
(CANCER RESEARCH 47, 3873-3879, July 15, 1987]

A Common Epithelial Cell Surface Antigen (EPM-1) on Gastrointestinal Tumors
and in Human Sera1

Wolfgang G. Dippold,2 Helga Bernhard, Reinhard Klingel, Hans-Peter Dienes, GÃ¼ntherKrÃ¶n,Birgit Schneider,
Alexander Knuth, and Karl-Hermann Meyer zum BÃ¼schenfelde

/. Medizinische Klinik [W. G. D.. H. B., R. K., G. K., B. S., A. K., K-H. M. 2. B.], Institut fir Pathologie Â¡H-P.D.], Johannes Gutenberg UniversitÃ¤t,D-6500 Mainz,
Langenbeckstr. l, West Germany

ABSTRACT

A common epithelial cell surface marker (EPM-1) was defined by two
monoclonal antibodies (Pa-25 and Pa-42), raised against a pancreatic
tumor cell line (Capan-1). Both monoclonal antibodies were tested on 49
cultured human cell lines and 244 tissue samples and reacted with all 76
tissue samples of 20 different normal epithelial cell types and with 57 of
63 epithelial tumor tissue samples of nonendocrine origin. Included were
eight exocrine pancreatic carcinomas. There the percentage of EPM-1
positive tumor cells correlated with tumor grading. EPM-1 was detectable
on the cell surface of cultured human cell lines of the pancreas, liver,
colon, and mamma. Some epithelial tumor cell lines did not express
EPM-1 on the cell surface, but in the cytoplasm. 100 nonepithelial and
epithelial endocrine tissue samples as well as 25 nonepithelial cultured
tumor and normal cells were unreactive with monoclonal antibodies Pa-
25 and Pa-42. These included cells of neuronal, endocrine, and mesen-
chymal origin. EPM-1 activity was purified from pancreas tumor cells
Capan-1 and from human sera by high-performance liquid chromatog-
raphy and its molecular weight amounts to about M, 400,000. EPM-1
was detectable in bronchial, intestinal, and pancreatic secretions and
saliva and serum by an enzyme-linked immunosorbent assay test. EPM-
1 values were high in the sera of normal individuals, but low or not
detectable in most sera (21 of 31) of patients with gastrointestinal tumors.

EPM-1 represents a novel differentiation marker for epithelial cell
types, which should have a central role in the biology of normal and
tumorous epithelial cells.

INTRODUCTION

Defining the cell surface phenotype of human tumor cells
and the antigenic changes which accompany malignant trans
formation remains a central concern of tumor immunology.
Serological approaches to these issues have been vastly
strengthened with the advent of hybridoma technology (1).

The antigenic phenotype of gastrointestinal tumors, in par
ticular of pancreatic cancer, is still incomplete and diagnosis
and therapy continue to be frustating in most cases. Pancreas
cancer-associated antigens have been described by a number of
research groups, employing heteroimmune sera (2-10). A more
extensive analysis of pancreatic tumor antigens has now begun,
using monoclonal antibodies (10-19).

Here we report on a novel marker for normal and malignant
cells of the exocrine pancreas, which represents a cell surface
antigen, restricted to epithelial cell types.

MATERIALS AND METHODS

Development of Monoclonal Antibodies Pa-25 and Pa-42. BALB/c
mice were immunized biweekly with 1.5-3 x IO7mechanically scraped

tumor cells of the cultured human exocrine pancreatic tumor cell line
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Capan-1 (20). Freund's adjuvant (0.5 ml) was added to the tumor cells

for the first immunization only. The mice were immunized four times
i.p. and in addition i.v. the last time. Monoclonal antibodies were
generated as described (21). Culture supernal ant s of hybridomas were
screened initially on a panel of 14 cultured human cell lines (22-25):
two pancreas (Capan-1, ASP), two colon (HT-29, SW-1083), two
kidney (SK-RC-6, 7), two lung cancers (SK-Lu-3, 12), two melanomas
(SK-MEL-28, 37), two astrocytomas (AJ, AN), and on normal fibro-
blasts and kidney epithelium cultures. Cells were tested live and fixed
by several fixatives: acetone/methanol (2/1), 3.3% formaldehyde, and
0.8% glutaraldehyde. Two hybridoma cultures (Pa-25 and Pa-42) re
acted with live and acetone/methanol-fixed pancreatic tumor cells
(Capan-1, ASPC) only. They were cloned by limiting dilution (1 cell/
well, three times) and the antibodies selected for additional testing.
Large batches of antibodies Pa-25 (IgM) and Pa-42 (IgM) were col
lected, and used at an Ig3 concentration of 250 /ig/ml for final analysis

on a panel of 48 cultured tumor and normal cell types and 244 fresh
frozen tissue samples. In vitro cultured cells were tested by indirect
immunofluorescence and in some instances by indirect immunoperox-
idase also. As second antibody fluorescein isothiocyanate-labeled Rah) -
rabbit anti-mouse Ig, diluted 1/20 (Cappel Laboratories, PA) was used.
Absorption tests were performed, as described (21).

Most of the cultured cell lines were obtained from Dr. L. Old and
Dr. J. Fogh of the Memorial Sloan-Kettering Cancer Center, in New
York, the biliary carcinomas Mz-ChA-1,2 (26) and the liver cell carci
noma Mz-Hep-1 (27) have been established recently in our laboratory.

Immunocytochemical Analysis. Fresh frozen tissue sections (5 ^m)
were stained with Pa-25 and Pa-42 by an indirect immunoperoxidase
method and counterstained with Mayer's hemalum solution (28). Three

different immunocytochemical methods had been tested initially (28)
for sensitivity and specificity. The indirect immunoperoxidase method
had been as sensitive as two other immunohistochemical methods (IgG-
biotin, avidin-peroxidase; alkaline phosphatase anti-alkaline phospha-
tase) with less unspecific staining in our experience. Immunoelectron
micrographs of tissue were performed as described (29). Monoclonal
antibodies to the mouse lymphocyte antigens Lyt 1.1 (IgM), l.yt 2.2
UÃO:,,)and the monoclonal antibody R-24 OKI <)to ganglioside GD] on
neuroectodermal tumors (21, 28) served as negative controls.

EPM-1 Antigen ELISA. For the detection of antigen in body fluids
and serum samples an ELISA test was developed. Serially diluted
untreated and c/m (2:l)-treated secretions were tested. Because back
ground values were lower in c/m-treated samples in the initial tests,
only c/m-treated samples were examined. In the case of c/m-treated
secretions equal volumes of secretions and c/m were mixed. The phases
were separated after centrifugation at 40 g, and 50 Â¿tlof the top layer,
appropriately diluted in H2O, was coated to microfluor 'w' plates

(Dynatech, Alexandria, VA) and exsiccated. In the case of human serum
samples four parts and nine parts of c/m, respectively, were added to
one part of serum. In order to reduce nonspecific binding, plates were
rehydrated with 200 n\ phosphate buffered saline + 5% BSA for 20 h,
then 50 u\ mAb (250 Â¿ig/ml)were incubated for 2 h at 4"C. Following

two washes of Vi h each with PBS + 0.1 % BSA, 100 Mlof 0-galactosid-
asc labeled F(ab)2 rabbit anti-mouse antibody (Zymed, CA), appropri
ately diluted (1:500) in RPMI + 5% human serum albumin were
incubated for 45 min. 4-Methylumbelliferyl-/3-D-galactoside (200 n\) (1

3The abbreviations used are: Ig, immunoglobulin; ELISA, enzyme-linked
immunosorbent assay; c/m, chloroform/methanol; BSA, bovine serum albumin;
PBS, phosphate buffered saline; CHAPS, 3-[(3-cholamidopropyl)dimethyl-
ammonio]-l-propanesulfonate; SDS. sodium dodecyl sulfate; HPLC, high-per
formance liquid chromatography: mAb, monoclonal antibody.
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mg dissolved in 59 ml PBS, pH 6.9; Sigma, St. Louis, MO) were added
to the washed plates and incubated for another 30 min at 37Â°C.

Afterwards the samples were evaluated in a Dynatec microfluor reader.
The sera of normal healthy individuals were taken from hospital

employees at a routine health examination with their consent. The
tumor sera were obtained from tumor patients of the I. Medical Clinic,
Mainz, W. Germany.

Biochemical Characterization of EPM-1. Heat sensitivity of the an
tigen recognized by antibodies Pa-25 and Pa-42 was performed as
described (16). Absorption capacity of a 30-^1 cell pellet of live and
boiled Capan-1 cells was tested on Capan-1 pancreatic tumor cells,
using appropriately diluted niAh Pa-25 and Pa-42 (two dilutions below
the endpoint of reactivity). To determine if carbohydrate structures
were involved at the antigenie site, bronchial lavage fluids and Capan-
1 tumor cells were treated by periodate oxidation (30) and absorption
was determined on Capan-1 target cells. As positive controls heat labile
melanoma antigens and the corresponding antibodies were used (21).
Neuraminidase sensitivity was tested on acetone/methanol-fixed Ca
pan-1 cells as described (31).

Glycolipids were extracted from Capan-1 tumor cells as described
(31). Neutral and acidic glycolipid fractions were applied to silica gel
plates (Merck, Darmstadt, W. Germany) and immunostained according
to a modification of the method of Magnani et al. (32), using peroxidase
labeled rabbit anti-mouse (Dakopatts, Roskilde, Denmark) as second
antibody.

Solubilization of bronchial lavage fluid and Capan-1 tumor cells (2
x IO5cells) were performed with seven different solvents at concentra

tions of 0.1% and 0.5% in 0.1 M Tris, pH 7.2 (Tris buffer): CHAPS
(Sigma, St. Louis, MO); Nonidet P-40 (octylphenol ethylene oxide),
Sigma; deoxycholate (3a,12a-dihydroxy-5/3-cholanic acid sodium salt)
Fluka AG, Buchs, Switzerland; Lubrol W-1 (polyoxyethylene ether)
Sigma; Tween 80, Roth, Karlsruhe, West Germany; SDS and Triton
X 100, Serva, Heidelberg, West Germany. Human serum samples
extracted three times by c/m (see above) and Capan-1 cells, soiubilized
by 0.1% CHAPS, were applied to agarose columns (SuperÃ³se TM-12
and TM-6; Pharmacia), separated according to size by HPLC with
phosphate buffered saline and I-ml fractions tested for Pa-25 and Pa-
42 antigenie activity by ELISA tests. Molecular weight standard pro
teins were purchased from Biorad and Serva (Munich, Heidelberg,
West Germany).

Immunoprecipitation Procedures. Capan-1 cells (2 x IO6)were labeled
as follows: (a) metabolic incorporation of 50 Â¿iCi[uC]glucosamine (309
mCi/mmol; Amersham) and 50 Â¿tCi[MCJmannose (275 mCi/mmol;
Amersham); (b) 100 nCÃ 1̄4C-labeled essential amino acids (0.1 mCi/

ml; Amersham) in 10 ml minimal essential medium containing 10%
fetal bovine serum for 72 h.

The labeled cells were scraped mechanically from the culture dishes,
washed twice with 10 ml phosphate buffered saline and extracted by
0.1% CHAPS in 0.1 M NaCl/0.01 M Tris, pH 7.2 (Tris buffer) contain
ing trasylol and trypsin inhibitor. The solution was ultrasonicated for
1 min and clarified by cent ri fugai ion at 10,000 x g for 10 rain. Two-
hundred tÂ¡\were filtered through a 0.22-;<ni filter and seperated by
HPLC, using an agarose column (Pharmacia, SuperÃ³seTM-12), mAb
reactive fractions (1 ml) were collected and a 400-/il extract was used
in immunoprecipitation experiments. Immunoprecipitation was carried
out by mixing 400 n\ of the mAb positive fractionated cell extract with
1 and 5 p\ of mouse antibody overnight. The following day, 5 Â¿tlof
rabbit antimouse Ig (Dako, Roskilde, Denmark) serum were added (1
h at 4Â°C).Immune complexes were isolated by using Protein-A sepha-

rose (Pharmacia) and the labeled components were detected by SDS/
polyacrylamide gel electrophoresis and fluorography as described (21).
Molecular weight standard proteins (I4C labeled) were: myosin (M,
200,000), phosphorylase-b (M, 92,500), bovine serum albumin (M,
69,000), ovalbumin (M, 46,000), carbonic anyhdrase (M, 30,000), and
lysozyme (M, 14,200) purchased from Amersham. The extraction buffer
(pH 7.4) was: 6.25 ml l M Tris-HCl (pH 7) + 23 ml 20% SDS + 70
ml H2O.

RESULTS

tested on a panel of 48 established human cell lines (31 epithe
lial cancers, six melanomas, three astrocytomas, one neuroblas
toma, four B- and T cell lines) and on early cultures of adult
kidney epithelium, skin iibroblasts. and T-cells. The cells were
tested live and fixed by ace tone/m el Hanoi (2/1). Both mAbs
(Pa-25 and Pa-42) showed the same pattern of reactivity (see

Table 1). They reacted with cell surface structures on 9 of 31
epithelial cancer lines (pancreas: Capan-1,2, Colo-357; colon:
SK-Co-12, SK-CO-13; liver: Mz-Hep-1, PLC/PRF/5; mamma:
SK-BR-3, MCF-7). After fixation with acetone/methanol these

and six other epithelial cancer cell lines revealed positive stain
ing. Fifteen cell lines of nonepithelial origin (testis, melanoma,
astrocytoma, neuroblastoma, B- and T-cell lines) peripheral
blood leukocytes, and early cultures of iibroblasts and kidney
epithelium did not react. Red blood cells of A, B, AB, and O
types proved to be negative by absorption analysis, tested on
Pa-25 and Pa-42 positive Capan-1 tumor cells. In addition to
sera of nude mice, growing Pa-25 and Pa-42 hybridomas,
concentrated tissue culture supernatants (250 jig/ml) as the
antibody source were tested and revealed the same pattern of
reactivity (titers, l/l to 1/8).

1mmunocy tuchemical Characterization of mAbs Pa-25 and Pa-
42. The tissue distribution of mAbs Pa-25 and Pa-42 was
evaluated in 244 fresh frozen human tissue sections. Reactivity

Table 1 MAb Pa-25 and Pa-42 reactivity with in vitro cultured human cells
Serum titers of nude mice, growing hybridomas Pa-25 and Pa-42, diluted up

to 1/800 and tested by indirect immunofluorescence.

Analysis of Pa-25 and Pa-42 mAbs on Cultured Human Tumor
Cells. The serological specificity of Pa-25 and Pa-42 mAbs was

CellsPancreasCapan-

1Capan-2,
Colo-357ASPC-1Bile

tractMz-ChA-1,
Mz-ChA-2SK-BL-1ColonHT-29,

SK-CO-10,SW-1083SK-CO-11SK-CO-12,13LiverMz-Hep-1,

PLC/PRF/5SK-Hep-1MammaSK-BR-3MCF-7AlAb,

BT-20LungSK-LU-14Mz-Lu-l,SK-LU-3,12RenalSK-RC-6,7,9,11Cervical

ME-180Bladder
T-24Testis

SK-GR-1MelanomasSK-MEL-19,28,29,37,61,64Astrocytomas

SK-AJ, AS,ANNeuroblastoma
SK-NHCLymphoblastoid

cellsT-cell:
T-45EBV-Bcell:

1,2Normal

cellsFibroblasts
1,2Kidney
epitheliumT-cells,

PBL 1,2Live"1/2001/50000001/2001/5001/501/50000000000000000TiterFixed*1/4001/1001/501/100001/2001/2001/5001/1001/40001/500000000000000

* Live cells tested without fixation, cell surface antigens are detected.
* Cells fixed by acetone/methanol (2/1) for 15 min.
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Fig. I. Itnmunohistochemical staining
with mAb Pa-25 and Pa-42. A, exocrine pan
creatic tissue Pa-25 and Pa-42 positive, islet
cells negative (Magnification x 120); lÃ¬.Pa-25
and Pa-42 staining of the basal cells in the
epidermis (Magnification x 120); C, duodenal
epithelium Pa-25 and Pa-42 positive (arrows)
(Magnification x 120) by light microscopy; I).
duodenal microvillous Pa-25 and Pa-42 posi
tive (arrow) by immunoelectron microscopy
(Magnification x 19,000).

Table 2 Specificity analysis ofEPM-1 (Pa-25 and Pa-42) on normal human
tissues

Tissue Reactivity"

-H-

Epithelial
Exocrine pancreas (4), salivary glands (2)
Tongue (1), esophagus (1), stomach (7)
Duodenum (2), colon (3)
Bile duct, and bile bladder (2)
Liver (6)
Bronchial epithelium (2)
Mamma (3), uterus (1), ovary epithelium (2)
Prostata (1), kidney (2), urinary bladder (1)
Ureter (1), urethra (1)
Epidermis (25), sweat gland (5), sebaceous gland (5)
Thy mic epithelium (1)

Endocrine
Pancreas (4), adrenals (2)
Thyroid (1), parathyroid (1)

Neural
Cerebrum (2), cerebellum (1)
Peripheral nerve (2), nevi (7)

Hematological cells and tissue
Thymic lymphocytes (1), lymph nodes (10)
Tonsil (2), spleen (2), bone marrow (2)
Leukocytes (2), red blood cells (A, B, and O)
T-cells (2), B-cells (2)

Muscle
Smooth (6), skeletal (4)

Connective (10), fat (5)
Testis (2), epididymis (2), ductus deferens (1)

" Pa-25 and l'a 45 reactivity was evaluated as degree of staining: ++, strong
(dark red); +. positive (red); -, no staining. Tissue culture supernatant, concen
trated 5/1, was used as antibody source.

* Numbers in parentheses, number of different specimen tested.

was confined to normal and tumorous epithelial tissue samples.
All 76 tissue samples of 20 different normal epithelial cell types
and 57/63 epithelial tumors, including eight exocrine pan
creatic carcinomas were stained with mAbs Pa-25 and Pa-42

(Fig. 1 and Table 2). Positive normal tissue types included

Table 3 MAb Pa-25 and Pa-42 reactivity with human tumor tissues
The percentage of Pa-25 and Pa-42 positive tumor cells in a tumor section;

Pa-25 and Pa-42 reactivity in positive tissue samples ranged from positive (+) to
strongly positive (++) (see Table 2, legend). The mean percentage of positive cells
in most tissue samples was 60-80%.

TumorEpithelialPancreas

(8 of8)Biliary
tract (6 of6)Liver

(1 of2)Esophagus
(2 of2)Stomach

(12 of12)Colon
(17 of18)Mamma

(7 of8)Bronchus
(1 of1)Kidney

(1 of3)Urethra!
(1 of1)Ovary

(2 of 2)mAb

Pa-25/Pa-42
staining(%)10-10010-1005030-8010-10010-10010-9030105010-80

Nonepithelial
Melanoma (19 of 19), Sarcoma (3 of 3),
chondroma (1 of 1), seminoma (1 of 1),
insÂ»linciniu(1 of 1), schwannoma (1 of 1)

"-, no staining.

gastrointestinal, bronchial, and urogenital epithelia: the exo
crine pancreas, salivary glands, oesophagus, stomach, duo
denum, colon, bronchus, bladder, ureter, urethra, prostata,
uterus, breast, surface epithelium of the ovary, tubular epithe
lium of the kidney, the stratum basale of normal epidermis
including sweat glands, and the germinative cells of sebaceous
glands. The central parenchyma of sebaceous glands however
was Pa-25 and Pa-42 negative. Epithelial cells of the thymus

also expressed the antigen. The bile ducts in six tested liver
specimens showed a particular strong reactivity while the stain
ing intensity of hepatocytes varied, some groups staining posi
tive, others negative. In regard to normal pancreas, the complete
exocrine parenchyma including pancreatic ducts were Pa-25
and Pa-42 positive. This was also observed in normal breast
tissue and salivary and sweat glands. The staining pattern of
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Fig. 2. Immunohistochemical staining of a
pancreatic carcinoma:. I, positive staining with
mAb Pa-25 and Pa-42 (Magnification x 120);
B, negative control with mAb Lyt 1.1.

*81 ,\

the various normal epithelial tissue types with Pa-25 and Pa-
42 was different. Epithelia of the oesophagus, stomach, bron
chus, bladder, and uterus showed a more homogeneous staining.
In the case of normal duodenum and colon, reactivity was
confined to the cryptai areas which revealed pronounced apical
staining (Fig. 1, b and c). This distinct apical surface reactivity
was particularly evident in immunoelectron micrographs of the
duodenal microvilli (Fig. Id). Pa-25 and Pa-42 negative were
the goblet cells in the duodenum and colon.

Heterogeneity of EPM-1 antigen expression was observed in
all types of Pa-25 and Pa-42 positive tumors (Table 3). The
percentage of EPM-1 antigen expression correlated well with
the histolÃ³gica! grading in the case of eight pancreatic tumors.
The five highly and moderately well-differentiated tumors re
vealed a high percentage (80-100%) of EPM-1 positive tumor
cells (Fig. 2) and the three poorly differentiated tumors a low
percentage (10-20%) of EPM-1 positive tumor cells. A similar
clear correlation of EPM-1 reactivity and grading was not
observed for colon cancer. EPM-1 positive tumors showed a
pronounced apical staining in the cytoplasm and in luminar
spaces free of cellular structures.

All nonepithelial normal tissue samples (78 specimens) tested
were unreactive with both mAbs. These included endocrine
tissues like the islets of Langerhans in the pancreas, the adrenal,
the thyroid, and parathyroid glands, and tissues of mesoderma!
and neuroectodermal origin, like the pleura (see Table 2). To
exclude blood group specificities not only A, B, and O type
human erythrocytes were tested by absorption tests, but also
purified preparations of human blood groups A, B, and O, Le"

glycoproteins, and pneumococcal XIV polysaccharide (pro
vided by Dr. Kabat, New York) and proved to be negative in
inhibition tests. Unreactive were also tumor tissues derived
from 19 melanomas, three sarcomas, one chondroma, one
insulinoma, and one schwannoma. In regard to embryonic
tissues (12 weeks after gestation) structures of the intestine,
lung, liver, and thymus reacted with antibodies Pa-25 and Pa-
42; samples of kidney, spleen, cerebrum, and cerebellum did
not.

Biochemical Characteristics of EPM-1. Antigen EPM-1 was
found to be associated with a heat-stable molecule, which was
sensitive to periodate treatment, as determined by absorption
tests with boiled and periodate treated Capan-1 cells and bron
chial lavage fluid. Furthermore the antigen proved to be resist
ant to neuraminidase. Because EPM-1 activity was not de
stroyed, by treatment with trypsin, chymotrypsin, and papain
tested by ELISA on bronchial lavage fluid, and no specific
bands were obtained on immunoblots after SDS-polyacrylamide
gel electrophoresis of Nonidet NP-40 Capan-1 extracts, a gly-
colipid molecule was conceptionalized. Glycolipids were ex
tracted from Capan-1 pancreatic tumor cells and immunostain-
ing with neutral and acidic glycolipid fractions was performed

revealing negative results with antibodies Pa-25 and Pa-42.
Bronchial lavage fluid and Capan-1 cells were then solubili/ed
by seven different solvents (CHAPS, Deoxycholate, Nonidet P-
40, Lubrol, Tween 80, SDS, and Triton X-100) and tested for
EPM-1 activity with mAbs Pa-25 and Pa-42 in the described
ELISA test. Highest EPM-1 activity was obtained with 0.1%
CHAPS. These values were comparable to material resus-
pended with PBS alone or extracted by chloroform/methanol.
Higher concentrations of CHAPS (0.5, 1, and 2.5%) resulted
in a drop of antigenic activity. Therefore Capan-1 pancreatic
carcinoma cells (1 x IO7) solubilized by 0.1% CHAPS and

human serum samples (200 ÃŸ\)extracted three times by c/m
(ratio of c/m to serum, 9/1), were fractionated over agarose
columns by HPLC. Corresponding peaks of EPM-1 activity,
tested by the ELISA, were obtained from both the cell and
serum extract (Fig. 3) at a molecular weight around the myosin
standard (M, 200,000).

Finally Capan-1 tumor cells were metabolically labeled by
[14C]mannose, [14C]glucosamine, and [l4C]essential amino acids

and the solubilized extracts (CHAPS 0.1%) fractionated by
HPLC. The mAb Pa-25 and Pa-42 positive fractions were
precipitated by mAb Pa-42 and rabbit anti-mouse antibody. The
molecular size of the EPM-1 molecule was calculated to be
about M, 400,000, according to SDS-polyacrylamide gel elec
trophoresis (Fig. 4, EPM-1 labeled by glucosamine and man-
nose; EPM-1 labeled by essential amino acids, not shown).

EPM-1 Antigen in Human Body Fluids. An ELISA test was
employed, to look for EPM-1 activity in human body fluids.
These were tested untreated and extracted by chloroform/
methanol first. Antigenic activity was retained in the upper
phase after extraction with c/m and centrifugation in six of six
samples of bronchial lavage fluid, three of three colonie secre
tions, five of five samples of human saliva, three of three of
normal human pancreatic fluid, and 24 of 24 normal human
serum samples (Table 4). The samples however did not react
with a number of control antibodies (Lyt 1.1, IgM; Lyt 2.2
Ig72.; R-24 Ig-yj).

On the basis of these results and in connection with the
enrichment of EPM-1 antigen by HPLC a semiquantitative test
was established. Human serum (100 /.<!)was extracted with
increasing amounts of c/m (2/1). After each extraction proce
dure an upper phase, a protein ring, and a lower phase became
visible. This lower phase was also tested for EPM-1 activity
and proved to be negative. The protein ring was resuspended
with 100 fil H'O and extracted several times, to obtain all
EPM-1 activity from the serum sample. The upper phases were
collected and tested for EPM-1 activity. The yield of EPM-1
activity increased with the proportion of c/m to serum. The
same serum sample was extracted with 4/1 c/m and 9/1 c/m
as shown in Table 5. The complete EPM-1 antigen amount was
obtained after three extractions at a c/m to serum ratio of 9/1
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Fig. 3. A, Pa-25 and Pa-42 antigenic activity (bar) after HPLC-fractionation

of Capan-1 cells on a SuperÃ³se TM-12 agarose column, solubilized by 0.1%
CHAPS. B, Pa-25 and Pa-42 antigenic activity (bar) after HPLC-fractionation of
normal human serum, extracted three times by nine parts chloroform/methanol
(2/1). HPLC-fractionation was performed not only on a SuperÃ³seTM-12 column
(shown) but also on a high molecular weight TM-6 column (not shown). Pa-25
and Pa-42 antigenic activity was found at M, 200,000 in both cases. O.I)., optical
density; molecular weight markers: Thy, thyroglobulin M, 660,000; Myo, myosin
M, 200,000; P-Gal, /3-galactosidase M, 116,250.

and after four extractions at a c/m to serum ratio of 4/1. The
EPM-1 content of 30 serum samples of healthy donors and 52
serum samples of tumor patients was determined semiquanti-
tatively. Each serum sample was extracted four times with nine
parts of c/m. The first three upper phases were pooled and the
EPM-1 activity determined. The lower and the upper phases
after the fourth extraction were tested separately, to guarantee
that they were EPM-1 negative.

This semiquantitative determination of EPM-1 activity re
vealed that all 30 sera of healthy donors have high EPM-1
values, in contrast to the majority of gastrointestinal tumor
sera (21 of 31), which showed low or negative values in this
ELISA test (Fig. 5). Most sera (19 of 21) of patients with
malignant melanoma contained EPM-1 levels like healthy peo
ple. To exclude that low EPM-1 values are the result of freezing
and defrosting, two sera with EPM-1 values were thawed and
frozen five times, but EPM-1 values remained the same.

30

14.3

Fig. 4. Autoradiogram of [MC]mannose and |'4C]glucosamine-labeled glyco-
proteins from lysates of Capan-1 immunoprecipitated by mAb Pa-42 (arrow, 2),
negative control: mAb Lyt 1.1. (3), molecular weight markers (I): myosin (M,
200,000), phosphorylase-b (M, 92,500), bovine serum albumin (M, 69.000),
ovalbumin (M, 46,000), carbonic anhydrase (M, 30,000), and lysozyme (M,
14,200).

Table 4 EPM-1 antigenic activity in human secretions

SamplePancreas

Bronchia
Intestine
Saliva
Serum
ControlsRange

of
samples1-3

1-6
1-2
1-71-241/1058-873

799-1331
520-716

48-707
402-2173

10-30OD"

Titer1/10042-148245-910

147-370
53-384
60-1748

5-301/500NTÂ»

54-673
80-168
10-352

NT
5-20

" OD, optical density. Values, range given by a number of samples (e.g., 1-3)

at a certain dilution of antibody.
4 NT, not tested.
c Negative controls, obtained with mAbs Lyt 1.1, Lyt 2.2, and R-24.

DISCUSSION

Mouse monoclonal antibodies Pa-25 and Pa-42 define a novel
antigen which is common to all nonendocrine epithelial cell
types and not detectable in all nonepithelial cells, tested that
far.

Because this antigen can be found on the cell surface of in
vitro cultured human tumor cell lines and is prominently local
ized in the microvilli of normal intestinal mucosa, it is called
EPM-1, membrane antigen of epithelial cells. EPM-1 can also
be detected in human embryos. All normal epithelial tissue
samples tested expressed this antigen, but epithelial tumor cells
in tissue sections and cultured in vitro may loose this marker.
Interestingly this structure was not found on many epithelial
tumor cells maintained in culture. This loss can be total or can
represent a loss on the cell surface only. The grade of EPM-1
expression becomes also relevant in view of the preliminary
observation, that the number of EPM-1 positive tumor cells in
eight different pancreatic tumor tissue samples correlates with
the degree of histolÃ³gica! differentiation. This finding, however,
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Table 5 EPM-I activity after repeated extraction of human serum

Ã–Dtiter

Extract no. 1/10 1/40 1/160

Serum to c/m ratio,1:4123456Serum

to c/m ratio,1:9123456392(4)"432(5)918(5)5(7)11(6)10(8)423(4)1023(4)7(7)8(5)8(6)6(6)88(5)49(5)704(4)5(6)9(5)7(7)598(3)806(3)8(7)4(6)8(4)9(6)14(7)5(5)13(5)7(6)10(8)7(10)683(3)55(5)4(6)3(3)12(8)10(11)

1.1.
1Numbers in parentheses, values obtained with negative control antibody Lyt

Tiler

l 640-

1:320

1 WO

1:80

1:40

1:20

l K)

1>Â«

1:15

NS

*â€¢â€¢â€¢**â€¢â€¢

GI-Tu Mtl

Fig. 5. Semiquantitative determination of Pa-25 and Pa-42 activity in tumor
and normal sera by ELISA tests. NS, normal sera; GÃ¬,sera of patients with
gastrointestinal tumors: Mel, sera of patients with malignant melanoma: titers,
values, which were three times that of the negative control antibodies.

has to be substantiated on a greater number of pancreatic
tumors. In addition, grading and immunocytochemical staining
should be performed on parallel tissue sections of the same
tissue block, which was not possible in the initial study. Retro
spective studies on formaldehyde-fixed tissue samples were not
possible, because EPM-1 was destroyed by fixation with 3.3%
formalin. In regard to other cancers, for example colorectal
tumors, a clear correlation between grading and the percentage
of EPM-1 positive tumor cells was not obvious.

So far no epithelial cell marker with the same broad tissue
specificity has been described. The EMA antigen (33, 34),
defined by rabbit heteroimmune sera after immunization with
milk fat globules, shares the broad tissue specificity with EPM-

1, but is distinctly different, for example, in that it does not
react with normal epidermis. Other epithelial cell markers like
HMFG-2 (35, 36), Dupan-2 (13, 37), and three other recently
described epithelial antigens (38-40) represent different mole
cules on the basis of tissue specificity and biochemical charac
teristics known. Extensive tissue typing on fresh frozen tissue
sections as performed for EPM-1 is only available for some of
the epithelial antigens described so far.

In this study the availability of an ELISA test for EPM-1 led
to its biochemical characterization. EMP-1 represents a glyco-
protein molecule of about M, 400,000, because it can be meta-
bolically labeled by sugars and amino acids. Besides, periodate
treatment does destroy the heat-stable antigenic epitope of
EPM-1. The size of EPM-1 determined by HPLC (M, 200,000)
differs from that found by polyacrylamide gel electrophoresis
(A/r 400,000). This is most likely due to conformational prop
erties of EPM-1, which cause a delay in the flow of EPM-1
through the agarose column. Similar observations have been
made with other glycoproteins.

Purification by HPLC should now allow for a more precisely
defined biochemical structure and supply a constant antigen
source for developing a quantitative ELISA test. The presence
of EPM-1 antigen in human saliva; bronchial, pancreatic, and
intestinal fluid; and human serum supports the biological sig
nificance of this marker. The finding, that the EPM-1 level is
high in all 30 serum samples of healthy donors and low or not
detectable in 21 of 31 serum samples of patients with gastroin
testinal tumors is striking. EPM-1 levels in most sera (19 of
21) of patients with malignant melanoma were comparable to
those of normal individuals. This finding is in contrast to all
other markers for gastrointestinal tumors described so far. The
low or not detectable EPM-1 values in tumor sera can not
represent the low secretion of EPM-1 by the tumor cells,
because EPM-1 antigen represents a common differentiation
marker for most epithelial cells in the human organism. These
preliminary findings raise a number of questions: (a) Is there a
relationship between the serum level of EPM-1 and the tumor
occurrence? (b) Does the tumor change the secretion of EPM-
1? or (c) Can a low EPM-1 value be identified as a bad
prognostic parameter or (d) as a marker for identifying risk
groups for cancer? All these questions are very speculative at
this point, but they can hopefully be answered by testing a large
number of well-defined serum samples. In general, however, it
appears to be promising, to look for lowered serum values of a
normal differentiation marker like EPM-1 in cancer patients'

sera.
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