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ABSTRACT

Murine monoclonal antibodies were generated against FG, a human
pancreatic carcinoma (HPC) cell line. Of the six monoclonal antibodies,
five (S3-15, S3-23, S3-41, S3-60, and S3-110) reacted by indirect im-
munoperoxidase assays with HPC of the ductal type, and another (S3-

53) reacted with both ductal and acinar HPC. Strong reactivity was also
found with tumors of the stomach, colon, mouth, lung, and cervix, while
a large panel of normal human tissues displayed little reactivity. Indirect
immunofluorescence staining revealed that, except for S3-23, the antigens
recognized by these antibodies are expressed at the cell surface. Immu-

noprecipitation of metabolically radiolabeled FG cells indicated that the
epitopes recognized by these antibodies are carried by distinct proteins
or glycoproteins, differentiated on the basis of the apparent molecular
weight and/or subunit composition as determined by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. This panel of antibodies will

be useful to study antigenic variations associated with malignant cell
transformation in HPC as well as other tumors.

INTRODUCTION

The prognosis of carcinoma of the exocrine pancreas is
currently very poor, even when compared to that of other
cancers (1-4). This is primarily a consequence of delays in
diagnosis, because of the anatomical site of the pancreas, and
the fact that signs and symptoms of this disease are shared by
a number of more common abdominal conditions (5). In spite
of substantial advances in the diagnostic tools available to the
clinician, the recognition of a neoplastic pancreas in largely left
to exploratory surgery, inevitably performed in late stages of
the disease. The incidence of this disease has also been steadily
increasing during the past 20 yr, with the characteristics of a
growing epidemiolÃ³gica! problem in most industrialized nations
(1, 3). In this country, pancreatic cancer now ranks eighth
among all cancers and fourth among the most common causes
of cancer death, with the lowest 5-yr survival rate of all cancers

(1).
New approaches that may prove useful for early diagnosis

and treatment of carcinoma of the exocrine pancreas are there
fore greatly needed. Based on the assumption that tumor cells
may either express or secrete abnormal antigens, many labora
tories have successfully undertaken the production of specific
antibodies to tumor antigenic markers, with the ultimate goal
of using them as tools for both diagnosis and treatment of
cancer (6). We here describe the production and initial charac
terization of six murine MoAbs3 detecting distinct antigenic

determinants associated with HPC.
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MATERIALS AND METHODS

Cell Lines. The HPC cell lines FG, SG, and FG-Met-2 are subclones
of the HPC line COLO 357, that display distinct in vitro and in vivo
growth properties (7).

Human tumor cell lines were cultured in GEM 1717 medium (8),
lymphoblastoid cell lines in RPMI 1640 medium, and hybridemÃasin
Dulbecco's modified Eagle's medium. All media were supplemented

with 10% PCS, 2 mM glutamine, and 25 //R/ml gentamicin.
Tissues. Fresh normal and malignant tissues were obtained through

the courtesy of the Department of Surgical Pathology, Cecil and Ida
M. Green Hospital, Scripps Clinic, La Jolla, CA, and Dr. R. Sobol,
University of California at San Diego, San Diego, CA. Specimens were
embedded in O.C.T. compound (Miles Laboratories, Naperville, IL),
quickly frozen in liquid nitrogen, and stored at -70Â°C.

Production of Monoclonal Antibodies. Murine MoAbs to the HPC
cell line, FG, were produced by standard hybridoma techniques (9).
Briefly, BALB/c mice (2 to 4 mo old) were immunized at weekly
intervals by 6 i.p. injections of either FG cells (5 x IO6cells/injection/

mouse) harvested from monolayer culture by EDTA treatment, or cell
suspensions derived from FG xenografts in BALB/c-nu/nÂ« mice (5 x
10* cells/injection/mouse). Three days after the final injection, splen-

ocytes were fused by standard techniques (9) with the murine myeloma
cell line, P3X63Ag8, and cultured in 96-weIl plates. Murine thymocytes
(2 x IO6cells/ml) were used as a feeder layer.

Isotyping. Antibody isotypes were determined by ELISA using affin
ity-purified rabbit antisera (Southern Biotechnology Associates, Bir
mingham, AL). The antibodies S3-15, S3-23, S3-41, S3-53, and S3-60
were IgGl,/c, whereas S3-110 was an IgM,x.

ELISA. Cells dried onto the bottom of 96-well miniplates were used
as targets for ELISA, that were performed as described (10). Horserad
ish peroxidase-conjugated goat anti-mouse immunoglobulin antiserum
(Bio-Rad, Richmond, CA) was used as the secondary antibody.

Indirect Immunoperoxidase Staining. Two- to 4-^m sections of frozen
tissue blocks were cut on a cryotome, mounted on gelatin-coated glass
slides, air dried, and tested immediately in an indirect immunoperoxi-
dase assay (11). Briefly, after washing once in HBSS and PBS [10 mM
sodium phosphate:!). 15 M NaCl (pH 7.0)], sections were incubated at
room temperature sequentially with: diluting buffer (PBS containing
5% normal goat serum and 1% bovine serum albumin) for 15 min; a
1:2 dilution of hybridoma supernatant* or appropriate isotype-matched
controls for 1 h; horseradish peroxidase-conjugated goat anti-mouse
immunoglobulin antisemm (Bio-Rad, Richmond, CA) diluted 1:50 and
containing 5% normal human serum for 1 h; and finally substrate buffer
[10 mM Tris (pH 7.4):0.6 mg/ml 3,3'-diaminobenzidine:0.015% H2O2]

for 15 min. Washes with HBSS and PBS were performed between
incubations. Sections were counterstained in 1% mÃ©thylÃ¨neblue, de
hydrated through graded ethanol, washed in Histo-Clear (National
Diagnostics, Somerville, NJ), mounted in Pro-Texx (Lerner Labora
tories, New Haven, CT), and examined by light microscopy.

Indirect Immunofluorescence Staining. Cells grown to confluence on
glass coverslips were washed once with cold HBSS, overlaid with 0.1
ml of 1:2 hybridoma supernatant for 1 h at 4"C".washed in cold HBSS,

and overlaid with 0.1 ml of 1:50 fluorescein isothiocyanate-conjugated
goat anti-mouse immunoglobulin antiserum (Tago, Burlingame, CA)
for 1 h at 4"( ', After washing and fixing in 3% paraformaldehyde, cells

were mounted in 80% glycerol:! mg/ml p-phenylenediamine:200 mM
Tris (pH 8.5), examined, and photographed with a Zeiss fluorescence
microscope.

Radiolabeling of Cells. Exponentially growing 1 x IO7FG cells were
incubated for 12 to 18 h in 10 ml of leucine-free RPMI 1640 medium
(Flow Laboratories, McLean, VA) containing 3% dialyzed PCS, 2 mM
glutamine, 25 jig/ml gentamicin, and 1 mCi L-[3H]leucine (110 Ci/
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niÃ±u11;Amersham, Arlington Heights, IL) or in 10 ml of GEM 1717
medium containing 10% PCS, 2 HIMglutamine, 25 Mg/ml gentamycin,
and 1 mCi D-[3H]glucosamine (40 Ci/mmol; Amersham). Monolayers

were detached with EDTA, washed twice, and lysed for 20 min on ice
with 1 ml of the following buffer [0.15 M NaCl:50 HIMTris (pH 8.5): l %
sodium deoxycholate: I% Triton X-100:0.1% sodium dodecyl sul
fate:0.02% sodium azide:2 HIM phenylmethylsulfonyl fluoride]. The
lysate was centrifuged at 100,000 x g for l h at 4Â°Cand stored at
-70*C.

Indirect Immunoprecipitation and SDS-PAGE. Ten /<! of a 10%
suspension of Protein A-Sepharose (Pharmacia, Uppsala, Sweden) were
incubated at 4 ( for l h with 5 /<1of rabbit anti-mouse immunoglobulin
antibodies (Accurate Chemicals, Westbury, NY) in 0.3 ml of PORT
buffer. After washing twice with PORT buffer, incubating l h at 4Â°C

with 1 ml of hybridoma supernatants, and washing twice with PORT
buffer, the beads were incubated overnight at 4 ( ' with radiolabeled cell

extract (1 to 2 x 11) cpm). The immunosorbents were washed 8 times
with PT buffer [10 HIMTris (pH 8.5):0.15 MNaCl:0.5% Tween 20:0.1%
Renex 30:2.5 HIMsodium azide], and bound antigens were eluted in
Laemmli buffer (12). The samples were analyzed by SDS-PAGE on
slab gels and visualized by fluorography (13).

RESULTS

Production of MoAbs. By fusing P3X63Ag8 murine myeloma
cells with splenocytes from mice immunized with the HPC cell
line FG, we produced and selected six monoclonal antibodies
satisfying the following criteria: (a) they reacted in ELISA
against FG cells, but not lymphoblastoid cell lines; (b) they
were highly reactive by immunoperoxidase staining with frozen
sections of HPC tissues; and (c) they were unreactive with
human normal liver and kidney tissue sections.

Reactivity with Human Cell Lines. The reactivity of these six
antibodies by ELISA against a large panel of cell lines in culture
is shown in Table 1. All of the antibodies were reactive with
the majority of ten HPC cell lines tested. With the exception
of small cell carcinoma of the lung, cell lines from all types of
carcinomas showed consistent reactivity with most antibodies.
Breast, prostate, and liver carcinoma cell lines showed a partic
ularly strong reactivity with antibodies S3-23, S3-41, S3-53,
and S3-60.

In addition to carcinoma lines, MoAbs S3-23, S3-53, and

Table 1 ELISA reactivity of monoclonal antibodies with cultured human cells
Reactivity was measured on absorbance at 490 nm and scored as follows: Atto Â£0.15, â€”;A4M= 0.15-0.3, 1+; A49o= 0.3-0.6, 2+; AÂ«o= 0.6-1.2, 3+; A4Â»a 1.2,

4+. Cell lines were obtained from either the American Type Culture Collection, Rockville, MD, or through the generosity of the following investigators: P. A.
Meitner, Brown University, Providence, RI (COLO 357, FG, SG, FG-Met-2, RVVP-1, RWP-2); T. S. Edgington, this Institution (A549, all breast cancer lines, J82,
DU-145, SK-HEP-G1, SK-UT-1, CALU 6, COLO 396, Caov-1, T24, HSB-2, GM31-7, HL-60, K562); P. D. Fernsten, this Institution (UCLA-P3, T-222, SK-MES-
I, CALU-I, A431, USCLS-I, 5637, ME-180, FADU); F. Bach, University of Minnesota, Minneapolis, MN (721-P); R. A. Reisfeld, this Institution (T-293, NCI-
H69, all melanoma, glioblastoma, and neuroblastoma cell lines).

PancreaticcarcinomaColo
357FGSGFG-Met-2RWP-1RWP-2PANC-1ASPC-1Hs

766TBxPC-3Lung

carcinomaAdenocarcinomaUCLA-P3A549CALU

6Squamous
carcinomaT-222SK-MES-1CALU-IA431USCLS-1Oat

cellcarcinomaT-293NCI-H69Breast

carcinoma734BBT-20MDA-MB-435SBladder

carcinomaT24J825637Cervical

carcinomaME-
180Prostatic

carcinomaDU-145Pharyngeal

carcinomaFADUColon

carcinomaCOLO
396S3-

152+1+1+1+â€”2+â€”2+4+3+_â€”â€”1+1+_2+â€”â€”_-â€”_â€”-3+4+â€”2+â€”S3-232+2+3+3+3+â€”3+3+3+3+_â€”4+2+2+2+2+2+â€”â€”2+3+3+2+3+3+4+3+3+1+S3-413+3+3+4+4+3+3+3+4+4+_2+â€”2+3+2+3+3+â€”â€”-3+_â€”-2+3+2+3+4+S3-532+2+3+4+2+1+3+1+1+4+2+1+4+4+3+3+3+3+1+â€”3+4+3+2+2+3+4+3+4+4+S3-603+3+4+4+4+3+3+4+4+4+_4+4+4+4+4+2+4+3+â€”4+3+4+3+4+4+4+4+4+4+S3-1103+2+2+4+â€”1+1

+1+1+2+â€”â€”â€”1+_â€”3+4+â€”--â€”1

+â€”-3+3+1

+2+1

+HepatomaSK-HEP-G1Mesoderma!

tumorSK-UT
1MelanomaML-873-1WM239AVVM2664A-375PA-375MMI4M21MS-1FOSSMelurGlioblastomaU138MGU87MGU4373MGNeuroblastomaSK-NSHSK-NMCLAN-1B-LymphoblastoidL14LG-2721-PGM3107T-LymphoblastoidMOLT-4HPB-ALLHSB-2Promyelocytic

leukemiaHL-60ErythroleukemiaK562Diploid

fÃ¯broblastWl-38Human

RBCS3-

15 S3-23S3-413+

3+3+-

1+-1
+1

+3+2+-

3+--
3+--
1+--
1+-1

+-

1+-1
+â€”

â€”â€”1

+_
__2+_

__1
+_

__-
--â€”

â€”â€”_
__-
--â€”

â€”â€”â€”

â€”â€”â€”

â€”â€”â€”

â€” â€”S3-532+2+2+3+3+4+3+3+4+3+3+3+1+3+3+2+â€”1+1+1+â€”2+â€”2+-â€”â€”â€”â€”S3-604+4+â€”3+â€”4+3+3+3+â€”â€”â€”â€”3+2+2+â€”-â€”1+â€”-â€”â€”-â€”â€”â€”â€”S3-1101+1+â€”â€”â€”â€”â€”-â€”â€”1+â€”â€”â€”â€”â€”â€”-â€”â€”â€”-â€”â€”-â€”â€”â€”â€”
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Table 2 Reactivity of monoclonal antibodies with fresh frozen human tumor tissue sections by immunoperoxidase staining
The intensity of staining was scored from 1+ to 4-t. where 4+ indicates greatest positivity. Lack of staining is shown as â€”.Each row represents a different tumor

tissue. In all cases, supernatants from the following hybridoma cultures (obtained from the American Type Culture Collection) were used as isotype-matched controls:
B8-24-3 (IgGI, anti-H2-Kb); 28-16-8S (IgM, anti-I-A****1-11);P3X63Ag8 (IgGl); and W6/32 (IgG2a, anti-HLA-A, B, C).

PancreaticcarcinomaDuctal
adenocarcinomaIslet

cellcarcinoma/in-sulinomaAcinar

cellcarcinomaOral

squamouscarcinomaAdenoid

cysticcarcinomaSalivary

glandcarcinomaEsophageal

carcinomaGastric

carcinomaColon

carcinomaHepatomaLaryngeal

carcinomaMelanomaSarcomaS3-

15S3-233+2+

3+3+
4+4+2+2+3+3+â€”

â€”IV

3+2+3+3+1+2+1

+3+1

+3+1+

2+3+2+4+1+

1+3+IV

4+3V
3V2V

2+3+1

+_

_2+S3-41â€”2V2Vâ€”

*4+3V4V--â€”IVIVâ€”â€”

â€¢3+4V3V3V2+3+IV3V_â€¢3+3Vâ€”2V2VIV-â€”_â€”S3-532+1+4+11+3+4+-1+3+3+4+2+4+2+3+3+3+4+3+3+3+IV3+4+2+4+3V4+4+4+4+4+S3-603+â€”442+â€”â€”--â€”4V1*3+4+â€”4+-_3+â€”2+â€”_2+â€”4+2+IV_4+â€”3+â€”S3-1103+3+_-â€”3+_--â€”2V2+1
+3+â€”3+3+3+1

+â€”2+3+_1

+2+2+â€”IV2+4+2+1+â€”Lung

carcinomaAdenocarcinomaSquamous

carcinomaAdenosquamouscarcinomaOat

cellcarcinomaLarge

cellcarcinomaMesotheliomaBreast

carcinomaCervical

carcinomaEndometrial

carcinomaOvarian

carcinomaProstatic

carcinomaBladder

carcinomaKidney

carcinomaS3-

15S3-231+

3+4+3+3+2V

3+2+_

_2+aâ€”

â€”-

-4+1

+3+3+4+3+1+

4+4+IV

3+1
+3+4+4+-

-3+1+

4+2+3+2V

2+3+-

-S3-411

+â€”â€”IVâ€”â€”_-IVâ€”-4+â€”â€”â€”â€”-1+-2V1+-â€”3V_â€”3VIVIV3V-2+S3-531+3+1+3+2+3+3+3+3+â€”-4+]

+3+4+3+2

+2+-1+4+3+4+3+4+3+2+4+2+2V4+-S3-601+4+3+2+3+â€”4+4V2+â€”-3+1

+â€”2+â€”1+2+-3+2+3+4+4+â€”â€”3+2+_4+4+-S3-1103+4+3+1+2+â€”1+2V2+â€”-3+â€”â€”1+2+-4+2+3+2+2+3+â€”â€”_2+2+2V-1+

" Basement membrane staining.
'' Keratin staining.

S3-60 showed moderate to strong positivity with cell lines of
neuroectodermal origin (melanoma, glioblastoma, neuroblas
toma). On the contrary, MoAb S3-15 displayed a very narrow
spectrum of reactivity, as it was positive with 8 of 10 HPC cell
lines, but only with occasional ones among the other types. A
similar restricted pattern of reactivity was observed for S3-15
with tumor tissues (see below). This is not due to lower titer of
the antibody preparation used, since the degree of positivity of
S3-15, when reactive, was comparable to that of the other
MoAbs (Table 1).

All MoAbs were generally nonreactive with human RBC of
blood types AB+, A+, B+, O+, and 0â€”;normal diploid fibre-

blasts; and leukemic or lymphoid cell lines (Table 1).
Reactivity with Human Tumor Tissues. Table 2 summarizes

the reactivity of the antibodies with fresh frozen human tumor
tissue sections as determined by indirect immunoperoxidase
staining.

MoAbs S3-15 and S3-41 displayed comparable patterns of
reactivity, generally limited to carcinomas of the GI and GU
tracts and to head and neck tumors.4 MoAb S3-15 reacted with

' The group of head and neck tumors is comprised of oral squamous carcinoma,

adenoid cystic carcinoma, salivary gland carcinoma, and laryngeal carcinoma. GI
tract tumors are gastric carcinoma, colon carcinoma, and hepatoma, and GU
tract tumors are cervical carcinoma, endometrial carcinoma, ovarian carcinoma,
prostatic carcinoma, bladder carcinoma, and kidney carcinoma.

2 of 7 HPC, 5 of 8 head and neck tumors, 4 of 10 GI tract, and
3 of 13 GU tract tumors, whereas MoAb S3-41 reacted with 6
of 7 HPC, 7 of 8 head and neck tumors, 9 of 10 GI tract, and
8 of 13 GU tract tumors. In virtually all instances, staining by
these two antibodies was distinctly associated with the basement
membranes surrounding tumor foci (Fig. 1, A to Â£).When
tumor cells within these foci were stained, a characteristic one
sided basal surface staining of cells at the epithelial-stromal
interface was observed (Fig. 1C). Stromal tissue staining was
not present with either MoAb. In the few cases of lung carci
nomas, melanoma, and breast cancer tissues that were stained,
reactivity was also confined to basement membranes.

MoAb S3-23 was highly reactive with all (7 of 7) of the
pancreatic adenocarcinomas examined (Table 2). This antibody
and S3-53 (see below) were the only MoAbs that reacted with
every HPC specimen tested. MoAb S3-23 also reacted with 1
of 1 pancreatic islet cell tumor, 21 of 23 neoplasms of GI and
GU tracts, 8 of 8 head and neck tumors, 9 of 13 lung tumors,
3 of 3 melanomas, 1 of 2 sarcomas, and 6 of 6 mammary
carcinomas tested. The reactivity of S3-23 within tissues was
mainly localized to tumor cells in better differentiated areas of
squamous cell tumors and adenocarcinomas examined. Aden
ocarcinomas mostly showed intense staining of the apical sur
faces of tumor cells lining the acini and of luminal contents
(Fig. IF), while squamous carcinomas were characterized by an
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intense labeling of nests of tumor cells. The large more differ
entiated maturing squamous cells in the center of these tumor
nests were also stained (Fig. 1G).

MoAb S3-60 reacted with 4 of 7 HPC, as well as 1 of 4 colon
tumors, 2 of 4 gastric tumors, 7 of 8 head and neck tumors, 9
of 13 genitourinary tract carcinomas, 1 of 3 melanomas, and 1
of 2 sarcomas. It also stained all histological types of lung
tumors, except oat cell carcinoma (Table 2). This antibody
reacted with the majority of tumor cells within a tissue, regard
less of the degree of tumor cell differentiation. Keratin pearls,
when present, were also stained (Fig. 17).

MoAb S3-53 reacted with 65 of 70 tumor tissues examined,
thus displaying the widest range of reactivity among the six
MoAbs. As mentioned above, S3-53 reacted with each of 7
pancreatic adenocarcinomas. Further, it was the only MoAb
highly reactive with pancreatic carcinoma of the acinar cell type
(Table 2). Reactivity of S3-53 was generally intense, with the

majority of tumor cells within a tissue. Tumor cell basement
membranes were also stained in some cases.

MoAb S3-110 reacted with 3 of 6 HPC, 4 of 4 oral squamous
carcinomas, 3 of 3 melanomas, 9 of 13 lung carcinomas, 4 of 6
breast tumors, and 16 of 23 GI and G U tumors. Reactivity
within a tissue ranged from weak to moderate and was generally
confined to tumor cell subpopulations. Preferential reactivity
for squamoidal tumor cells and, in some cases, keratin pearls
was observed.

Reactivity with Nonmalignant Pathological Human Tissues.
The reactivity of the antibodies with a limited panel of inflam
matory pancreases, benign tumor, and hyperplastic epithelia
was determined by indirect immunoperoxidase staining of fro
zen tissue sections and is depicted in Table 3. Except for S3-
15, some reactivity with the duct cells of chronic pancreatitis
tissues was detected for each MoAb. Hyperplastic prostatic and
endometrial epithelia also reacted with several of the MoAbs

Fig. 1. Indirect immunoperoxidase staining of fresh frozen human tumor tissues with MoAbs. A, moderate to poorly differentiated pancreatic adenocarcinoma
stained with MoAb S3-41. Arrows indicate reactivity with basement membrane, x 25. B, control staining with P3X63Ag8 supernatant of a section from the same
tissue as in I. x 25. C, moderate to poorly differentiated pancreatic adenocarcinoma stained with MoAb S3-41. Dense staining of basement membrane (long arrows)
and focal reactivity of the basal cytoplasm of tumor cells (shun arrows) is seen, x 100. D, moderately differentiated gastric adenocarcinoma stained with MoAb S.V.
41. Intense staining of tumor cells (short arrows) and basement membranes (long arrows) is indicated, x 25. E, well-differentiated oral squamous cell carcinoma stained
with MoAb S3-41. Reactivity with basement membranes (long arrows) and basal epithelium (short arrows) is indicated. The maturing squamous epithelium (light
areas) did not react with this antibody. Compare with // for control staining, x 25. F, moderately differentiated gastric adenocarcinoma stained with MoAb S3-23.
Intense cytoplasmic reactivity is seen with focal accentuation of apical cytoplasm (arrows). Luminal contents were also positive (same tissue as in D) x 100. G, oral
squamous carcinoma stained with MoAb S3-23. Two nests of well-differentiated tumor cells (center), surrounded by infiltrating tissue, are lightly but homogenously
stained. //. control staining with P3X63Ag8 supernatant of section from the same tissue as in E and G. x 25. /, moderate to poorly differentiated laryngeal carcinoma
stained with MoAb S3-60. Arrows indicate strong staining of central keratin pearls, x 25.
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(Table 3), while the reactivity of benign tumors was limited to
2 of 5 positive with S3-60, 1 of 4 with S3-23, and 2 of 4 with
S3-110.

MoAb S3-53 was the most widely reactive antibody, since it
stained every nonmalignant pathological tissue examined, al
though always in discrete areas. S3-15 had the most restricted
staining pattern, as it was only reactive with basement mem
brane of hyperplastic prostate.

Reactivity with Normal Human Adult and Fetal Tissues. The
reactivities of the antibodies with fresh frozen normal adult and
fetal tissues by indirect immunoperoxidase staining are sum
marized in Table 4. The antibodies were unreactive with the
vast majority of normal tissues examined. However, some reac
tivity with distinct areas of some normal tissues was observed.

MoAb S3-15 was moderately reactive with the basal epithelial
cell layers and/or basement membranes of the esophagus, cer
vix, breast, and plantar skin. A similar pattern was observed
with S3-41. In addition, S3-41 stained the ileal epithelium,
basement membranes of the small and large intestines, and
breast tissue. Reactivity of S3-41 with ductal basement mem
branes of 1 of 4 adult pancreas and 1 of 1 fetal pancreas was
also observed.

The reactivity of MoAb S3-23 was restricted to the parietal
cells of the gastric glands, ducts of 2 of 4 adult pancreases,
apical layers of the nonkeratinizing, stratified squamous epithe
lium of the cervix, breast lobules and ducts, cerebrum, and
cerebellum. Fetal kidney and fetal lung showed marginal reac
tivity.

MoAb S3-60 reacted with the bile ducts of only 1 of 3 livers,
the upper epithelial cell layers of the esophagus and cervix,
adult and fetal lung tissue, as well as breast and endometrial
tissues. The upper epidermal cell layers of plantar skin were
also stained. Adult and fetal kidney glomeruli were scored as
positive by immunoperoxidase staining; however, by indirect
immunofluorescence staining, virtually no reactivity with the
same tissues was observed. In some cases, connective tissue
displayed faint reactivity with this antibody.

MoAb S3-53 reacted with the acinar cells of adult and fetal
pancreas, fetal pancreatic ducts, and the liver parenchyma and
bile ducts of the same liver tissue stained by S3-60. It was
moderately reactive with the esophagus, stomach and small
intestine, cervix, uterus, breast, fetal and adult lung paren

chyma, fetal kidney, cerebral cortex, and with the molecular
layers and Purkinje cells within the adult cerebellum. All layers
of plantar skin including basement membrane were also in
tensely stained.

MoAb S3-110 staining was limited to ileal and cervical
epithelia, breast tissue (1 of 2), cerebellum, cerebrum, and fetal
pancreatic ducts.

Reactivity with Cell Surfaces. To determine whether the an
tigens recognized by the six MoAbs were expressed on the cell
surface, viable FG cells were tested with the MoAbs in an
indirect immunofluorescence assay. All antibodies except S3-
23 showed clear-cut staining of the plasma membrane, indicat
ing recognition of cell surface structures. However, the patterns
and distribution of fluorescent staining observed were different
for each antibody. MoAb S3-15 stained a small proportion of
the cells, whereas S3-41, S3-53, and S3-60 stained the entire
cell population. As shown in Fig. 2, A to C, S3-60 fluorescence
had a speckled membrane distribution, while S3-41 and S3-53
displayed a more contiguous, linear membrane pattern. The
reactivity of MoAb S3-110 was heterogeneous: it ranged from
very bright to dull staining and was mostly localized at the
dendritic intercellular bridges and at the surfaces of cell villi
(Fig. 20).

Immunochemical Characterization of Antigens. In order to
assess the chemical nature of the antigens recognized by these
six MoAbs, FG cells were radiolabeled by incubation with either
L-[3H]leucine or [3H]glucosamine, detergent solubilized, and
then subjected to immunoprecipitation with MoAb immuno-
sorbents. SDS-PAGE analyses of the eluted materials followed
by autoradiography indicated that, except for S3-15, every
MoAb precipitated a different protein antigen (Fig. 3). Thus,
S3-23 recognized two bands of M, 116,000 and 45,000, which
could not be labeled with [3H]glucosamine. S3-41 also recog
nized a doublet, with M, 205,000 and 135,000, both glycosy-
lated since they incorporated [3H]glucosamine. In some cases,
a M, \ 16,000 coprecipitated with the S3-41 bands (Fig. 3); this
band was nonspecific, since it could be removed by preabsorp-
tion with control immunosorbents.

S3-60 showed a single band with Mr 38,000, that was weakly
glycosylated (Fig. 3). Highly glycosylated proteins were recog
nized by S3-53 and S3-110, with M, 140,000 and 150,000,
respectively (Fig. 3). In addition, a strong diffused band at M,

Table 3 Reactivity of monoclonal antibodies with fresh frozen nonmalignant pathological human tissue sections by immunoperoxidase staining

S3-15Pancreas

(chronicpancreatitis)Acini
â€”"â€”DuctsIslets

ofLangerhansPancreas

(SLE)*Acini
â€”DuctsIslets

ofLangerhansUterus

(leiomyoma)Ovary

(fibroadenoma)â€”Endometrium

(hyperplastic)-Prostate

(hyperplastic)Upper
layers of epitheliumâ€”Basal

layers of epithelium-Basement
membrane 2+S3-231+

1+â€”â€”--2+1+--2+4+4+â€”S3-412+-fâ€”_e--3+â€”4+4+S3-532+1+4+â€”â€”3+

4+ 4+4+2+4+3+3+â€”S3-602+4+â€”â€”-4+1+2+1+4+â€”-S3-1102+2+â€”_-3+-3+ 1+-1+1

+â€”-

" See legend to Table 2.
* SLE, systemic lupus erythematosus.
' Basement membrane staining.
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Table 4 Reactivity of monoclonal antibodies with fresh frozen normal human tissue sections by immunoperoxidase staining

S3-15 S3-23 S3-41 S3-53 S3-60 S3-110

Esophagus
Stratified squamous epithelium

Upper layers -' 1+ - 3+ 4+ 1+
Basal layers 4+ - 4+ 4+

Basement membrane 4+ â€” 4+ â€” â€” â€”

Stomach
Gastric pits â€” â€” â€” 3+ â€” â€”
Gastric glands

Parietal cells - 4+ - 2+
Chief cells 1+ - 2+

Lamina propria â€” â€” â€” 1+ 2+ 1+

Small Intestine
Jejunal epithelium - - - 2+ - -
Heal epithelium - - 3+ 3+ 3+
Basement membrane - - 4+ - - -

Large Intestine
Colonie epithelium â€” â€” â€” 1+ â€” â€”
Crypts of LieberkÃ¼hn - - - 1+ - -
Basement membrane â€” â€” 4+ â€” â€” â€”
Lamina propria â€” â€” â€” 1+ 3+ â€”

Liver
Parenchyma â€”3+ â€”
Bile ducts - 1+ - -3+- - 3+ - - 2+ -

Pancreas (adult)
Acini 4+4+4+3+ 1+
Ducts -4+ -2+ Â»-

Islets of Langerhans

Pancreas (fetal)
Acini â€” â€” â€” 4+ â€” â€”
Ducts -* 4+ - 4+
Islets of Langerhans - - - - - -

Thymus
Cortex - -
Medulla - - - -

Lymph node
Nodules â€” â€” â€” â€” â€” â€”
Germinal centers â€” â€” â€” 1+ â€” â€”

Spleen
White pulp -
Red pulp - 1+1+ 2+2+

Kidney (adult)
Glomeruli 4+4+â€”
Proximal tubules
Distal tubules

Kidney (fetal)
Glomeruli - 1+ - 3+ 3+
Proximal tubules - 1+ 1+ 3+ - 1+
Distal tubules - - - 3+ - -

Cervix
Columnar epithelium -1+ -1+ 4+3+ 4+4+

Basement membrane 3+3+ 4+4+ â€”4+
Squamous epithelium

Upper layers 3+4+ 3+3+ 4+ 4+ 3+ 3+
Basal layers 3+3+ 1+1+ 4+4+ 4+4+ 1+1+
Basement membrane 4+4+ 4+4+

Uterus
Endometrium 1+- 3+2+ 3+-
Myometrium 4+2+ 4+â€”

Ovary
Cortex - - - - - -
Medulla

Breast
Lobule 2+2+ 4+ 2+ 4+ 4+ 3+ 3+ - 3+
Duct 2+ 4+ 4+ 3+ 4+ 4+ 3+ 3+ - 3+
Basement membrane 4+4+ 4+4+ 4+4+

Lung (adult)
Parenchyma 2+2+â€” â€”4+4+ â€”1+ â€”

Lung (fetal)
Parenchyma - 1+ - 3+ 3+ -
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MoAbs TO PANCREATIC CANCER

Table 4 Continued

ThyroidEpithelial
cellsColloidCerebrumCortexCerebellumGranular

layerMolecular
layerPurkinje

cellsPlantar

skinStratum
corneumStratum
granulosumStratum
spinosumStratum
germinativumBasement

membraneS3-

15S3-23â€”

â€”â€”
â€”3+2+2+3+-

-â€”
â€”â€”

â€”3+
1+4+S3-41â€”â€”--â€”â€”â€”â€”1+3+4+S3-531+-3+-2+2+3+3+3+4+4+S3-601

+---â€”-4+4+2+1+-S3-110_-3+2+2+3+__1+1

+1
+

Â°See legend to Table 2.
'' Basement membrane staining.

Fig. 2. Indirect immunofluorescence staining patterns of viable FG cells. A, MoAb S3-60; B, MoAb S3-53; C, MoAb S3-41; D, MoAb S3-110; and E, myeloma
supernatant P3X63Ag8. Original magnification, x 630.

> 400,000 was present in S3-110 immunoprecipitates (Fig. 3),
representing a highly glycosylated form of the M, 150,000
molecule.

DISCUSSION

We have produced six murine MoAbs directed to distinct
antigenic determinants associated with HPC cells. In this paper
we report the initial characterization of these antibodies, in
cluding their patterns of reactivity with human tumor cell lines
in culture, normal and neoplastic human tissues, as well as the
partial Â¡mmunochemical analyses of the antigens recognized.

The reactivity of the six monoclonal antibodies with human
tumor cell lines in culture was studied in a solid-phase ELISA
(Table 1). As a general rule, all antibodies reacted with the
majority of tumor cell lines of epithelial derivation. Three of

the antibodies (S3-23, S3-53, S3-60), however, were also reac
tive with cells of mesodermal and neuroectodermal origin. No
significant reactivity was observed with leukemic and lymphoid
cell lines and RBC.

The tissue distribution of the antigens recognized by the six
monoclonals was studied by immunoperoxidase staining of
frozen tissue sections (Tables 2 to 4). Of the six antibodies,
only S3-23 and S3-53 reacted with every HPC specimen tested
(Table 2). The remaining antibodies were negative with two or
more of the seven HPC specimens examined. Further, in vir
tually all cases not all tumor cells in an HPC tissue specimen
were stained. Although the panel of HPC tissues we tested was
somewhat limited due to the scarcity of such specimens, these
results support the possibility of considerable antigenic heter
ogeneity of pancreatic cancer cells.

One of the MoAbs, S3-53, was not only reactive with ductal,
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MoAbs TO PANCREATIC CANCER

A B
Fig. 3. SDS-PAGE analysis of immunoprecipitates obtained by reacting in

dicated MoAbs immunosorbents with detergent extracts of FG cells labeled with
either [3H]leucine (A) or [3H)glucosamine (B). Migration of molecular weight
standards (Bio-Rad. Richmond, CA) for Gels A (10% polyacrylamide) and B
(7.5% polyacrylamide) is shown in the center.

but also acinar cell HPC (Table 2). Although only one case of
the latter tumor type could be tested because of its rarity, this
cross-reactivity may reflect an antigenic relationship between
pancreatic ducts and acini during tumor development (Ref. 14;
and see below). Among other tumor types tested, neoplasms of
the upper and lower GI tract (Table 2) were the most consis
tently reactive. However, reactivity with neoplastic tissues from
several other sites was also present.

Within the tissue panel tested some antibody reactivity pat
terns are worth noting. MoAbs S3-15 and S3-41 characteristic
ally stained basement membranes of several malignant and
certain normal epithelia (Tables 2 to 4). These basement mem
brane antigens may be synthesized by either stromal cells re
sponding to tumor invasion, or by the tumor cells themselves.
The latter possibility is more likely, since tumor cells distant
from the basement membranes were often stained in the frozen
sections (Table 2; Fig. ID). The S3-15 and S3-41 antigens were
also present in the basal cell layers of certain normal epithelia
(Table 4). Hence, they may be early differentiation antigens of
epithelial cells that are reexpressed upon malignant transfor
mation. MoAbs S3-23, S3-53, and S3-60 exhibited a "pancar-
cinoma/melanoma" type of reactivity (Table 2). However, while

S3-53 and S3-60 reacted strongly with most neoplasms regard
less of their degree of histolÃ³gica! differentiation and, within
each tumor, stained the vast majority of the cells, S3-23 did
not stain poorly differentiated neoplasms. Moderate to well-
differentiated adenocarcinomas, instead, exhibited intense
staining of tumor cells by S3-23, particularly at their luminal
surfaces. The luminal contents were also stained (Fig. I//),
suggesting that S3-23 may be an actively secreted antigen.

In order to determine the degree of tumor specificity of these
monoclonal antibodies, they were extensively tested with nor
mal and nonmalignant pathological human tissues (Tables 3
and 4). In general, very faint and occasional reactivities were
observed with defined areas of normal adult and fetal tissues,

benign tumors, and inflammatory tissues, thereby confirming
the tumor-associated nature of the antigens identified by the
panel. Two of these tumor markers, S3-53 and S3-110, were
expressed on fetal but not adult pancreatic tissues, thus quali
fying as possible oncofetal antigens.

It is remarkable that MoAb S3-53 stained both the ductal
and acinar cells of fetal pancreas. In the adult pancreas, ductal
cells had lost their reactivity with S3-53, but had regained it in
the cases of chronic pancreatitis and HPC tested. Acinar cells,
instead, always remained positive. Parsa et al. (14) recently
addressed the controversy over the ductal or acinar origin of
tumor cells in HPC by describing monoclonal reagents that
distinguish between ductal and acinar cell antigens. Since S3-
53 appears to detect an oncofetal antigen shared by these cells
at some developmental stages, it may contribute to better eval
uating the role of ductal metaplasia in pancreatic carcinÃ³geno
sis.

Immunoprecipitation of the metabolically labeled HPC cell
line, FG, indicated that the antigenic determinants recognized
by each of the monoclonals, with the exception of S3-15, are
carried by protein molecules (Fig. 3). In the case of S3-41, S3-
53, S3-60, and S3-110 these proteins are also glycosylated, so
that it remains to be determined whether the recognized epi-
topes are expressed by the protein or the glycan part of these
molecules. Additional work will also be necessary to determine
the make-up of the molecules reactive with S3-23, S3-41, and
S3-110 since the MoAbs precipitated more than one band on
SDS-PAGE (Fig. 3). Comparison of electrophoresis under re
ducing and nonreducing conditions (not shown) indicated that,
in all cases, these bands were not disulfide bridged.

In the case of S3-15, no bands were visualized from inumi
noprecipitations of FG cells. However, we recently obtained
evidence that the antigen recognized by S3-15 is also a protein
(Mr 150,000), by immunoprecipitation of epidermal cell lines
that express this antigen in large amounts.5

On the basis of their tissue distribution and molecular
weights, the HPC-associated antigens we here describe do not
show any obvious resemblance to any others previously reported
in the literature (15-19). A possible exception is a basement
membrane antigen recognized by MoAb C54-0 (18). Two of
our monoclonals, S3-15 and S3-41, also recognize basement
membrane antigens. Their distribution on neoplastic and nor
mal human tissues, however, is different from that of C54-0.
The latter antibody precipitates a M, 120,000 glycoprotein; it
remains to be seen whether this is in any way related to the M,
135,000 and M, 150,000 glycoproteins recognized by S3-41
and S3-15, respectively.

There are presently three reports of monoclonal antibodies
to HPC-associated antigens that are mucin-like glycoproteins
(19-21). The data shown in Fig. 3 indicate that, with the
possible exception of S3-110, the MoAbs described in this study
do not recognize molecules of such nature. It is possible that
our immunizing cell line and/or immunizing protocol has in
troduced biases in favor of protein antigens.

In conclusion, the MoAbs described herein will hopefully
prove useful to better understand the biology of HPC and
improve the diagnostic and therapeutic strategies for this dis
ease.
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