heating eggs of temperature-sensitive
mutant flies (12). While these experi-
ments are of considerable value to em-
bryology and developmental biology, the
techniques employed do not represent
realistic means for inducing develop-
mental abnormalities in natural insect
populations. In my studies, however,
morphological abnormalities resulted af-
ter cricket eggs were oviposited in sand
contaminated with trace amounts of a
teratogen. This finding indicates that a
potential hazard exists for inducing mor-
phological deviates in insects as well as
other terrestrial invertebrates that under-
go embryonic development in chemically
contaminated substrates (13).
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Specific Antigen in Serum of Patients with Colon Carcinoma

Abstract. The binding of monoclonal antibody specific for colon carcinoma was
inhibited by serum from patients with adenocarcinoma of the colon but not by serum
from patients with other bowel diseases or from healthy volunteers. Of other
malignancies studied, serum from two patients with gastric carcinoma and two
patients with pancreatic carcinoma also inhibited the specific binding of monoclonal
antibody. The levels of carcinoembryonic antigen in these serum samples were not
correlated with their levels of binding inhibition. Such monoclonal antibodies may
prove useful for the detection of colorectal carcinoma.

We have developed a binding inhibi-
tion assay for the detection of antigens
unrelated to carcinoembryonic antigen
(CEA) and present in the serum of pa-
tients with colon (colorectal) carcinoma
(CRC). For this assay we use a mono-
clonal antibody that binds to CRC intact
cells, cell membrane extracts, and anti-
gen present in serum-free tissue culture
media (SFTCM) from CRC cells.

Examination of the possibility of using
CEA as a diagnostic tool for CRC re-
vealed that, although the serum of most
CRC patients contains CEA, the serum
of many patients with ulcerative colitis,
alcoholic cirrhosis, pulmonary emphyse-
ma, and other primary site carcinomas
also binds antibody to CEA in radioim-
munoassays (RIA) (/). Furthermore, the
serum of approximately one-fifth of all
healthy subjects who smoke cigarettes
contains CEA (2).

These results led us to search for an
assay that would distinguish between
antigens that are specific for CRC and
those that are shared with other tumors.
The availability of monoclonal antibod-
ies that recognize antigenic determinants
associated only with CRC (3, 4) made
possible a reinvestigation of the specific-
ity of antigens circulating in the blood. of
patients with CRC.

Serum samples were obtained from 33
patients who had advanced adenocarci-
noma of the colon and rectum with docu-
mented metastases in their liver or lungs;
six patients with other bowel diseases,
including two with multiple polyps; and
38 patients with forms of cancer other
than CRC. All of the patients were hospi-
talized at the Oncologic Hospital, Fox
Chase Medical Center, Philadelphia.
Each serum sample was divided into
small portions, coded, and frozen at
—70°C. Preoperative patients and those
with suspected but unproved recurrent
cancer were not included in this study
group. Serum samples were also ob-
tained from 39 healthy volunteers: 15
females, 20 to 40 years of age; 10 fe-
males, 41 to 65 years of age; 9 males, 20
to 40 years of age; and 5 males, 41 to 65
years of age. Fifteen of these 39 healthy
subjects were smokers.

Cells of CRC line SW 1116 (5) were

used as a source of target antigen in the
binding assay. This tumor is maintained
in tissue culture and secretes its antigen-
ic component (or components) into the
tissue culture medium. Extracts (3M
KCD of, cell membranes or cell-free
SFTCM were used either as the target in
RIA or as the inhibitor in preliminary
inhibition assays. Hybridomas secreting
antibody to CRC into the medium were
grown according to a method described
previously (4). The hybridoma medium
contained approximately 10 pg of anti-
body per milliliter. The indirect RIA for
the binding of antibody to its target has
been described previously (¢).

In the inhibition assay, dilutions of
hybridoma antibodies were used that ex-
hibited 40 to 50 percent maximum reac-
tivity against a given concentration of
target antigen in the form of either mem-
brane extracts or SFTCM of cell line SW
1116. The percentage of specific inhibi-
tion of binding of hybridoma antibodies
was calculated from the mean of tripli-
cate wells according to the formula: per-
centage inhibition = [100 — (Rt — R¢/
Rmax - Rc)] X 100, when RT and RC
are, respectively, the radioactivity (mea-
sured in counts per minute) of the test
and control cultures, and R..x is the
maximum binding determined by incu-
bating hybridoma antibodies with buffer
solution instead of serum samples. The
background radioactivity of the controls
was determined by incubating test sam-
ples with nonspecific mouse immuno-
globulin, a supernatant from myeloma
P3 x 63AgB (3, 4). Statistically signifi-
cant differences in inhibition of binding
between test and control samples were
calculated for each experiment by Stu-
dent’s t-test.

Of the large number of monoclonal
antibodies that bind to CRC cells (4), an
immunoglobulin G1 (IgG1) antibody was
selected for the inhibition assay because
of its wide range of reactivity with CRC
cells of different origins. In preliminary
assays we were able to inhibit effectively
the binding of this antibody by the use of
either cell membrane extracts of CRC, at
concentrations of 5 to 20 pg of protein
per unit assay, or SFTCM of CRC cul-
tures at concentrations of 10 to 20 wg of
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Table 1. Inhibition of binding in RIA of CRC antibody to SW 1116 CRC antigen preparations by
human serum samples of different origins. A preselected dilution of antibody was mixed in
gelatin-coated polyvinylchloride plates (Cooke Engineering Co., Alexandria, Virginia) with an
equal volume of dilutions of human serum. The mixtures were incubated overnight in a
humidified chamber at 4°C and then transferred to wells of plates coated with either membrane
extracts or serum-free supernatant of SW 1116 cells. After overnight incubation, the plates were
washed with a cold Veronal-buffered NaCl solution and again incubated overnight at 4°C, this
time with ?°I-labeled rabbit IgG antibody to mouse F(ab),. The plates were then washed, the
wells were separated and counted in a Packard gamma counter, and the percentage of specific

inhibition was calculated. Numbers in parentheses show percentages of the total number.

Percentage Number of patients clinically diagnosed as
inhibition
by human Advanced Other Other Healthy
serum CRC bowel diseases malignancies volunteers
< 10 3 (10) 5(98) 34 (90) 38 (100)
10 to 19 6 (18) 1) 2% (5) 0
> 19 24 (72) 0 2t (5 0
Total 33 6 38 38

*Gastric carcinomas. tPancreatic carcinomas.

protein per unit assay; binding was not
inhibited when preparations of human
melanoma cells or other tumors were
used.

In the binding inhibition assay with
patients’ serum, a 1:500 dilution of
monoclonal antibody to CRC was mixed
with either a 1:3 or 1:9 dilution of
patients’ serum and, after incubation,
transferred to wells of plates coated with
3M KCl membrane extracts of SW 1116
tumor cells containing 7 ug of protein per
well. Inhibition of binding was then de-
termined by RIA. The results are shown
in Table 1.

Of the serum samples from 33 patients
with advanced CRC, 24 (72 percent) in-
hibited the binding of hybridoma anti-
body to CRC by more than 19 per-
cent (P < .025). Six samples inhibited
binding by 10 to 19 percent, and three
samples inhibited binding by less than 10
percent. Whether 10 to 19 percent inhibi-
tion of binding is significant must be
determined by the results of more exten-
sive studies. In an additional study of
those patients whose serum inhibited
less than 10 percent of the binding reac-
tion, ascitic fluid obtained from one in-
hibited binding by 30 percent.

The average inhibition of binding by
serum samples from 38 healthy volun-
teers, including heavy smokers, was 2.6
percent (Table 1). Of the samples ob-
tained from 38 patients with other malig-
nancies, significant inhibition was de-
tected with the serum from two patients
with carcinoma of the pancreas (35 per-
cent and 60 percent) and from two pa-
tients with gastric carcinomas (10 to 19
percent range). None of the samples
from the remaining 34 patients in this
group, including those from six patients
with breast carcinomas and 17 with mel-
anomas, inhibited binding significantly.
Serum from a patient with colitis inhibit-
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ed binding by more than 10 percent in
three different assays; however, none of
the other samples from five patients with
inflammatory bowel diseases such as co-
litis, proctitis, and diverticulitis, or from
two patients with multiple colonic pol-
yps, inhibited binding. Each serum listed
in Table 1 was tested as a coded sample
at least three times in the inhibition assay
with reproducible results. Serum was
used either freshly drawn or frozen and
thawed once; serum that had been frozen
and thawed several times gave erratic
results.

Most of the tests developed for the
immunodiagnosis of digestive system tu-
mors by the detection of circulating tu-
mor-associated antigens such as CEA, a-
fetoprotein, and others lack the specific-
ity necessary for an absolute distinction
to be made between patients with and
without cancer (/, 2). Many healthy per-

Table 2. Lack of correlation between the
levels of CEA in serum and the percentage of
inhibition of the binding of monoclonal anti-
body by serum of patients with CRC. The
CEA was assayed by the Hoffmann-La
Roche kit, The assay for inhibition of binding
was as described in the legend to Table 1.

Percentage
Serum CEA inhibition
sample (ng/ml) (mean of three
num- consecutive
ber assays)
67 2120 64
101 5.1 37
103 250 14
104 9.6 20
112 1200 78
120 6.8 26
121 16.4 27
136 1330 .22
156 4.6 63
170 102 22
212 1610 19
214 40 50

sons or patients with nonmalignant dis-
ease possess one or another antigen pur-
ported to be of value for diagnosing
cancer. The antigen that we detected in
patients with CRC could not be detected
in healthy subjects or in patients with
chronic inflammatory disease of the
bowel or most other cancers. Its pres-
ence in tumors of endodermal origin (two
patients with pancreatic and two with
gastric carcinomas) may prove to be
advantageous, given the usual difficulty
in diagnosing these types of cancer dur-
ing the early growth stages.

The successful outcome of the binding
inhibition assay may be attributable to
the monoclonal antibody binding specifi-
cally to cultured CRC cells and not to
cells of other cancers except those of the
stomach and pancreas. The nature of the
antigen recognized by the monoclonal
antibody may account for the high speci-
ficity of the reaction.

There was no correlation between the
levels of CEA in serum samples from
colorectal carcinoma patients and the
values obtained for the inhibitory capaci-
ty of these samples. For instance, as
shown in Table 2, sample 67 contained
high levels of CEA and showed high
values in the inhibition assay, whereas
samples 156 and 214 showed low levels
of CEA and high values of binding in-
hibition. Furthermore, the binding of the
CRC antibody to CRC cells was not
inhibited by purified CEA obtained from
the diagnostic kit of either Hoffmann-La
Roche or Abbot Diagnostics (6). The
antigen detected by the CRC antibody
appears not be be related to other tumor-
associated antigens such as 3,-microglo-
bulin, because it is stable after incuba-
tion at 37°C for 2 weeks and after drying
and heating to 85°C and thus is not a
protein. Further studies have indicated
that the antigen is a monosialoganglio-
side not found in normal adult tissues (7).
Possibly the same ganglioside that is
present in the serum of patients with
CRC is also responsible for inhibition of
the binding of monoclenal antibody to
target cells. A chemically identified anti-
gen may thus replace CRC cell material
as the target for the binding of that
monoclonal antibody which facilitates
the inhibition assay.
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A Monosialoganglioside Is a Monoclonal Antibody-Defined

Antigen of Colon Carcinoma

Abstract. The antigen of a monoclonal antibody that is specific for cells of human
carcinoma of the colon is a monosialoganglioside as determined by the direct
binding of antibody to thin-layer chromatograms of total lipid extracts of tissues.
Binding of antibody to chromatograms is detected by autoradiography after the
application of iodine-125-labeled F(ab'), of rabbit immunoglobulin G antibodies to

mouse immunoglobulins.

In (/) a monoclonal antibody was de-
scribed that is specific for colon carcino-
ma cells (2). The binding of this antibody
to antigen is inhibited by the serum of
most patients with advanced colorectal
carcinoma but not by the serum of nor-
mal individuals, patients with inflamma-
tory bowel diseases, or most patients
with other malignancies. The data that
we present here indicate that the antigen
for this antibody is.a monosialoganglio-
side.

The binding of the hybridoma anti-
body to colorectal carcinoma cell line
SW 1116 was unaffected by treatment of
the cells with ficin, but was abolished by
treatment of the cells with neuramini-
dase. Since this behavior suggests that
the antigen may be ganglioside (3), total
lipid extracts of cells, which contain gan-
gliosides, were chromatographed and
then tested for antigen by autoradiogra-
phy.

For the autoradiography we used a
modification of a method developed for
the detection of gangliosides that bind to
cholera toxin (4). The total lipid extracts
of colon carcinoma cells and melanoma
cells (/) were obtained according to a
method devised for the quantitative ex-
traction of gangliosides from brain tissue
(5). The tissue culture cells (1 g, wet
weight) were homogenized in 3 ml of
H,0 at 4°C with a Potter-Elvehjem ho-
mogenizer. The homogenate was added
to 10.8 ml of methanol, to which 5.4 ml
of chloroform was then added with con-
stant stirring. The extract was stirred at
room temperature for 30 minutes and
centrifuged at 15,000g for 10 minutes.
The pellet was rehomogenized in 2 ml of
H,0 and extracted as above with 8 ml of
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a mixture of chloroform and methanol
(1:2 by volume).

The supernatant solutions from both
extractions were combined and evapo-
rated under a stream of dry nitrogen, and
the residue was dissolved in chloroform
and methanol (2:1 by volume) for appli-
cation to a thin-layer chromatography
sheet (6). Samples of 1 ul of total lipid
extract suitably diluted were spotted 1.5
cm from the bottom of the sheet which
was then clamped in a sandwich cham-
ber and developed in a chromatography
tank containing chloroform, methanol,

) ctH
@Gms

@ Globoside

) Asialo Gy,

@Gw

@ Gpia

= | ——— Origin

1 2 3 4 5 6

and 0.25 percent KCl (60:35:8 by vol-
ume). The chromatogram was air-dried,
and then soaked for 10 minutes at 4°C in
0.01M sodium phosphate buffer, pH 7.2,
containing 0.15M NaCl, 1 percent poly-
vinylpyrrolidone  (molecular  weight
40,000, pharmaceutical grade; Sigma)
and 0.1 percent sodium azide (buffer A).
The wet chromatogram was laid horizon-
tally on a slightly smaller, parafilm-cov-
ered glass plate. Serum-free hybridoma
culture medium containing about 10 pg
of antibody per milliliter (/) was diluted
1:4 with buffer A and gently pipetted
onto the chromatogram (about 50 pl per
square centimeter of chromatogram). Af-
ter incubation in a humid atmosphere for
6 hours at 4°C, the chromatogram was
washed by dipping in six successive
changes of 0.01M sodium phosphate
buffer, pH 7.2, containing 0.15M NaCl
(buffer B). The chromatogram was then
laid horizontally as before and immedi-
ately layered with '*’I-labeled F(ab'), of
rabbit immunoglobulin G antibodies to
mouse immunoglobulins in buffer A (10
counts per minute per milliliter; about 50
pl/cm? of chromatogram). After incuba-
tion in a humid atmosphere for 12 hours
at 4°C, the chromatogram was washed
six times in buffer B, air-dried, and ex-
posed to XR-2 x-ray film (Eastman Ko-
dak) for 50 hours.

As shown in Fig. 1, antigen is detected
in extracts of colorectal carcinoma cells
(lanes 4 to 6) but not in extracts of human
melanoma cells (lanes 1 to 3), which do
not bind antibody (/). The antigen mi-
grates between the standard gangliosides
Gwm and Gpy, under the conditions de-
scribed. Binding of antibody to the carci-
noma cell extract is abolished by treat-
ment of the extract with neuraminidase.

When the total lipid extract was chro-

Fig. 1. Autoradiography of the antigen detect-
ed by a monoclonal antibody to colorectal
carcinoma as described in the text. The
amounts of extract chromatographed, ex-
pressed as the volume of packed cells from
which the extract was obtained, are as fol-
lows: lanes 1, 2, and 3 contain lipids from
0.02, 0.1, and 0.5 wpl of packed melanoma
cells, respectively; lanes 4, 5, and 6 contain
lipids from 0.02, 0.1, and 0.5 ul of packed
colorectal carcinoma cells, respectively. The
positions of some standard gangliosides and
neutral glycolipids after chromatography are
shown on the right. Abbreviations are: CDH,
GalB1-4Glcp1-1Ceramide; CTH, Galp1-4Galp1-
4Glcp1-1Ceramide; Gys, NeuNAcaa2-3Galpl-
4Glcpl-1Ceramide; Globoside, GalNAcB1-
3Gala!l - 4GalB1 - 4Glcp! - ICeramide; Asialo
Gwmi, GalB1-3GalN AcB1-4Galp1-4Glcp1-tCera-
mide; Gy, Galp1-3GalNAcB1-4[NeuNAca2-
3]Gaip1-4Glcpl-1Ceramide; and Gp,,, Neu-
NAca2 - 3Galg1-3GalNAcB1 - 4[NeuNAca2 -
3]Galp1-4GlcB1-1Ceramide.
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