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Abstract

Background & Aims: Adequate nomenclature for precancerous lesions is essential for the understanding of
carcinogenesis. Nowadays, it is believed that invasive ductal carcinoma of the pancreas (IDC) is developed from
histologically well-defined precursor ductal lesions known as “pancreatic intraepithelial neoplasia” (PanIN). The PanINs
are graded as PanIN-1A, -1B, -2, and -3, according to the atypia. Mucins are high molecular weight glycoproteins having
oligosaccharides attached to serine or threonine residues of the mucin core protein backbone by O-glycosidic linkages.
These mucin genes are differentially expressed by different cells and organs. Since synthesis and secretion of mucin is a
common feature of glandular epithelial tissues, my laboratory have investigated the expression of mucin antigens mainly
in adenocarcinomas. The study examined alterations in the pattern and level of expression of several mucins (MUCI,
MUC2, MUC4, MUC5AC, and MUC6) and most popular small intestinal type-brush border marker (CD10} in the PanIN
lesions.

Methods: From the surgically resected 18 specimens (3 specimens with chronic pancreatitis, 10 specimens with
intraductal papillary-mucinous adenoma, and 5 specimens with IDC), I seleced 9 normal ducts, 80 PanIN lesions (PanIN-
1A, 35; PanIN-1B, 20; PanIN-2, 18; PanIN-3, 7), and 8 IDC lesions. Expression profiles of the mucins and CD10 in the
normal ducts, PanIN lesions and IDC lesions were examined by using immunohistochemistry.

Results: MUC1 was expressed in 33% of normal ducts, 20% of PanINs-1A, 20% of PanINs-1B, 44% of PanINs-2, 57% of
PanINs-3, and 88% of IDCs. MUC2 was not expressed in any PanINs nor IDCs. MUC4 was not expressed in normal ducts,
but was expressed in 14% of PanINs-1A, 5% of PanINs-1B, 11% of PanINs-2, 14% of PanINs-3, and 38% of IDCs. MUC5AC
was not expressed in normal ducts, but was expressed in 83% of PanINs-1A, 90% of PanINs-1B, 100% of PanINs-2, 71% of
PanINs-3, and 88% of IDCs. MUC6 was expressed in 67% of normal ducts, 83% of PanINs-1A, 75% of PanINs-1B, 72% of
PanINs-2, 57% of PanINs-3, and 38% of IDCs. CD10 was expressed in 67% of normal ducts, 23% of PanINs-1A, 60% of
PanINs-1B, 17% of PanINs-2, 14% of PanINs-3, and 13% of IDCs. The results showed over expression of MUCI, a pan-
epithelial mucin, and MUCS, a gastric pyloric glandular mucin, and de novo expression of MUC4, a respiratory epithelial
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mucin, and MUCSAC, a gastric foveolar epithelial mucin, in all grades of PanINs and IDCs. The expression of CD10, a
small intestinal marker, was markedly decreased in PanINs and IDCs. In addition, increase in the expression of MUC1
and decrease in the expression of CD10 were correlated with grades of the PanINs.

Conclusions: Expression of both MUCS5AC and MUC6, and downregulation of CD10 are early event, whereas
upregulation of MUCI1 is a late event in the recently defined progression model of pancreatic carcinogenesis.
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DHEICBWT, PRAROEROR HE T REE R
(Invasive ductal carcinoma : IDC) T, MUCl1% &=
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Intraepithelial Neoplasia (PanIN) *\>9 “nomenclature
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PanIN-1B, PanIN-2, PanIN-3& EiiCwWwAY, #0it
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hyperplasia% ¥ 9 mucinous metaplasia” & LC, F7z8]
# @ “PanIN-3” OEEO—IIL, %% @ “carcinoma
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“Histology for Pathologist” **|Z “atypical hyperplasia” &
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L, PanIN-225Z 11 F T ?atypical hyperplasiatZ 1B LT
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% “neoplasia” & LCHEZ, #—HZETD % PanIN % fii
HLTHHELL) L) BRIV LA 50 5, BIEZ O
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Table 1. Characteristics of human mucin core proteins.

Mucin Repeat peptide High level Chromosome

type sequence expression location

MUC1 GVTSAPDTRPAPGSTAPPAH (20) Breast 1921-23
Pancreas

MUC2 PTTTPITTTTTVIPTPTPTGTQT (23) Colon 11p15
Small intestine
Airways

MUC4 TSSASTGHATPLPVTD (16) Airways 3929
Colon

MUCS5AC TTSTTSAP (8) Stomach 11p15
Airways

MUC6 SPFSSTGPMTATSFQTTTTYPTPSHPQTT  Stomach 11p15

LPTHVPPFSTSLVTPSTGVITPPTHAQMA Gallbladder

TSASIHSTPTGTIPPPTTLKATGSTHTAPP lleum
MTPTTSGTSQAHSSFSTAKTSTSLHSHTS
STHHPEVTPTSTTTITPNPTSTGTSTPVAH
TTSATSSRLPTPFTTHSPPTGS (169)

(), number of amino acids
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19974E % & 20034E 12 20 V) THVEHI I IR & 72 18HER]
(12 REs% 3 B, WEE AFLIERS IR RRIE 106, IDC S #1)
%, BRBRFEFL - hF i BRI v A
N ENIIEBID 63BN U 720 B P AEHR 1268, 0% (5%
AR H58%, = 7)), B Lz 8 10TH -
7o WMEEBOWEICOVTIE, BREKFESL - &
S EEPEERR M EE BRSO RREZIT TV D
(ZNEB16—52) o TN TOEKRIFI0% RV~ ¥ TH
EEN, NT T4 VIEDRE, 4-pmDIE S THEAFAIC
B L, NIV - VR RE R T o7,

2) PanINO¥|EE%E

A5 I FL TR TR M I & IDCI2 BT, AR o
R EMmFE L, PanINJEZIE, FIWED STl
AT, FIRE L IIEREEN TV L F MR L CETH
L7z, PanINyp % @ ¥ F#e (ZHruban, RHS %% @ 3k

WX 2R v, BIBZLTO®R) THh L,

@ FEIEE LI B RS0 SR E R
Lk, BoOER(LPRAMEZRDO 2V,

@PanIN- 1A FHAHERE T, B LEMEOSHHE
il THEZEDbR, HIZEE, SIHBETH S,
@PanIN- 1B FIAE Lz la CE bH 1L A KFLTIR O f 5% %
AL, BREE»SIHETH L, BoERB(LLERE
RO\, FLIFIRMEE O B C B O PIIRAR O MR % R
FZEDDH D,

@PanIN-2 : B & o MA: LS, FiH% v LFLEEIR
R RT . FLEUREE SO ME % 0. RAM
Fg, BCERLAESLEL, PiohERIZ RIS
xR, BORBIZIFEALALNR VY,
@PanIN-3 ; FIH % B A R M2 v LiL A EEME
FLEAR A & FLEEARAE S, M FEEE 2 R ¥, oMk
IR LB B MEE O,

3) feEEELE
ETNES

—XkfhE LT, MUCI DM ICIZ, v 7A€/ 2
17— LHiAK [DF3] (mouse IgG, Fujirebio Diagnostics,
Inc. USA) % H v 7z, DF313MUCl2 7 % ¥ X 7

(TRPAPGS) %REFL, WEHOFIL T TY VNI B ED
FEVPHBINDLG L wbRTw 5, MUC2OMH I
X, R 2 - r [FIMUC2H & & B w7z, T4
MUC2¥t44] 12, Takara Custom Services Center (Ohtsu,
Japan) W K L C, A L A = v BE L

[PTTTPISTTTMVTPTPTPTGTQT| ®237 3 /B 5
%hYVTL)E— MEETEOMUCZAN T FE A
L, ZnEPEE LTHWTGUmS® Oe#k L 7z ik
ETOREEIMZTHERE LA, MUCADORE L, =
A 71— F ik [clone 8G7] (Surinder K. Batra,
Ph.D., Department of Biochemistry and Molecular
Biology, Eppley Cancer Institute, University of Nebraska
Medical Center, Omaha, USA. X b fit5) % w7z 2%
MUCBACORIICIZ, = A€ 7 7 10— F itk [NCL
-MUC-5AC| (Novocastra, Newcastle, UK.) % Hwv 7z,
MUC6DRH 121E, <7 A€ 70— F Lifk [NCL-
MUC-6] (Novocastra, Newcastle, UK.) w7z, CD10
ORMITIE, T AE S 7 a—F Lk [5606]

(Novocastra, Newcastle, UK.) % w7z,

TRIMEL LT, EFFULENLY R IR T A
[gGH by XF My FgGEHvwi, TED -
AT VBNV XL ¥ - EER (ABCHEER)
& L T % Vector Laboratories @ Vectastain ABC kit

(Burlingame, CA, USA.) #H w7z,
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ELT—RIuEO MR b ) 1FEREMTE L PBSE W7z
D, I EL Lroz,
CIfE s

BEWNR L LT _TOEFHE, PanINJGEZ, IDC
ROV, #EWHE LT, A bR -2
VR a L R OBERITV, BRI A E
BTV NVERETHMEI 072, 7V Y VEEEG
255 —FV% V45 (COOLPIX995, Nikon, Tokyo,
Japan) % YeEPEMEE (BX51, OLYMPUS, Tokyo, Japan)
B L THT - 720
GEREORRE O

REROERLIRE L -HG L ChREoMat sy v
L, BHEMEO N~y T =PI L o TRD L9 125
L7z BB S %RFEOWEL [ — 1, BEHEMRS
5 %L ES0% Ko E%E [+, 0% Eoles [+
+lo WELELTE, B OE G5 %L LowmEL
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BETE OF1F

Wk & RFh L 720

4) HRETEERA

LR EPanIN (PanIN-1A, -1B) A& L, S EAE
PanIN (PanIN-2,-3) % 2 O B 14 22 13 two-tailed Fisher
exact testiZ X - ThE L7z,

IE%, PanIN-1A, -1B, -2, -3, IDC® 6 #ElcBR W, %
DT L—F (=, +, ++) &KLz RemtkicBRRg
D52 570 29 DWW TR A Y T < o NEN A AR S
EET272,

FARIC 6 BER ICBWT, ROV —F (—, +, +
+) RIR L7224l B D 2 0 ) hricownT
13, FNFNORERB O L% Tukey D HDSH E THT o 72,
FTRTCOFELFHIZIMP 5.1 (SAS Institute Inc., USA) %
A, MEREHRES G RmMEsAEL L,

RFERER

1) LF > OEREE, PanINKE, REAMEBEECH

TEREOBE

EDBR & 18IS D Bl AL 2> © 97 7 B OFM % O

(E®#E O » B, PanINJiZ807 I, IDC8 7 p7), %
BYBERD TV 5 VEREMGECEHM %17 o 72, PanIN
W 2580 7 FT D PIFIZPanIN-1A : 35452, PanIN-1B : 20
W%, PanIN-2: 18572, PanIN-3 . 7fHETH > 72,
SEF S 7)) v 7 U IEE EE, PanINSEZ, IDC
D F L% Table 212, BEREOFE RO F L o % Table
TR T

Table 2. Distribution of normal duct, PanINs and IDCs in 18 cases examined.

Normal duct PanIN-1A PanIN-1B PanIN2 PaniN3 IDC
epithelium
Chronic pancreatitis 3 7 5 0 0 0
IPMA* 2 22 10 12 0 0
IDC 4 6 5 6 7 8

*IPMA: intraductal papillary-mucinous adenoma.

Table 3. Expression rates of each mucin and CD10 in normal duct, PanINs and IDCs.

Antibody Normal duct PanIN-1A PanIN-1B PanIN2 PaniIN3 IDC P-value*
epithelium
Muc1 3/9(33%) 7/35(20%) 4/20(20%) 8/18(44%) 4/7(57%) 7/8(88%) 0.016
MUC2 0/9(0%) 0/35(0%) 0/20(0%) 0/18(0%) 0/7(0%) 0/8(0%) NS
Muc4 0/9(0%) 5/35(14%) 1/20(5%) 2/18(11%) 1/7(14%) 3/8(38%) NS
MUCS5AC 0/9(0) 29/35(83%) 18/20(90%) 18/18(100%) 5/7(71%) 7/8(88%) NS
MUC6 6/9(67%) 29/35(83%) 15/20(75%) 13/18(72%) H(57%) 3/8(38%) NS
CcD10 6/9(67%) 8/35(23%) 12/20(60%) 3/18(17%) 1/7(14%) 1/8(13%) 0.033

P values represent the comparison of immunohistochemical abnormalities between “low grade” (PanIN-1A and -1B) versus

“high grade” (PanIN-2 and -3) using two-tailed Fisher exact test.
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MUCIOAR R Zetn il 3% Fig. 112R T, MUCLOJEH
B, ERBET38% (+:0/9, ++ :3/9), PanIN
-1A¥% 25 ©20% (+ 1 5/35, ++ :2/35), PanIN-1Bj
22C20% (+:2/20, ++ :2/20), PanIN-29K%C44%
(+ :4/18, + + :4/18), PanIN-3y5 4 CT57% (+ .
2/7, ++ .2/7), IDCTIZ88% (+ :0/8, ++ :7/8)
THolz,

F bbb, MUCLIZ, PanIN-2D\48BIZBI4 2 &9
W22, IDCTREREHLRL, BEREMPanIN (PanIN
-1A, PanIN-1B) & & #APanIN (PanIN-2, PanIN-
3) LOBTHERICAELELRO (P=0.016),

1E%, PanIN-1A, -1B, -2, -3, IDCO 6 HED AT <~
JIEfS7AH BE A% BB E O 5 SR 13 AH B4R £50.3298, pfE0.001T
Hy, BREDOZ L — FPERL 2> T, MUCIOZ

OERBREWIC LAY 2EMP R o7z, 72, Tukey
OHDSKETIZ, ©E%#, PanIN-1A, -1B,-2,-3, IDCD6
oMt ioMBEt 4307z (P<0.05),

3) MUC2M#3R

MUC20J8BE, EHEETO0 % (+:0/9, ++:0/9),
PanIN-1AWZET0% (+ :0/35, ++ :0/35), PanIN-
IBWRZET0% (+:0/20, ++:0/20), PanIN-295ZC
0% (+:0/18, + + :0/18), PanIN—3¥% & T0%
(+:0/7, ++:0/7), IDCTIZ0% (+:0/8, ++:
0/8) TdH o7z, B PanIN (PanIN-1A, PanIN-1B)
¢ EEEAPanIN (PanIN-2, PanIN-3) O BICIZHE &=
BElDdrolz (P=1),

f

expressed in PanIN-1A (a), but is expressed in the apical surface of normal cuboidal
epithelium of the small pancreatic ducts (a, arrows). MUCI is expressed sparsely in the apical
surface of PanIN-1B (b). MUCI is not expressed in PanIN-2 in this duct (¢). MUCI is
apparently expressed in PanIN-3 (d and e) and IDC (). X200.
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Fig. 2. MUC4 Expression in PanIN lesions and invasive ductal carcinoma. MUC4 is not
expressed in the normal cuboidal epithelium of the small pancreatic ducts (a, arrows). MUC4
is not expressed in PanIN-1A (a), PanIN-1B (b) and PanIN-2 (c). MUC4 is not expressed in
one lesion of PanIN-3 (d) but is pronounced positive for another lesion of PanIN-3 (e) and IDC
0. X200.
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4) MUCADHIR

MUCADAR R Zetn il 5% Fig. 21271, MUC4AOJE]
B, ERBET0% (+:0/9, ++:0/9), PanIN
-1AE 25 T14% (+ 1 2/35, ++ :3/35), PanIN-1Bj
ET5% (+:0/20, ++4:1/20), PanIN-2HWZT11%

(+:2/18, + + :0/18), PanIN-3y5 4 T14% (+ .
1/7, ++:0/7), IDCTI338% (+ :1/8, ++ :2/8)
Tdh o7z, BEZERPanIN (PanIN-14A, PanIN-1B) &
EEZEAIPanIN (PanIN-2, PanIN-3) o ficiz g gL
Rl drolz (P=1),

6 BED A YT < v ERLAH B R Bk D5 R A3 AH BIFR AL
0.1285, pfHO.2098TH b, BEED 7L — PO LS
IZHE > T, MUCAD S0 DB RER 1 A3 2 AT 72
otz 72, TukeyDHDSHE T, 6HORmMIC
MBI o 72,

g

£57% H1E
5) MUC5ACD3IR
MUCBACOZEM F+ it - % Fig. 3127”3 MUCSAC
DRBMEE, EFRET0% (+:0/9, ++:0/9),
PanIN-1A#ZT83% (+ :0/35, ++ :29/35), PanIN
SIBIRZETA0% (+:2/20, ++4:16/20), PanIN-2H7%
T100% (+ :0/18, ++ :18/18), PanIN-3%Z T71%
(+:0/7, ++ :5/7), IDCTII8% (+ : 2/8, ++ .
5/8) TH oz, BEEMPanIN (PanIN-1A, PanIN-1B)
EEERMPanIN (PanIN-2, PanIN-3) & OfICIZAE
EEED Loz (P=03226), MUCSACIZ, F#%EE
T3 T 572 (BT, PanIN-1AR L2 S B E ICRBT
AE9h0, FHBRCBVYTOEEILEH LW,

AN G2

Fig. 3. MUCSAC Expression in PanIN lesions and invasive ductal carcinoma. MUCSAC is not
expressed in the normal cuboidal epithelium of the small pancreatic ducts (a, arrows). In contrast,
MUCSAC is expressed in the cytoplasm of PanIN-1A (a), PanIN-1B (b), PanIN-2 (c), PanIN-3 (d

and e), and IDC (f). X200.
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Fig. 4. MUC6 Expression in PanIN lesions and invasive ductal carcinoma. MUCS is expressed in the
normal cuboidal epithelium of the small pancreatic ducts (a, arrows). MUC6 is expressed in the
cytoplasm of PanIN-1A (a), PanIN-1B (b) and PanIN-2 (c). The positive cells are mainly located in
the basal region of the low-papillary pattern. MUCS is expressed sparsely in one PanIN-3 (d) but not
expressed in another PanIN-3 (e). MUCE is slightly positive in IDC (f). X200.
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F e
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Fig. 5. CD10 Expression in PanIN lesions and invasive carcinoma. CD10 is expressed in the apical
surface of normal cuboidal epithelium of the small pancreatic ducts (a, arrows). CD10 is slightly
positive for apical surface of PanIN-1A (a). CD10 is not expressed in PanIN-1B (b) in this duct.
CD10 is not expressed in PanIN-2 (c) and PanIN-3 (d and e). CD10 is not expressed in IDC, but is
positive for infiltrated inflammatory cells among the carcinoma cells. X200.

6) MUCEDHIR

MUCED R FE R 5 B % Fig. 41R T, MUC6DSEBLBHE
13, EEEET67% (+:3/9, ++ :3/9), PanIN-1A
FEZET83% (+ :6/35, ++:23/35), PanIN-1BRHZET
75% (+ :5/20, + + :10/20), PanIN-295 Z& T72%

(+:9/18, + + :4/18), PanIN-3y5 4 CT57% (+ .
2/7, ++:2/7), IDCTI338% (+ :2/8, ++ :1/8)
TdHh o7z, MUCGIZ, PanIN-1AO REIRZE» 5 L, #
NUED 4 TOPanINIZ R T 4 25, PanIND 7" L — FA3
EDBIHE o TR Z DRI T A AR A H
N7z, Lo, BEEAPanIN (PanIN-1A, PanIN-
1B) & &EEEAPanIN (PanIN-2, PanIN-3) & oz
HEEZRD 2oz (P=0.2669),

6 REDA YT < v ERLAHBE R B D5 R 3 AH BIFR 2L
—0.2733, pfE0.0068TH 1, FAMNED 7L — FI8 ks
L ZHE o T, MUC6?D etk s Be Y 1 T Ir) 3 2 ] 2%
BN, T72, TukeyDHDSHUE TIZ, 6 BED Geta itk
BRI o7,

7) CD10D%3R

CD10D ML My Ye i £ % Fig. 5127k, CD10D
13, EEEET67% (+:0/9, ++ :6/9), PanIN-1A
JHAET23% (+ :7/35, ++ . 1/35), PanIN-1BJHAET
60% (+ :7/20, + + :5/20), PanIN-29% % T17%
(+ :1/18, + + :1/18), PanIN-3J5 4 T14% (+ .
0/7, ++:1/7), IDCTIZ13% (+ :1/8, ++:0/8)
Tdh o7z, CDI0I, IEHFHE THEHRE R L7275, PanIN
SIATRECREAMET L, PanIN-1BRZECEIEHE RT
bOD, PanIN-2HAE L VBV L — FTiE, BE, &
B E oz, WM PanIN (PanIN-1A, PanIN-1B)
¢ EEEAPanIN (PanIN-2, PanIN-3) O BICI3H &=

&7z (P=0.033),
z =

LHECTIIINT CHEEREE L SUMkc 2 ME
BB L LT v OEREKE L, PheEOHARHE
FEMET L ORBEToTE 2, 812, WS RAEE
WBWTIE, R LT OMUCLRMUCAD 83 il
DR WL EEDOAEL P L OBELEENDH
0, —J, S AT OMUC2ZOZ B EE » IHEE
MR BED R FIRICEE LT\ nwi i oessse

20014E 43k, Hruban®™¥ |2X oT, IDCOMEARZ
L L CPanIN &\ ) BR&DRIB S 1, G 0 S 40 G
FINLDFHEICKD T WS, PanINICBIT 2 A F V5
HicowTd, PELPLH|EEIH LY, FhLoo
FLOHE T, PanINREDKZ L — FIZBIT L A5
VIHEBMOBBEPREMIZEI N TV 0D, K
FEIC X o AT NIz & 9 R BEEE L CoMP REED
LOFEBNRBSEE TITThRTWwWa v, KRR TRT
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