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ABSTRACT

We have produced a monoclonal antibody (SF-25) against a human
hepatoma cell line (FOCUS) that strongly reacts with an antigen shared
by all six colon adenocarcinoma cell lines. This cell surface antigen was
uniformly expressed in all 17 human adenocarcinomas of the colon
obtained at surgery but not on the normal adjacent mucosa counterpart.
Other normal tissues were negative except for a population of cells in
the distal tubule of the kidney as shown by immunoperoxidase staining
and direct binding to membrane preparations. Binding of this M, 125,000
antigen to antibody is disrupted by detergents, sodium dodecyl sulfate,
and paraformaldehyde fixation but not by treatment of FOCUS cells with
trypsin. The SF-25 antibody when labeled with I25I shows a striking

capacity by both biodistribution and nuclear imaging studies to localize
human colon adenocarcinoma grown as solid tumors in nude mice. SF-25
may be useful in distinguishing between normal colon and the transformed
phenotype.

INTRODUCTION

We have been investigating some of the antigenic changes
associated with malignant transformation of hepatocytes (1).
Since both the liver and gastrointestinal tract are derived from
the endoderm (2), it is not unreasonable to assume that during
dedifferentiation, common antigens may appear on both tissues.
If these antigens are associated with the transformed phenotype,
some MAbs3 produced against malignant hepatocytes might

also detect similar antigens on adenocarcinomas of the colon.
In this regard we have searched for and identified an antibody
(SF-25) that exhibits such a phenomenon. In this report, we
will present evidence that SF-25 detects a protein with a molec
ular weight of 125,000 on the cell surface. More importantly,
this antigen is highly expressed in human adenocarcinomas of
the colon and may be suitable for in vivo localization of tumor.

MATERIALS AND METHODS

Cell Lines. All cells used for immunization or monoclonal antibody
testing were maintained in Earle's modified Eagle's medium (M. A.

Bioproducts, Walkersville, MD) supplemented with 10% fetal bovine
serum inactivated at 56Â°C,10 Â¿<gof nonessential amino acids, 1000 U/

ml of penicillin, and 100 Mg/ml of streptomycin. Cells were harvested
from the monolayer cultures by washing three times with 20 mM PBS,
pH 7.2, followed by treatment with versene buffer in the absence of
trypsin. Single cell suspensions thus obtained were used for ninnimi
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zation of BALB/c mice. The FOCUS cell line was developed in our
laboratory (3) and all other cell lines were obtained from the American
Type Culture Collection, Rockville, MD. These cell lines are listed in
Table 1. Cell lines were tested for mycoplasma by DNA staining and
cultures were found free of contamination (generously performed by
the Mycoplasma Testing Laboratory, Massachusetts General Hospital).

Monoclonal Antibody Immunization and Fusion Protocols. The hepa-
tocellular carcinoma cell line, FOCUS was used for immunization of
mice. An early passage of this cell line from the original tumor had
been kept in liquid nitrogen. It was subsequently regrown and harvested
from monolayer culture. Primary immunizations of female BALB/c
mice were accomplished i.p. with 4.0 x IO6 intact whole cells/ml in
50% complete Freund's adjuvant. After 6 to 10 weeks, the secondary
immunizations were performed by an i.v. inoculation of 4.0 x 10" cell

in 200 ,ul PBS. Splenocytes were fused with the parent myeloma cell
line SP2O 3 days later. The resulting hydridomas were selectively
maintained in hypoxanthine-amethopterin-thymine medium, then
cloned by limiting dilution as previously described (4).

Screening Purification and Specificity Testing of MAbs. Hybridomas
were screened for antibody activity on a panel of cell lines listed in
Table 1. Subsequent specificity testing of cloned hybridomas was per
formed against various cell lines by both indirect and direct binding
radioimmunoassays. The indirect radioimmunoassay was carried out
in 96-well filter-bottomed plates (U & P Scientific Inc., San Diego,
CA). As described (5). In addition, a direct radioimmunoassay was
performed using '"I-labeled MAbs. Labeled MAbs (1 x 10*cpm) were
incubated with 1 x 10' cells in 100 n\ of PBS/20% fetal bovine serum

for l h at room temperature. The cells were then washed three times
as described above and the radioactivity of dried filters was determined.
We used a '"I-labeled nonrelevant MAb designated B2TT (anti-tetanus

toxoid Igd and IH(i?i,(as a negative control. A binding activity greater
than 2.5 times the negative control was considered as positive binding.

MAbs from double-cloned cell lines of the IgG subclass were purified
for further study by using a Sepharose 4B Staphylococcal Protein A-
affinity column (Pharmacia Fine Chemicals, Piscataway, NJ) as previ
ously reported (6). Purified antibodies thus obtained were dialyzed
overnight at 4Â°Cagainst twice-normal concentrated saline (0.3 M NaCl)

and the protein concentration was determined by the method of Lowry
et al. (7).

Radiolabeling and Immunoperoxide Staining. MAbs were labeled with
125Ior I3II using the lodogen method (8) to a specific activity between

5 and 15 Â¿iCi/^g.lodinated MAbs were always tested by direct binding
to FOCUS and other cell lines to assure that there was no loss of their
specificity or immunoreactivity.

Adenocarcinoma of colon, adjacent normal colonie mucosa counter
parts, and other normal tissues were obtained fresh from surgery or as
rapidly as possible from autopsies, immediately frozen in liquid nitro
gen, and stored at â€”¿�80Â°C.In some experiments, sections were cut from

these snap-frozen tisseus embedded in OCT compound (Miles Scien
tific, Naperville, IL), dried onto glass slides, fixed in cold acetone for 5
min, and equilibrated with 10 mM PBS, pH 7.5. In other experiments,
tissues were fixed in 2% paraformaldehyde for 2 h and embedded in
OCT compound or paraffin. When paraffin-embedded tissues were
used, slides were deparaffinized with xylene and rehydrated by passage
through graded alcohols until a final wash was made in 10 mM PBS,
pH 7.5. The tissue sections were stained with the Vectastain ABC Kit
(Vector Laboratories Inc., Burlingame, CA). We used an anti-HBs
IgGz. (5C3) or anti-tetanus toxoid IgG, and IgG2b (B2TT) as negative
control MAbs (9, 10).

Monoclonal Antibody Binding to Membrane Preparations. Membrane
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fractions were prepared from normal human tissues as well as from
colon adenocarcinomas and adjacent normal colon obtained from sur
gical specimens. Human colon adenocarcinoma (LS-180) or hepatoma
cell lines (FOCUS) grown as solid tumors in nude mice served as a
positive control. Tissues were homogenized with a Polytron homoge-
nizer in ten volumes of 20 mM PBS, pH 7.2, containing 0.1% NaN3
and were centrifugad at 20,000 x g for 30 min. Homogenization and
centrifugation were repeated twice. Subsequently, the pellets were re-
suspended in PBS containing 20% glycerol and frozen at â€”¿�80Â°Cuntil

further use. For the binding assay, membrane preparations were diluted
to a protein concentration of 0.5 mg/ml with 20% calf serum PBS.
Direct binding assays were performed in 96-well filter plates as de
scribed above using 100 p\ of membrane preparation. There was always
some variability in preservation of anitgenic reactivity in various batches
of membrane preparations. Thus binding specificity was always con
firmed by demonstrating competitive inhibition with the same "cold"

antibody at a concentration of approximately 50-100 Mg/ml (7) without
obtaining inhibition by a nonrelevant MAb (SF-55) directed against a
different cell surface antigenic determinant at a similar concentration.

Identification of Cell Surface Antigens. Cell surface labeling was
performed by the lactoperoxidase method (11). In brief, cells from a
confluent 75-cm2 monolayer culture were recovered by incubating with
a EDTA/versene buffer for 5-10 min. The cell pellet was washed twice
with 20 mM PBS. pH 7.2, and brought to 0.5 ml. To the cell suspension,
1 mCi of Na'"I and 40 mg lactoperoxidase were added. The reaction

was started by adding 15 ml of 0.4% hydrogen peroxide and continued
for 20 min by adding hydrogen peroxide every 5 min. To stop the
reaction, 0.02 M potassium iodide was added and the cells were washed
twice in PBS. Thereafter, the cell pellet was lysed by incubating for 45
min in 0.1 M PBS, pH 7.2, containing 10 mM EDTA, 10 mM ethylene-
glycol bis((i-aminoethyl ether)-A',Ar,Ar',A",-tetraacetic acid, 1% Triton

xlOO, 10 mM NaF, and 0.1% deoxycholate.
For the immunoprecipitation. MAbs covalently linked to protein A-

Sepharose beads were used as described (12). Ascites fluid was dialyzed
overnight against 0. l M sodium borate buffer, pH 8.2, and one volume
of the dialyzed fluid was incubated with one volume of beads in the
same buffer for 16 h at 4Â°C.The beads were then washed with 0.2 M

triethanolamine buffer, pH 8.2, and incubated in the same buffer
containing 30 mM dimethylpimilimidate for 45 min at 4"C. The beads

were finally washed in 30 mM ethanolamine 0.2 M triethanolamine,
buffer, pH 8.2, and stored in 20 mM PBS, pH 7.2, at 4Â°C.After

incubating cell lysates with formalin-fixed Staphylococcus A cells for 1
h at 4Â°Cand with nonspecific MAb-linked beads for 2 h at 4Â°C,the
immunoprecipitation was carried out overnight at 4Â°Cusing specific

MAb-linked beads. The beads were then washed and resuspended in
100 Mgof SDS-PAGE buffer (0.025 M Tris-HCl buffer, pH 8.8, con
taining 0.1% SDS and 20% glycerol), heated at 95Â°Cfor 5 min and

were electrophoresed on a 10% polyacrylamide slab gel (13). Gels were
fixed, stained, destained, dried, and autoradiographed for 12 h to 2
days by using Kodak X-ray film XOMAT-AR (Eastman Kodak Co.,
Rochester, NY).

|35S|Methionine Labeling. Subconfluent cells were starved overnight
in methionine-free culture medium containing 10% dialyzed fetal calf
serum. Cells were then metabolically pulse-labeled by incubating for 1
h with 20 MCi/ml [35S]methionine (Amersham, specific activity, >1000

Ci/mmol). Cells were then harvested, washed twice with PBS, and
stored at -80'C.

(3H)Glucosamine Labeling. Confluent cells were incubated with 500
MCi[3H]glucosamine (Amersham, specific activity, 30 Ci/mmol) for 18
h at 37Â°C.The cells were then harvested, washed twice with PBS, and
stored at -80'C.

Tumor Xenografts. Male BALB/c nit nn mice (4-6 weeks old) were
injected s.c. in the left shoulder with 1 x 10" LS-180 cells or FOCUS

cells in 0.2 ml of PBS to establish solid tumors. These solid tumors
were passed from animal to animal by transplanting with 2-mnr1 pieces

of an explanted LS-180 or Focus tumor obtained from an existing
tumor-bearing mouse. Tumors were subjected to membrane prepara
tions and SI 25 biodistribution nuclear imaging studies when they grew
to a size of approximately 10/10 mm.

Western Blot Analysis. Antigenic extracts were prepared from cul

tured cell lines and from human tissues as described (5). Normal human
tissue was obtained from a cadaver within 6 h after death. Human
tumor tissues were obtained from surgical specimens, snap-frozen, and
kept at â€”¿�80Â°Cuntil use. For SDS-PAGE, the protein preparations
were incubated for 5 min at 90Â°Cin a SDS-PAGE buffer and 50 Mgof

protein was loaded at the top of a 10% SDS-polyacrylamide gel and
separated according to Laemmli (13). The proteins were electrophoret-
ically transferred onto nitrocellulose paper. The paper was then incu
bated with 1:100 dilution of SF-25 ascites fluid and subsequently with
125I-labeledsheep anti-mouse immunoglobulin F(ab'>2. The washed and

dried paper was then exposed for autoradiography.
In Vivo MAb Distribution. 10 MCiof [l25I]SF-25was injected via the

tail vein into nude mice bearing human colon tumors. For dual tracer
studies (14), the mice were given simultaneous injections of 10 MCiof
[l25I]SF-25 and 1 MCiof [131I]B2TT,a nonspecific antibody. The mice

were sacrificed and dissected at 24,48, and 72 h after injection. Tumors,
blood, thyroid, heart, lung, kidney, stomach, intestine, liver, and spleen
were weighed on an analytical balance and assayed for radioactivity
using a multichannel gamma counter (a window from 15 to 50 keV for
I25Iand a window from 50 to 330 keV for '-"I. Results were expressed

as follows: (a) uptake of antibody in tumor and tissues (cpm/mg); (b)
ratios of specific activity in tumor compared to normal mouse tissues
[(cpm/mg tumor)/cpm/mg normal tissues)]; and (<â€¢)localization index,
defined as the ratio of ['25I]SF-25 to [I31I]B2TTactivity in tumor and in

tissues divided by the same ratio in the blood (15).
Nuclear Imaging. For nuclear imaging studies 150 to 250 MCiof 125I-

labeled intact antibodies were injected via the tail vein into nude mice
when LSI80 tumors reached an average size of 1.0 cm in diameter
(range, 0.5-1.5 cm). The same amount of 125I-labeledintact B2TT were
injected into tumor-bearing mice as a control. Nude mice were anesthe
tized with 0.1 ml 4% chloral hydrate per 10 g body weight via i.p.
injection. Each nude mouse was then imaged 4 cm from the back with
a gamma camera equipped with a 3-mm pinhole collimator and inter
faced to a computer. Images were obtained at 6, 24, 48, 72, and 120 h.
All data were recorded on a computer system and stored on floppy
disks. No background subtraction nor computer smoothing was em
ployed.

RESULTS

Monoclonal Antibodies. In total, 90 antibody screening clones
were produced against antigens present on FOCUS cells using
an indirect binding assay. Among the 90 clones, 18 were shown
to react with human colon carcinoma cell lines, (data not
shown). The SF-25 antibody of an Igd isotype was chosen for
further investigation on the basis of additional specificity testing
including reactivities to normal human lymphocytes, liver, co
lon, and other tissues by a direct radioimmunoassay described
below.

SF-25 Cell Binding Studies. The binding specificity of SF-25
was investigated by a direct radioirnmunoassay using a panel of
cell lines. As shown in Fig. 1, SF-25 reacted with all the
hepatoma cell lines tested (FOCUS, PLC/PRF/5, MAH-
LAVU, SK-HEP-1, Hep G2, and Hep 3B) as well as Chang
liver cells. More importantly, six of six adenocarcinoma of the
colon cell lines including LS-180 expressed SF-25 antigen on
their cell surfaces. Additional specificity testing revealed that
SF-25 did not bind to normal human lymphocytes nor Vero
cells (African green monkey kidney). The binding was weak
with BT-20, C-33A, and AN3CA. Higher binding was observed
with SK-MEL-5 and A-498 (see Table 1). Treatment of live
FOCUS cells with 2.0% trypsin solution for 5 and 20 min did
not reduce [125I]SF-25 binding [4,150 Â±150 (EDTA removed
cells) vs. 4,870 Â±196 (5') vs. 4,541 Â±96 cpm (20'), respective

ly].
Membrane Binding Studies. We examined the capability of

[125I]SF-25 to bind to membrane preparations from FOCUS
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Fig. 1. Display of [125I]SF-25binding to antigens expressed on various tumor

cell lines (Table 1). Note that all six colon adenocarcinomas and hepatoma cell
lines as well as Chang liver express SF-25 antigen on their cell surfaces.

Table 1 Origin of celllinesCell

lineLS

180
COLO 320
SW403
WiDr
Caco-2
SK-CO-1Tissue

oforiginHuman,

colon, adenocarcinoma
Human, colon, adenocarcinoma
Human, colon, adenocarcinoma
Human, colon, adenocarcinoma
Human, colon, adenocarcinoma
Human, ascites, colon adenocarcinoma

FOCUS Human, liver, hepatoma
PLC/PRF/5 Human, liver, hepatoma
MAHLAVU Human, liver, hepatoma
Hep G2 Human, liver, hepatoma
Hep 3B Human, liver, hepatoma
SK-HEP-1 Human, ascites, hepatoma

Chang liver Human, liver, epithelial-like morphology

A-427 Human, lung, adenocarcinoma
SK-LU-1 Human, lung, adenocarcinoma
Cain t Human, pleural effusion, lung adenocarcinoma

BT-20 Human, breast, adenocarcinoma

A-498 Human, kidney, carcinoma

Caov-3 Human, ovary, adenocarcinoma

C-33A Human, cervix, undifferentiated carcinoma
I Id a Human, cervix, adenocarcinoma
SK-UT-1 Human, uterine, mesoderma! tumor
AN3 CA Human, endometrium, adenocarcinoma

JEG-3 Human, choriocarcinoma

SK-MEL-S Human, lymph node, malignant melanoma

Vero Monkey, kidney, fibroblast-like morphology

and LS-180 tumors as well as other normal human tissues as
shown in Fig. 2. Specific binding (denned as the difference in
cpm bound in the absence and presence of cold SF-25 antibody)
was observed to both FOCUS and LS-180 membranes but not
to membranes derived from other normal human tissues with
the notable exception of kidney. Binding was inhibited by cold
SF-25 but not by cold SF-55 which is another antibody against
a highly expressed common cell surface membrane antigen (Fig.
3). Note that [125I]SF-55 demonstrates high binding of FOCUS
and LS-180 as well as other normal tissues and serves as a good
positive control for comparison with SF-25 (Fig. 2). We then
performed membrane binding studies on surgical specimens of
human colon adenocarcinomas and compared the results to the
adjacent normal counterparts as shown in Fig. 4. A limited
amount of surgical tissue was available for the studies compared
to other normal human tissues obtained at autopsy. Specific

Fig. 2. Comparative binding of [12!I]SF-25 to membranes prepared from
normal tissues, a colon adenocarcinoma (LS-180) and FOCUS (immunizing cell
type). ['"I]SF-55 is another monoclonal antibody produced against FOCUS but

which recognizes an antigen present on all human tissues and tumor cell lines.
Significant binding was observed by [125I|SF-25 to normal kidney, FOCUS, and
LS-180 membrane in this experiment.

COMPETITIVE INHIBITION OF SF25 BINDING TO LS-180

SOOOr

5 2000

-5 -4 -3 -2 -1 0

LOG Â¡COLDANTIBODY] (mg/ml)

Fig. 3. Demonstration of [12!I]SF-25 binding specificity to LS-180 cells by
inhibition with cold SF-25 antibody. Note that MAb SF-SS does not compete for
the SF-25 epitope. In this experiment top binding of |'"I]SF-25 in the absence

of cold antibody was 12,500 Â±603 cpm.
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Fig. 4. Direct binding of ['25I]SF-25 to membrane preparations derived from

adenocarcinomas of the colon and the adjacent normal colon mucosa. Specific
binding refers to cpm bound that is inhibited by cold SF-25 but not SF-55
(nonrelevant MAb). The protein concentration of all membrane preparations
placed on the filter was the same (see "Materials and Methods").

binding of SF-25 to membrane preparations was observed in
LS-180 tumors and human colon adenocarcinomas. In contrast,
SF-25 showed no significant binding to membrane preparations
of the normal colon mucosal counterpart (P < 0.01).

Immunoperoxidase Staining. Tissue expression of the anti-
genie determinants recognized by SF-25 in vivo was further
investigated by the avidin-biotin complex immunoperoxidase
staining reaction. Staining of tissue sections from 17 colon
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adenocarcinomas along with normal mucosa! counterparts were
tested. Fig. 5 shows representative examples of typical staining
patterns of colon adenocarcinomas compared to an adjacent
normal colon mucosal counterpart using the same concentra
tion of SF-25 on each section. Note that tumors demonstrate a

diffuse cellular staining pattern. Indeed 17 of 17 cases (100%)
of colonie adenocarcinomas examined as fresh frozen speci
mens expressed SF-25 antigen in the primary tumor. Most if

not all. tumor cells were stained as shown in Fig. 5; adjacent
normal mucosa did not stain. A number of normal tissues were
also found to be negative by immunoperoxidase staining in-

Fig. 5. Immunoperoxidase staining of fresh nonfixed tissue by SF-25. A and
fi. sections of adenocarcinoma of the colon; C, adjacent normal colon counterpart.
Note the homogenous localization of SF-25 antigen in most if not all tumor cells
and its lack of expression on the adjacent normal phenotype (( \. Magnification
xlOO.

eluding esophagus, stomach, small and large intestine, thyroid,
lung, liver, pancreas, adrenal gland, skeletal muscle, and myo
cardium. In the kidney, no staining of the glomerulus, proximal
tubule, or connective tissue was observed. Staining was present
in a subpopulation of distal tubular cells and the pattern was
diffuse and cytoplasmic. Sections of LS-180 tumors grown in
nude mice and human adenocarcinoma of the colon fixed with
paraformaldehyde and subsequently paraffin embedded did not
stain indicating that the antigenic reactivity was disrupted by
these procedures.

Identification of SF-25 Antigen. The presence of SF-25 anti
gen on the surface of FOCUS cells was examined by immuno-
precipitation of 125I-labeled cell surface proteins. As shown in

Fig. 6, a protein of approximately M, 125,000 was isolated
from FOCUS cell membranes. Another M, 200,000 band is
also seen but was not present in subsequent experiments. Also
presented for comparison are two other MAb immunoprecipi-
tations; AF-10 is a positive control and SF-22 is the negative
control for antigens previously known to be present on these
cells and subject to identification by this technique.4

We attempted to further characterize the SF-25 A/r 125,000
cell surface antigen with [15S]methionine and ['H]glucosamine

labeling experiments followed by capture with SF-25 antibody
coupled to beads and subsequent SDS-gel electrophoresis.
These experiments were unsuccessful despite varying incuba
tion condition, pulse times autoradiographic times. We in
cluded in these experiments an analysis of AF-20 antigen as a
positive control; the results have been published elsewhere (16).
We were unable to identify SF-25 antigen by both direct and
indirect Western immunoblots. We also reacted FOCUS cells
with MAbs to CEA, 17-1A, and 19.9 antigens (100 Mg/ml,
kindly supplied by Dr. Peter Dadonna Centocor, Malvern, PA)
in the presence of [125I]SF-25; no inhibition of binding was

observed.
In Vivo Biodistribution of SF-25. Nude mice bearing LS-80

colon tumors were injected i.v. with 125I-labeled SF-25, and the

specific activity in tumor was compared to that in the normal
mouse tissues (Fig. 7). The colon tumors showed a high uptake
of radioactivity. As depicted in Table 2, tumor/tissue ratios
were examined and at 48 h for example were found to be 32.4
Â±5.1 in intestine, 20.6 Â±6.2 in stomach, 9.5 Â±3.4 in liver,
12.6 Â±2.2 in spleen, 7.9 Â±2.0 in kidney, 6.3 Â±1.8 in lung, 9.7
Â±1.0 in thyroid, and 9.8 Â±1.8 in heart.

Further evidence of specific localization was established by

Fig. 6. Cell surface labeling of FOCUS with '"I followed by immunoprecipi-
tation with MAb SF-25 and two other MAbs [AF-10 positive control and SF-22
negative control] also produced against FOCUS. Note that SF-25 identifies a cell
surface protein of approximately M, 125,000.

4 Unpublished observations.
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Fig. 7. Biodistribution of [125I]SF-25 in nude mice bearing LS-180 generated

adenocarcinomas of the colon. There are three mice at each time point. Note that
uptake in the tumor is rapid, prolonged, and does not change significantly over
72 h of observation.

Table 2 Uptake ofSF25 in adenocarcinoma of colon compared to normal tissues
'IJSF25 (Tumor/tissue)

Organ 24 hÂ° 48 h 72 h

TumorHeartNeckLungKidneySpleenLiverStomachIntestine1.006.17
.676.69
.303.94
0.785.97
.345.29
.375.48
.107.47

4.5114.85
2.001.009.84

Â±1.759.73
Â±0.976.31

Â±1.777.88
Â±2.0512.60
+2.219.48
Â±3.4020.58
Â±6.1532.43
Â±5.071.0010.78

Â±3.049.92
Â±2.495.77
Â±1.508.67
Â±2.0012.67
Â±1.989.82
Â±3.9118.50+

1.3231.77
Â±4.17

1There were three mice at each time point.

Fig. 8. Specific localization of [I25I]SF-25 to tumor compared to a "'I-labeled

nonrelevant MAb. The localization index is a ratio of the two in tumor and
normal tissues divided bv the same ratio in the blood.

comparing 125I-labeledSF-25 and '"I-labeled nonspecific MAb

(B2TT) injected simultaneously into tumor bearing mice (Fig.
8). The localization indices derived from the ratio of specific to
nonspecific activity in tumor divided by the same ratio in the
blood were 1.81 Â±0.46 (24 h), 3.07 Â±0.34 (48 h), and 2.75 Â±
0.33 (72 h) [P < 0.001 when compared to normal tissues (0.97
to 1.19) at 48 h].

In Vivo Detection of Colon Adenocarcinomas. Nuclear imag
ing of LS-180 tumors was also performed. Fig. 9 shows a
representative imaging study demonstrating the localization of
[i:'I]SF-25 in tumors at 48 h (Fig. 9, B and C). Radiolabeled

SF-25 clearly visualized xenographs of human colon cancer.

6577

Fig. 9. Nuclear imaging by |'"I]SF-25 of nude mice bearing LS-180 generated
adenocarcinomas of the colon. (. imaging of a tumor bearing animal with the
nonrelevant '"I-labeled BÃ®TTmonoclonal antibody; B and C, two animals imaged
with ['"I)SF-25; D. the same mouse as in B (in reversal) illustrating the size of
the tumors. All imaging was performed at 48 h in this experiment.

Blood pool images of lung, heart, or liver were not prominant
compared with high intensity imaging of tumors. In contrast
no specific localization was observed with ['"IJBiTT (Fig. 9A)

and only the blood pool but not the tumor is visualized.

DISCUSSION

We have studied an antigen expressed on the surface of
malignant cells which may be useful for in vivo localization of
adenocarcinoma of colon. The antigen identified by MAb SF-
25 appears to be novel and not previously described. Some of
the more interesting features of this antigen are: (a) Its homog
enous expression on colon adenocarcinomas in vivo and uni
form distribution in most if not all tumor cells, (b) The epitope
to which SF-25 binds is disrupted by mild fixation, denaturing
gels and detergent extraction, (c) The epitope resides on a cell
surface protein and probably is present in the cytoplasms as
well with a molecular weight of approximately M, 125,000 as
shown by I25l-labeling experiments (Fig. 6). Cell surface binding

was not disrupted by 2% trypsin exposure. Most other previ
ously described antigens associated with gastrointestinal malig
nancies have on further characterization revealed a mucin gly-
coprotein or glycolipid structure (17-22). In this regard, some
of the characteristics of the SF-25 antigen may be due in part
to the immunizing cell type. The FOCUS cell line was derived
from a human hepatocellular carcinoma and does not secrete
large amounts of mucin glycoproteins (3). (d) The antigen is
closely associated with the malignant phenotype and appears
not to be expressed on adjacent normal colon or other normal
tissues with the exception of a subpopulation of distal tubular
cells of the kidney. SF-25 binds to all colon and hepatoma cell
lines tested as well as several others. Thus, the epitope is not
confined to a specific tumor cell type but instead is most closely
associated with malignant transformation in general.

The SF-25 antigen appears different from those previously
described antigens associated with adenocarcinomas of the co
lon. For example, the well-characterized CEA is a glycoprotein
of higher molecular weight (22, 23). CA 19-9 recognizes a
carbohydrate determinant (sialylated lacto-/V-fucopentose II; a
hapten of the human Lea blood group antigen) found on both

mucin glycoprotein and lipid (24, 25). CO 29.11 detects also a
sialylated Lea antigen but is directed towards a different epitope
and has a higher binding affinity than CA 19-9 (26). Further
more, antibodies to CEA and 19-9 do not inhibit the binding
of SF-25 to its epitope on FOCUS cells. Similarly, DU-PAN-
2 detects a mucin-like antigen isolated from a human pancreatic
adenocarcinoma (18). Monoclonal antibodies directed against

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2433230/cr0480226573.pdf by guest on 19 M

ay 2023



MONOCLONAL ANTIBODY AGAINST COLON ADENOCARCINOMA

such antigens do not uniformly react with all adenocarcinomas
of the colon by immunoperoxidase staining (27) or by direct
binding assays. In addition, CEA, and antigens recognized by
CA 19-9, CO 29.11, and DU-PAN-2, represent cell products
that are secreted or shed into cell culture supernatants from the
immunizing cell type. They are often in the serum of patients
with a variety of gastrointestinal malignancies (26, 28-30). In
contrast we have not identified SF-25 antigen in cell culture
supernatants from hepatoma and colon adenocarcinoma cell
lines or in the serum of patients with gastrointestinal malignan
cies by a "simultaneous sandwich" homologous immunoradi-

ometric assay (31).
Another well-characterized monoclonal antibody, designated

B72.3 was produced against a membrane rich fraction of a
metastasis derived from a mammary carcinoma (32). This an
tibody detects a large mucin glycoprotein TAG-72 (tumor as
sociated glycoprotein) of >M< 1,000,000 (17). The antigen was
expressed in only one of 18 colon cancer cell lines (33) but in
vivo it was detected in 80-85% of colon adenocarcinomas and
their metastasis (33, 34). The in vivo distribution was found to
be quite heterogenous as shown by immunoperoxidase staining
of formaldehyde fixed paraffin embedded tissue specimens.
Binding of B72.3 to its epitope on TAG-72 was substantially
reduced by neuraminidase digestion and this suggests that sialic
acid is an important structural component of the epitope (17).
TAG-72 antigen was also found in the serum of patients with
gastrointestinal malignancies (35). Another antibody produced
against a membrane-enriched fraction of a biopsy from a pri
mary colon adenocarcinoma has also been described (36). How
ever expression of this antigen appears to correlate with a more
differentiated state and therefore is highly expressed on normal
colon and less on the transformed phenotype.

There is, however, one previously described MAb with some
similar features to SF-25. The 17.1A antibody was produced
against a colorectal adenocarcinoma cell line (37) and detects a
labile antigen sensitive to methanol, ethanol, and formaldehyde
fixation and paraffin embedding (38). Also, the antigen is
resistant to neuraminidase treatment and binding activity is
abolished by protease treatment which suggests that the 17.1A
binding domain is a nonmucin, non-sialic acid structure. Fur
thermore, the antigen is displayed on the distal convoluted
tubular cells of the kidney like SF-25 and is expressed on most
adenocarcinomas of the colon in situ by immunoperoxidase
staining of fresh frozen tissue sections; the molecular weight,
however, is about M, 40,000 (31). Nonetheless, MAb 17.1A
appears different from SF-25 antigen not only in its molecular
weight but also since it is highly expressed on normal colon
and small bowel as well as pancreas, gallbladder, cystic duct,
and sweat glands (38). Furthermore, 17.1A antibody does not
inhibit the binding of [125I]SF-25to its epitope on FOCUS cells.

The 17.1A IgG2a antibody has been of particular interest since
it apparently has potential for in vivo immunotherapy of colon
adenocarcinoma (39-42). Recently a chimeric mouse-human
construct has been produced by recombinant DNA techniques
and the hybrid demonstrates the same biological and antigen
binding properties as the native molecule (43).

Finally, there are a number of other monoclonal antibodies
described that react with adenocarcinomas of the colon both in
vitro and in vivo (44-49). Some of them are directed against
glycoprotein determinants (44, 48) and limited specificity test
ing to date suggest that they are quite different from SF-25.
Such antibodies have been produced in an attempt to distinguish
between the antigenic properties of the normal colon epithelial
cell and its transformed phenotype. In this regard a mucin

glycoprotein antigen designated large external antigen has re
cently been described (44); it appears to be constitutively ex
pressed on colon cancer by immunoperoxidase staining of fresh
tissue but was not found on adjacent normal colon. This anti
genic determinant identified by MAb ND-1 was neuraminidase

sensitive and is expressed on fetal colon and biliary epithelium
as well as normal cervix and uterus. The authors speculate that
large external antigen is a mucine glycoprotein associated with
the malignant phenotype.

MAb SF-25 proved to be an excellent antibody for tumor
localization in vivo using the nude mouse model. We are led to
believe from our observations detailed in Figs. 5 and 7-9 that
the following properties of the SF-25 antibody-antigen inter
action may be responsible for its ability to localize tumors. In
the first place, the SF-25 antigen is uniformly expressed in all
(17/17) adenocarcinomas of the colon studied thus far and not
on adjacent normal colon. We are presently trying to confirm
that the epitope recognized by SF-25 is a primary gene product
by means of molecular cloning. Secondly, the antigen is dis
played on the cell surface as shown by direct binding studies
with live cells (Fig. 1). I25I cell surface labeling experiments

followed by immunoprecipitation provides further evidence for
its location on the surface of malignant cells. This cell surface
location is likely to be crucial for epitope accessibility to 125I-
labeled SF-25 binding in vivo. Thirdly, there appears to be little
heterogeneity of antigen distribution among tumor cells within
the colon tumor or between different tumors (Fig. 5). Finally,
this antigen is not shed into culture medium from colon ade
nocarcinoma cell lines or present in serum of patients bearing
colorectal cancers in amounts detectable by a radioimmuno-
metric assay. Thus, radiolabeled antibody may reach the tumor
cell surface without being trapped in immune complexes. SF-
25 shows sufficient sensitivity and specificity to be considered
as a potential tumor targeting agent. It may also contribute to
a better understanding of the antigenic differences displayed on
the cell surface between normal and transformed colonie cells.
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