOPBETAZ7 YV —=v 7
L, PEM = 7B DNAWHR D7 r—=v 27 &k
7\, ZOEEEFIF®E L. T oK% Siddiqui e
a® 07— bHBCEREOR V- e -T2
i DF3 A, FUEMlagk cDNASA 759 —X
DAL 60bp DERDIEL F 24 v&EETH cDNA BT
F&EHBTC5.

AFFRICE T, 7 MoAb MUSELl Bz o
PEM =2 7EEBVELF A4 VRSB TLRELEY S
BT F P EHGTURLE., bk, ZOSAYHERT
Ao, EEANBERBIOERLAZcDNA 5175 —
B, BOBELVY AL vO—BcHY T+ )27V
FFNETe—-TLLTRZ ) —=VIL, TDOF2
A% 10MEETS mucin 700 7 = — v 218, Zhxk
BETAVCCEAR 2 ER L LTHREL, Co&HAE
MoAb MUSEUl BZRET 2 & HHbLMICL T,

H/LEsEEE MUSELL 5UR © 4 F £ R 151

mucin 700 7 v — v i, 10@EOEIEL VA AV DS
L8 EMNE—THY, FOT7 I /BEFIE, ZhET
Gendler et al.® % Kufe et al.?** D7 1 — 73 BE
LI RBLY A4V EHBELT3EDT $ VERDE
BB L O, B, FE#iatko cDNA 7477
Y — k b full-length 7 » — v %% 72 Hareuveni et
al?® DH|ETEH, ThETDre—vEX] ¥TER-
127 3 VERFINAELRTWE, ZDX ) FEVIEL
FAL4VADI-3BO7 3/ BEFIOXEY, AkiE
EMLEMC L 2ERATTLONENIBEEDE Z
ERETHD, SHEDEHEEL Dr e~V OBHH
WHEEBbhsb.

5l Price et al® 1ZEH <7+ VR BAWTHE
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STAPPAHGVTSADE DR L F A 4 v D 5 b,
hydrophilic ¢ g8 # — v _£® PDTRPAP #450—& %
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BEAT LA —FHL T, Thbb, Aiboss
R LR AL Bl TEAYRERE LTE
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WL — IS T A REM AR I h - (BE). Th
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L CHSEHRakE X D Rl U 7= total RNA #f\vC/ —
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