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Factors Related to Increased CA19-9 & Lewis
Antigen in Pancreatic Cancer Cell Lines

Kyung Sik Kim, MD,, Jin Sub Choi, MD., Hyun Ok Kim,
MD.', Woo Jung Lee, MD. and Byong Ro Kim, MD.

Purpose: The 8 pancreatic cancer cell lines (B<PC-3,
Capan2, CFPAC-1, HPAC, Capan-1, AsPC-1, MA PaCa-2,
and PANG-1) were investigated to identify the factors which
would increase CA19-9 related to the Lewis antigen. CA19-9
in serum is a well-known tumor marker, and is frequently
used for the clinical diagnosis of pancreatic cancer. The
oligosaccharide on the CA19-9 epitope is a sialylated Lewis
A blood group artigen.

Methods: B 3Gal-T was detected by reverse transcriptase
polymerase chain reaction (RT-PCR). The phenotypes and
genotypes of Lewis antigen were determined by flow
cytometry analysis and restriction fragment length pol-
ynomphism (RALP), respectively. The phenotypes of sLe® were
assessed by flow cytometry analysis and the slLe® on
supermatants was detected by sodium dodecyl suifate -
polyacrylamide gel electrophoresis (SDS-PAGE). CA19-9 and
DUPAN-2 on supermatants were measured by erzyme
imMmuNoassay .

Results: CA19-9 productions were possible from all cell
lines since they all had B 3Gal-T and there were no
genotypical Lewis negative (l€/le). The elevation of CA19-9
was noted on Capan2 and CFPAC-1, which were phe-
notypically Lewis positive (Le(@+ b+)), as expected. Inter-
estingly, it was also elevated in BxPC-3 even though the
line was known to be phenotypically Lewis negative
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(Le@ b )). Salyl Le" appeared to play an inmportant role
in this phenomenon. Although CA 19-9 was not detected in
the phenotypically Lewis negative pancreatic cell line without
sialyl Le", the levels of DUPAN-2 were variable.
Conclusion: It was revealed that an elevated CA19-9 was
related with increased expression of Lewis gene, not merely
the existence of the gene. Further investigations on the role
of ST3CGal are warranted to explain the mechanisms of the
variable levels of DUPAN2 in Le@ b ) cell lines. (J
Korean Surg Soc 2002;63:317-325)

Key Words: Sialylation, N-acetyl glucosamine 3 1,3-galac-
tosyl transferase (3 3Gal-T), a 1,34 fucaosyl
transeferase (Fuc-Tlll, FUT3, Lewis antigen),
CA19-9, DUPAN-2

. Sialylation, N-acetyl glucosamire 3 1,3-galac-
tosyl transferase (3 3Gal-T), ,
CA19-9, DUPAN-2

Departments of Surgery and ‘Laboratory Medicine, Yonsei
University College of Medicine, Seoul, Korea
Cancer Antigen (CA) 19-9

(1,2 CA19-9 dayl Lewis (sL€)

Lewis system
3
Lewis system ) v
4 blood group
Lewis system 5
CA19-9 (Fig. )
glycosyl transferase , N-acetyl gluco-



318

63 4 2002

Galf1-3GlcMACh-
type-1 chain

Galp1-3GIcNACh Galfi1-3GlcNAC
al-2 =2
Fuc Fuc

a

Galp1-3GIcNAG-

+«—( p1, 3GalT )

GlcHAChH-

——

-
L ST_EGaI )

!

Shu2-3Galf1-3GIcNACH-

sle’ (DU-PAN-2)

T

ShnZ-3Calfi1-3GIcNAC-

| =2 | ml-d4 | o=
Fuc Fugc Fug
| Le | sLe® (CA19-9) |
I A enzyme ] | B enzyme
T
GalMAcao1-3 Galp1-3GIcNAGR- Gale1-3 Galf1-3GIcMACf-
| -2 | al2
Fuc Fuc

Fig. 1. Biosynthetic pathways for Le antigens with the type | chain in cordation with the synthesis of ABH antigen.

samine gdactose

type | chain

N-acetyl glucosamine 3 1, 3-gdactosyl transferase (3 3GA-

n .,
type | chain

transferase (ST3Gd),

GIcNAC residua

TII, FUT3, Lewis antigen)

CA199
Le’ (DUPAN-2)
type | chan
DUPAN-2

cloning
4

CA19-9

Lewis

, Sayl type 1 chan
Gd residual

sdic acid
gdactose-a 2, 3-salyl
, fucose galyl-type 1 chain
o 1, 34 fucosyl traseferase (Fuc-
(6) Lewis (L€)
sayl-
B 3GdA-T
CA199
(7)
B 3GdA-T
Human Genome Prg ect
(6,8) FUT3

1994
(9-12)
CA19-9

(12)
CA19:9

Lewis )
(2) Lewis
type 2 chan  Lewis'
GIcNAC fucose
(cross readtivity) (24
LewiS  slLewis
(15) CA19-9
genuine Lewis
CA19-9 Lewis
Lewis
CA19-9

Lewis

CA19-9



Lewis CA19-—9 319

uperscript  preamplication  system
complementary DNA .
cDNA 10u |, competitor DNA 10u |, beta 3 Gal T5

BxPC-3, Cagpan-2, beta actin  target prime st (Teble 1) 0.2 um
CFPAC-1, HPAC, Cgpan-1, AsPC-1 6 50u | reaction mixture AmpliTaq GoldTM
MIA PaCa2, PANC-1 (Perkin Elmer)
(Competitive Reverse Transcriptase Polymerase Chan Reac-
1) Cancer cdl line tion, RT-PCR) (16)
(BXPC-3, Cgpan-2, PANC-1, MIA (buffer) 20 mM Tri-HCl (pH 8.3), 50 MM KCl,
PaCa2, CFPAC-1, HPAC, Cepan-1, AsPC-1) ATCC 15 mM MgClz, 0.2u M of each dNTP  00001% gdatin
(American Type Culture Collection, Manassas, VA, USA)
. ATCC 9%5°C 1 pre-Heat step
(adenoCarcinoma) 95°C 1 ,B 3gdT5 65C B
actin - 60°C (aneding) 1, 72C
ATCC , 2 10p
. MIA PaCa?2 100p gml  penicillin-streptomycin (diguot) 1% agarose gel
(Gibco BRL, Grand Idand, New York, USA), 4 mM L-glu- ethidium bromide (band)
tamine, 10% , 25% DM- )
. 3) Lewis
EM (Gibco BRL) , PANC-1 4 mML-glute-
mine, 10% DMEM , Cgan-1 4 (@] Lewis
mML-glutamine, 20% IMDM (Gibco Le
BRL) ,AsPC-1 20% RPMI-1640 BG-5 (anti-Le’, Sgnet Laboraories, Inc., Dedham, MA,
(Gibco BRL) , BxPC-3 CFPAC-1 10% UsA) 50 L€
RPMI-1640 (Gibco BRL) , Cgpan-2  10% BG-6 (anti-Le’, Signet Laboratories, Inc., Dedgam, MA,
McCoy's 5a (Gibco BRL) UsA) 40 .
HPAC 5% DME+Han's F12 (1 1 , 2 anti-mouse IgM
) . 75 e’ (ATC, Becton Dickinson, Sen Jose, CA) 1: 100
80% 3 15 (FACS: Becton
ml 0.25% trypsin, 0.03% EDTA Dickinson) .
2ml  trypsn-EDTA isotype (IgGD)
60% .
, 35 WIinMDI (version 2.8; Scriipps Research Indtitute, La Jolla,
CA, UsA)
(2) Lewis :
2) B -N-Acetylglucosamine B 1, 3-Galactosyltrasnferase g),\'l\l: WizardTM, Pro::r;ega, Madlso:_,sg\g, Ush
(B 3Gal-TS) 5OA  59AS 17
RNA DNase | Table 2
Table 1. The primer sets used for competitive RT-PCR andysis
Target gene Rimea sts (Forward primer) Sf;goeft T;;epg;%ds Racg%(:i tngém for g:;)?;t?re
B 3GA-T5 5'-ACCACCAGCAGTGCAGCGGAAAC-3 554 Eco811-Xaml 65C

B -Actin 5'-GATATCGCCGCGCTCGTCGTCGAC-3'

789 EcoO1091-BstEI | 60°C
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Table 2. The primer sets used for amplification of the Le genes

. . Annedling Fragment Redtriction
Gene Primer name Primer sequences temperature sze (o) enzyme
59S 5'-ATGGCGCCGCTGTCTGGCCGCCC-3'
3 7+ 2 Msp |
Le 59AS 5'-GAGGACCCACTGGGAGCCCT-3 &C 120 (97+239 +
Taq phosphate saline Tween 20 3,
DNA polymease 1 U, dNTP 250u M, TrissHCl (pH 9.0) 10 5 . 2 (anti-mouse Ig G HRP
mM, KCl 40 mM, MgCl2 15 mM conjugated, Dako, Copenhagen, Denmark) 1 : 2,000
AccuPoweTM PCR PreMix (Bioneer, , ) 1 , phos-
GeneAmp PCR system phate saline Tween 20 3,5

9600 (Perkin Elmer Cetus, CT, USA)

uC 1,
65°C 0 72C 30 25
. ABIT PCR
M | (Takara biotechnology Co., LTD, Shiga, Jgpan)
© 37C 2 4%
metgphor (MetaPnor® agaroe, FMC®, ME, USA)
. Le A59G
97bp 23 bp
4) salyl L€
(@] galyl L€ .
sayl L€ CA199
(anti-sidyl L€, Dr. Narimatsu H , Soka University, Tokyo,
Jpan) 150 Lewis

(2) SDS-PAGE (Sodium Dodecyl Sulfate - Polyacrylamide
Gel Electrophoresis) Salyl-
Le : EBC (40 mM Tris-Cl, 120
mM NaCl, 0.5% NP-40) protease inhibitor mixture (

Leupeptin Iu g/ml, gprotin Ju gml PMSF (100p o

ml) lyss buffer 12,000 rpm 20
Biorad Protein assay
10% acrylamide gel well 20ug

. ge trensfer chambe (Hoefer
Phamacia Biotech, San Francisco, CA, USA)
NitroCellulose membrane (Amesharm-Pharmacia Biotech, Little

Chalfont, England) membrane 5%
skim milk 16 4C bloCking PBST
(phophate sdine, 0.5% Tween 20) 3 1

(anti-sidyl L€, Dr. Narimatsu H , Soka University,
Soga University, Tokyo, Jgpan)  phosphate sdine Tween 20
1:2,000 2

ECL western blotting
Little Chalfont, England)

(FUiFPM 100A, Tokyo, Jgpan)

(Amersham-Pharmacia Biotech,
X-ray film proCessor

5
() CA199
CA 199 EIA |l (RoChe Diagnogtics AG, Switzerland)
37
U/mL
(2) DUPAN-2 .
DUPAN-2 solid phase enzyme immunoassay (EIA;-
Kyowa Medex, Tokyo, Jgpan) ,
150 U/mL
1)
Fg. 2 BxPC-3
mucin .
Capan-2 mucin PANC-1
Soft agar fibrablast monolayer
. MIA PaCa2
(eneuploidy)
.CFPAC-1 cytokeratine
(oncofetd antigen)
. HPAC
Capan-1
. AsPC-1
2) B 3Gal-T5

8 554 base
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Fig. 2. Cdlular gppearance in 8 human pancregtic cancer cell lines.

-

Fig. 3. B 3Gd-T5 andlysis in human pancregtic cancer cdl lines

by RT-PCR.
pairs B 3Ga-T5
(Fig. 3. 3Gd-T5 s € (CA19-9)
type 1 chain
3) Lewis
()] Lewis 18
Cgpan-2 CFPAC-1 Lewis
Le (@a+b+) Le (ab-) (Fg. 4.
(2 Lewis :Le AS9G
50A 59AS
97bp 23bp
.MIA PaCa2 Léle 7
LeLe  (Fg. 5.

4) Salyl-L€
o Salyl-L€
sayl-L€e Cepan-2 CFPAC-1
BxPC-3 ,
(Fig. 6).
(2) DSPAGE Salyl-L€
: DSPAGE
anti-sialyl-L€ Western blot Analysis
CFPAC-1, BXPC-3, Cgpan-2 Sayl-L€e
(Fg. 7).
5)
CA199 sdyl-Le
BxPC-3, Caan-2, CFPAC-1

516, 979.9, 424 (U/ml)

DUPAN-2 CFPAC-1, Cgpan-1, AsPC-1
301, 20,600, 1,760 (U/ml)
(Table 3).
CA 199 dalyl Lewis' (sL€)
Lewis system CA199

N-acetyl glucosamine 3 1,3-galactosyl
transferase (B 3GdA-T), gdactose-a 2,3-9dyl transferase (ST3-
Gal), fucosyl trensferase (Fuc-Tlll, FUT3, Lewis enzyme)

glycosyl transferase .(6)
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Fig. 4. Lewis phenotyping in human pancreatic cancer cell lines
by flow cytometry analysis.
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Fig. 5. Lewis genotyping in human panaregtic cancer cdl lines by
PELP.
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Fig. 6. Sayl-Le" phenotyping in human pancreatic cancer cell
lines by flow cytometry andysis.

B 3GdA-T FUT3 CA 199
B 3GA-T
5 B 3G4a-T5
e (6) B 3Gd-
T5 554 base pairs PCR pro-
ducts target 5'-ACCACCAGCAGTGCAGCGG-
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Table 3. CA19-9 & DUPAN-2 vaues in the supernatant human pancreatic cancer cdl lines with phenotype and genotype of Lewis antigen

and presence of sidyl L€

Lewis system Sdyl L€ Qupernatant
Cdl lines
Phenotyping  Genotyping Flow cytometry Western blot andysis CA199 DUPAN-2
BxPC-3 Le(@a b ) LelLe week + + 516 25
Capan-2 Le (a+b+) Lele + + 979.9 25
PANC-1 Le(@a b ) Lele - 0.6 25
MIA PaCa-2 Le(@a b ) Lele - 0.6 25
CFPAC-1 Le (a+b+) Lele + 424 301
HPAC Le(@a b ) Lele - 09 25
Copan-1 Le(@a b ) Lele - 39 20600
AsPC-1 Le(@ b ) LelLe - 19 1760
Lewis
BxPC-3, MiaPaca-2  Penc-1
BxPC-3
Le , SLE , MIA PaCa-2, Panc-1
(22)
Lewis . CF
PAC-1 CA199 (23)
L€, sLe
4 DSPAGE i€ mucin

Fig. 7. CA19-9 to cancer cdl lines lysate by SDSPAGE and
transfer to the blot.

AAAC-3' primer st 8
554 base pairs d& typel chan
Fucosyltrandferase (determinant)

o (1,2) fucogyltranderase (FUT1, FUCT2)
o (1,3) fucosyltrandferase (FUT3, FUCT4, FUT5, FUTS6,

FUT?) (2920) FUT3 Lewis
type fucosyltransferase (21 19
FUT3(9) 5 cloning (69
(9-11)

T59G, G508A, T1067A
T59G, T202C, C314G, C445A, G508A, T1067A
TS9G  TI1067A

(12) T59G

(CFPAC-1, Cgoan-1, Capan-2, BXPC-3, AsPC-1)
(PANC-1, MIA PaCa-2, HPAC)

mucin (24
e CFPAC-],
Cgpan-2, BxPC-3 Band anti-sLe’
CA199 DUPAN-2 Lewis
MIA PaCa-2
CA19-9 DUPAN-2 (BXPC-3, Ca
pan-2) CA19-9 DUPAN-2 (Cepan-1,
AsPC-1) Capan-2, PANC-1, HPAC
CA19-9
ST3Gd (25,26) sialylated
carbohydate ()
Capan-1 Capan-2
c-DNA microraray e
Cepan-1, Capan-2
corrected ratio 0.15, Cegpan-1 121, Cgpan-2 2.79
Capan-2

sidylaed carbohydate
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CA19-9
ST3Ga
Lewis CA19-9
8
type 1 chan B 3Ga-T
RT PCR Lewis How Cytometry Andysis,
RFLP aie
Flow Cytometry Analyis, Western
blot method e CA199 DUPAN-2

D8 B13-
gdactosyl transferase .

2) Lewis Cgpan-2 CFPAC-1
Lewis Le (a+b+) Le
(&b-) . Lewis MIA PaCa-2

Lele 7 Lele

3 sayl-Le Cgpan-2 CFPAC-1

BxPC-3
. Western blot BxPC-3, PANC-1, CFPAC--
1 Sayl-Le
4) CA19-9 salyl-L€e
BXxPC-3, Cgpan-2, CFPAC-1

516, 979.9, 424 (U/ml)

DUPAN-2 CFPAC-1, Cgpan-1, AsPC-1
301, 20600, 1760 (U/ml)

CA19-9

(bloCking antibodly)
Lewis DUPAN-2

ST3Gd
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