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CLINICAL RESEARCH

Detection by monoclonal antibody of carbohydrate antigen
CA 50 in serum of patients with carcinoma

J HOLMGREN, L LINDHOLM, B PERSSON, T LAGERGARD, 0 NILSSON, L SVENNERHOLM,
C-M RUDENSTAM, B UNSGAARD, F YNGVASON, S PETTERSSON, A F KILLANDER

Abstract

A solid phase radioimmunoassay was devised for
measuring the value of the carcinoma associated carbo-
hydrate antigen CA 50 in serum based on the use of a
specific monoclonal antibody (C 50). Samples of serum
from 259 patients with carcinoma, 114 patients with other
malignancies or inflammatory diseases, and 150 healthy
controls were examined. Serum values of CA 50 exceed-
ing the mean plus three standard deviations for control
samples from blood donors were found in a high pro-
portion of patients with colorectal adenocarcinomas
(50% of those with early, localised tumours and 75% of
advanced cases), other gastrointestinal carcinomas
(69%), uterine cancer (75% of those with corporeal and
88% of those with cervical cancer), prostatic cancer
(90%), lung cancer (52%), and breast, ovarian, kidney,
and urinary bladder carcinoma (26-67%). The CA 50
values in samples from patients with inflammatory
diseases, including ulcerative colitis, with rare excep-
tions (0-7%) were within the normal range, as were
those in patients with various sarcomas and malignant
melanoma.
Measuring serum values of CA 50, which is evidently

a generalised carcinoma associated antigen, may be
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useful in clinical research studies of the diagnosis,
management, and prognosis of patients with different
types of carcinoma.

Introduction

Markers of disease activity in patients with tumours include
oncofetal differentiation antigens such as a fetoprotein and
carcinoembryonic antigen, hormones such as human chorionic
gonadotrophin and corticotrophin, and enzymes such as
alkaline phosphatase and prostatic acid phosphatase.1
The hybridoma technique for producing monoclonal anti-

bodies has dramatically improved the possibility of preparing
specific immune reagents against tumour associated antigens.
Recent reports have described the production of specific
monoclonal antibodies against colorectal adenocarcinomas,2 3

lung cancer,4 ' and malignant melanomas.5 6 These antibodies
have been found to define different tumour associated carbo-
hydrate antigens.2 7 This specificity is in line with observations
that cell surface carbohydrates, both in glycolipids and in
glycoproteins, change appreciably in relation to oncogenic
transformation.8 In addition to blocked synthesis of several
complex carbohydrates, the formation of new carbohydrate
structures due to activation of normally unexpressed glycosyl-
transferases has been observed. This may give rise to novel,
tumour specific glycolipids and glycoproteins that might be
recognised by the immune system as tumour associated antigens.8

In a programme to identify and characterise tumour associated
glycoconjugate antigens by means of monoclonal antibodies we
recently detected a monoclonal antibody (C 50) raised against a
colorectal adenocarcinoma cell line that defined the tumour
associated carbohydrate antigen CA 50.10 The CA 50 antigen,
which may occur both as a ganglioside and as a sialylated
glycoprotein, has been isolated in its ganglioside form from
carcinomas in various tissues, both from the primary tumours
and from metastases" (O Nilsson, paper in preparation). The
antigen has not been found in non-epithelial tumours or in
any normal adult tissues examined except the pancreas1' (O
Nilsson, paper in preparation). CA 50 may therefore be a genera-
lised carcinoma associated antigen.
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We have devised a simple radioimmunoassay for the deter-
mination of carcinoma associated CA 50 antigen released into
the serum and report its efficacy in patients with carcinoma,
patients with other malignancies or inflammatory diseases, and
a group of healthy controls.

Subjects and methods

Serum samples from 150 blood donors and 373 patients were
examined. Of the patients, 259 had carcinomas, 13 sarcomas, 31
malignant melanomas, 28 ulcerative colitis, and 42 bacterial or viral
pneumonia (table).

Summary of CA 50 radioimmunoassay inhibition that results in patients with
malignant diseases and controls

No positive/No tested
No No (%°) by stage (I-IV) of disease Not

tested positive classified
I II III IV

Carcinomas:
Colorectal 55 37 (67) 3/12 6/6 2/4 25/32 1/1
Other gastrointestinal 16 11 (69)

Ventricular 7 3 3/7
Pancreatic 3 3 3/3
Carcinoid 4 3 3/4
Hepatocellular 2 2 2/2

Uterine { Corporeal 20 15 (75) 11/13 2/4 2/3
VCervical 8 7 (88) 3/4 3/3 1/1

Ovarian 15 6 (40) 3/7 3/8
Kidney 19 5 (26) 0/8 1/4 1/1 3/6
Urinary bladder 33 22 (67) 7/14 4/5 5/6 6/8
Prostatic 20 18 (90) 3/4 1/2 11/11 3/3
Lung, oat cell 3 2 (67) 2/3
Lung, squamous cell 18 9 (50) 1/3 0/2 6/11 2/2
Breast 52 25 (48) 12/25 6/14 4/5 3/8

Sarcomas 13 0 0/10 0/2 0/1
Melanomas 31 4 (13) 4/31
Control groups:

Patients with ulcerative
colitis 28 2 (7)

Patients with pneumonia 42 0
Blood donors 150 1 (0 6)

The carcinomas were of 14 different types and included both
early (stage I or II) and advanced (stage III or IV) tumours (table).
Patients with stages I and II disease had small, localised tumours
without (I) or with (II) spread to regional lymph nodes. Those with
stages III and IV disease had advanced local tumours (III) or dis-
seminated metastases or both (IV). The sarcomas comprised osteo-
genic sarcoma (one case), chondrosarcomas (three), liposarcoma (one),
giant cell tumour (one), Ewing's sarcoma (one), leiomyosarcoma
(one), and rhabdomyosarcomas (five). Patients with ulcerative colitis
had had their disease from one to 37 years (mean 13 years). In none

of these patients did colonoscopy show evidence of carcinoma or

severe dysplasia, though moderate dysplasia was seen in six and mild
dysplasia in 11.
Serum samples were obtained one or two days before operation

from patients with localised tumours (stages I and II) or at a routine
clinic visit from those with advanced (stages III and IV) and benign
disease. Samples were divided into aliquots, coded, and stored at
-80°C until used.

RADIOIMMUNOASSAYS AND REAGENTS

The radioimmunoassay was based on the ability of serum containing
the CA 50 antigen to inhibit the binding of C 50 monoclonal antibody
(IgM) to plastic adsorbed, purified CA 50 ganglioside antigen; an

antimouse immunoglobulin preparation labelled with radioiodine
was used to detect the bound, uninhibited C 50 antibody.
The test serum (100 1l) was mixed with 100 ,ul C 50 monoclonal

antibody (about 1 mg/l in fetal calf serum added with 01 , Tween 20)
in a test tube and the mixture gently agitated for 90 minutes at
room temperature. A polystyrene bead coated with CA 50 ganglioside
antigen was then added and incubation continued for a further
four hours at room temperature. The liquid was then removed by
aspiration and the bead washed three times in 2 ml phosphate buffered
saline. A total of 200 ul 125I labelled antimouse IgM (Kirkegaard Inc,
Maryland, USA) or antimouse total immunoglobulin antibody
(Amersham International, Buckinghamshire) diluted in phosphate
buffered saline supplemented with bovine serum albumin 10 g/l was

then added to the tube and incubated with the antigen coated bead
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overnight at 4°C. This was followed by removal of the liquid, repeated
washing in phosphate buffered saline, and determination in a y
scintillator of the specifically bound radioactivity in each tube resulting
from binding of the second labelled antibody to the beads. Results
obtained with the test serum specimens were expressed as percentage
inhibition in relation to a negative standard (fetal calf serum) using
the formula: 100-(counts per minute in test specimen tube/counts
per minute in negative standard tube x 100) =percentage inhibition.
Each test was performed in duplicate; the results presented are the
means. In some instances titrations of specimens were performed by
testing twofold serial dilutions.
The C 50 monoclonal antibody used was prepared from tissue

culture medium (Iscove's serum free medium with 10 HB 101
additives; Hana Media Inc, California) in which the C 50 hybridoma
cell line'0 had been grown for several days to a high cell density.
Ammonium sulphate was added to 5000 saturation precipitating the
C 50 antibody, which was then redissolved in phosphate buffered
saline and dialysed against the same buffer. The concentration of
C 50 monoclonal antibody was determined by assaying the IgM
concentration by means of single radial immunodiffusion and the
specific antibody content by titration experiments using polystyrene
beads coated with CA 50; results were compared with those of a
highly purified reference preparation of C 50 monoclonal antibody.
The CA 50 ganglioside antigen preparation used was isolated

from a human pancreatic adenocarcinoma as described'12 (O Nilsson,
paper in preparation). Removawell U strips (Dynatech Laboratories
Inc, Virginia, USA) were initially used as the solid phase to which
CA 50 was coated, but for the final procedure described above
polystyrene beads (6 4 mm diameter; Precision Plastic Ball Co,
Chicago) were used instead. The beads were mixed with the CA 50
ganglioside antigen preparation dissolved in isopropanol-hexane-
0-250° KCI in water 2/1/1 (by volume)-20 pmol (30 ng) ganglioside
in 0-25 ml solvent per bead-and then coated with antigen by evapora-
tion of the solvent under rotation at reduced pressure. The antigen
coated beads were carefully washed with distilled water and dried in
air before being used in the assay. "Spent" medium in which the
colorectal adenocarcinoma cell line Colo-205 had been tissue cultured9
to a high cell density was used as a positive CA 50 antigen standard and
assayed in different dilutions in each set of experiments.

Results

CA 50 VALUES IN NON-CARCINOMA AND CONTROL SAMPLES

Serum samples from 150 healthy controls gave 0-25°O, inhibition
of the C 50 monoclonal antibody (mean 70", SD 6",,) with only one

exception. Samples from patients with sarcomas, malignant melanoma,
ulcerative colitis, and pneumonia also, with few exceptions, gave
an inhibition value not exceeding 25°, (fig 1). Two of the 28 patients
with ulcerative colitis had CA 50 values resulting in inhibition above
25°,. These patients had had their disease for 16 and 37 years;
both had been examined yearly by colonoscopy and showed evidence
of moderate dysplasia.

CA 50 VALUES IN PATIENTS WITH CARCINOMA

In contrast to the above findings, a high proportion of serum

samples from patients with the various carcinomas gave more than
250( inhibition, indicating raised values of CA 50 antigen in the
serum (table; fig 1).

Gastrointestinal carcinomas-Out of 55 patients with colorectal
adenocarcinomas, 37 (670°) had raised serum values of CA 50.
Nine out of 18 samples (50",,) from patients with early, localised
tumours were positive, as compared with 27 out of 36 (7500/) from
patients with advanced disease. Among patients with other gastro-
intestinal carcinomas (stomach, pancreas, liver, carcinoid) 11 out of
16 (69°') had raised values of CA 50.

Gynaecological carcinomas-Among patients with gynaecological
tumours, a high proportion of those with carcinoma of the uterus

(15 of the 20 with corporeal cancer, and seven of the eight with
cervical cancer) had raised serum values of CA 50. Interestingly,
samples from women with ovarian tumours were less often positive
(six out of 15 cases), despite these tumours being disseminated.

Carcinomas of urinary tract and prostate-Serum samples from
patients with carcinomas of the kidney and urinary bladder were

positive in five (26"O) out of 19 and 22 (67",) out of 33 cases respec-
tively. Both groups included patients with very small tumours as
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well as patients with advanced, disseminated tumours. Of the 20
patients with prostatic cancer, 18 (90%) had raised serum values of
CA 50. Most of the patients had disseminated tumours, and in all
of these the CA 50 results was positive.
Lung carcinoma-All but one of the patients with lung cancer had

disseminated tumours. In nine out of 18 cases of squamous cell
carcinoma and two of the three cases of oat cell lung cancer raised
values of CA 50 were noted in the serum.

Breast carcinoma-Most of the patients with breast cancer had
small, localised tumours. Eighteen of these 39 patients (46%) had
raised CA 50 values compared with seven (54%) of the 13 with
advanced tumours. In several patients with localised disease the
CA 50 value was high even though the primary tumour was very small
(<lxi cm).
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an 80 year old woman, had an adenoma of the rectum which during
the past few years had progressed to more severe epithelial dysplasia,
though without clear signs of malignancy. Biopsy specimens of
the adenoma contained CA 50 ganglioside antigen in concentrations
similar to those found in confirmed colorectal carcinomas (O Nilsson
et al, unpublished observations). The remaining three cases were
among the patients with prostatic cancer. In these patients the tumours
had been discovered three years previously and been treated with
irradiation and hormone therapy. At their last visit to the clinic
none of the patients had shown any visible signs of local relapse or
metastases, but scintigraphy of the skeleton had not been performed
during the previous year. Further examination and follow up of these
cases will be needed to judge which, if any, of the results should be
regarded as falsely positive.
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FIG 1-Results of radioimmunoassay inhibition tests for CA 50 values in serum samples from healthy controls (blood donors)
and patients with various tumours or inflammatory diseases. *=Patients with advanced (stage III-IV) tumours. o=Patients
with early, localised (stage I-II) tumours. *=Patients difficult to classify clinically (see text). Tests performed in dup-
licate. Points are means.

SENSITIVITY, SPECIFICITY, AND PREDICTIVE VALUE

The results described above are based on means of duplicate tests;
the coefficient of variation between duplicate counts per minute was

5.5%. The variation between repeat tests for the same specimen on
different occasions was 3-7% (SD 250 ).

The overall sensitivity of the radioimmunoassay inhibition test as
based on the above results for the combined carcinoma versus
control groups was 6000, the specificity was 99%, and the positive
predictive value 98%. For patients with early (stages I and II) and
advanced (stages III and IV) carcinomas considered separately the
sensitivities were 50% and 68%, respectively. These results suggest
that the CA 50 radioimmunoassay inhibition test has excellent speci-
ficity and predictive value and a moderately high sensitivity.
Serum samples from five patients with a preliminary diagnosis of

carcinoma, however, also gave positive results (fig 1), even though
their disease history did not convincingly support the actual presence
of carcinomatous disease at the time of serum sampling. The first
patient was a 60 year old woman who five years previously had
been treated for cancer of the uterine cervix. Two years later explora-
tion of the abdomen failed to confirm suspected relapse. The serum
sample analysed was obtained on that occasion. Three years later,
because of suspected metastases in the liver and the finding of a
high CA 50 value (60% inhibition) in a new serum sample, her
abdomen was re-explored with the discovery of a non-resectable
4 x 2 cm para-aortic metastasis of carcinoma. The second patient,

TITRATION OF POSITIVE SERA

Titrations of serum samples with more than 250% inhibition by
tests of serial dilutions confirmed that CA 50 values were raised as
compared with non-carcinoma samples with less inhibition. These
titrations also established that plots of inhibition versus dilution in
serum samples from patients with various types of carcinoma gave
indistinguishable slopes (fig 2).
The slopes obtained with serum samples containing CA 50 closely

resembled that obtained with dilutions of "spent" medium of the
Colo-205 cell line against which the C 50 monoclonal antibody was
originally raised (fig 2). Such spent medium may therefore be used
as a "positive standard" and ascribed a CA 50 value in units/ml
with which the percentage inhibition of serum samples may be
compared. The CA 50 value of both serum specimens and the
positive standard proved to be stable on storage at 4°C and - 20°C
and after lyophilisation.

Discussion

Although the C 50 monoclonal antibody was raised against
a colorectal adenocarcinoma cell line, the results of this study,
as well as of studies on tissue specimens,"1 show clearly that the
CA 50 antigen defined by this antibody is present in and re-
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leased from various histopathological types of carcinoma in
many different organs. This broad reactivity of the C 50
antibody with an antigen that is widely distributed yet fairly
specifically associated with carcinoma appears to distinguish
this antibody sharply from the 19-9 monoclonal antibody
described by Koprowski et al,13 14 even though both antibodies
react with sialylated Lea ganglioside antigen isolated from
colorectal and pancreatic adenocarcinomas3 (J-E Mansson et al,
paper in preparation). The 19-9 antibody is reportedly15
essentially unreactive in a radioimmunoassay test with sera
from patients with lung cancer (13% positive as compared
with 52% with C 50 in this study), gynaecological cancers (3%
as compared with 79% with C 50 for uterine cancer and 40%
for ovarian cancer), and prostatic cancer (0 v 90%), whereas it
gives positive results with frequency closer to that of C 50 for
colorectal and other gastrointestinal adenocarcinomas (for
advanced colorectal adenocarcinomas 46-58% v 75%).

In previous studies we found that CA 50 was unrelated to
carcinoembryonic antigen inasmuch as the C 50 monoclonal
antibody did not react with purified human carcinoembryonic
antigen preparations tested.9 Unlike carcinoembryonic antigen,
which is increased in many cases of inflammatory disease-
especially ulcerative colitisl-values of CA 50 in serum samples
of patients with ulcerative colitis or pneumonia were, with
very few exceptions, in the normal range. This suggests that
CA 50 may be a more specific marker for different carcinomas
than carcinoembryonic antigen, though this must be tested in
side by side comparisons. It should also be mentioned that
monoclonal antibody based carcinoembryonic antigen assays
with better specificity than commercially available tests have
been described.16
The radioimmunoassay inhibition technique that we used is

easy to perform and gave highly reproducible results with little
variation in duplicate and repeat tests. This assay may be useful
as a research tool for diagnostic studies of carcinoma in dif-
ferent organs, for assessing efficacy of treatment, and for studies
of prognosis. Each of these aspects will require in depth studies
on larger groups of patients with tumours providing a repre-
sentative distribution of carcinomas in different stages of
differentiation and advancement. Our initial results suggest that
the specificity and positive predictive value of the method are
very high. The sensitivity of the method should be further
examined for each different type of carcinoma. As with carcino-
embryonic antigen and other cancer antigen markers1 the

100 Colorectat carcinoma Lung carcinoma
-'S- u-o , o

75-

'50.

25-k

Prostatic caurcinomaCor -205 mspentomedium
i10l

uw 75-

50-

25-
Controls

Serum dilution . .

FIG 2-Serial dilution titrations of serum samples from patients with various
types of carcinoma (two of each type), pooled samples from blood donors
(controls), and "spent" tissue culture medium of colorectal adenocarcinoma
cell line releasing CA 50.

highest frequency of raised values of CA 50 was found in
advanced cases with disseminated tumours. Nevertheless, in
patients with uterine carcinoma and, to a less extent, those with
carcinoma of the breast or urinary bladder even small localised
tumours without metastases were associated with raised CA 50
values in serum. We are confident that modified, more sensitive
methods of detecting the glycoprotein or ganglioside form of
CA 50, or both, will be developed. For instance, studies in
progress have given promising results on the possibility of
substantially enhancing the sensitivity of CA 50 detection by
isolating and immunoassaying a monosialoganglioside fraction
from the serum of patients with carcinoma (O Nilsson et al,
unpublished observations).
We conclude that this radioimmunoassay inhibition tech-

nique is a specific, convenient, and robust method of measuring
the serum value of a generalised carcinoma associated carbo-
hydrate antigen which is raised in a high proportion of patients
with carcinoma but not in healthy controls, patients with
inflammatory diseases, or patients with sarcomas or malignant
melanomas. The method may therefore prove to be helpful as
a laboratory tumour marker test for research relating to the
diagnosis, clinical management, and prognosis of various forms
of carcinoma.
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borg, Sweden, and the Swedish Cancer Research Council.
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