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ABSTRACT

Four monoclonal antibodies (MoAbs) (35, 115, 17-1A, and B72.3)
directed towards human carcinoma surface antigens have been studied in
athymic nude mice with LS174T, COI 12, or SW948 colon carcinoma
xenografts or negative control melanoma (Ml-'.l -I ), lymphoma (Na-

malwa), and breast (MCF-7) carcinoma xenografts to evaluate the effects
of antigenic heterogeneity and time after administration on localization
and imaging. '"l-labeled 115 showed the highest uptake of any antibody

in LS174T tumors. MoAbs 35 and B72.3 showed similar but lower levels
of uptake in LS174T and COI 12 tumors, but B72.3 concentrated less in
SW948 tumors. 17-1A showed the highest degree of accumulation in
SW948 tumor xenografts. No specific uptake of the four anti-carcinoma
MoAbs was observed in MEL-1, Namalwa, or MCF-7 xenografts. The
specificity of the in viro tumor localization of the four anti-carcinoma
MoAbs was confirmed by the low degree of accumulation of a control
MoAb against influenza virus in LS174T tumors. Imaging studies with
'"I-labeled colorectal cancer MoAbs showed specific uptake and reten

tion in LS174T tumors, with progressive clearance from the whole body.
The colorectal cancer MoAbs were compared for immunohistochemical
binding against biopsies from patients with colorectal cancer and adjacent
normal colonie tissue. Most colorectal cancer specimens showed moder
ate to strong staining with the four MoAbs. The percentage of positive
cells varied within and between tumors demonstrating antigenic hetero
geneity. Absent to slight focal staining was seen with normal colon tissue.
B72.3 showed the highest degree of staining specificity. This study
indicates a difference in the immunohistochemical binding of a panel of
MoAbs against biopsies of colon adenocarcinoma and a dependence of in
vivo localization on the human colon cancer cell line used as target. This
has important implications for future clinical diagnostic and therapeutic
studies.

INTRODUCTION

Carcinoma of the colon and rectum ranks among the most
frequent malignant diseases affecting some 5% of United States
born men and 6% of United States born women (1). It has been
estimated that there will be approximately 145,000 new cases
and 60,000 deaths from the disease in 1987 (2). Given the
current limits to the detection and treatment of recurrent or
metastatic colorectal cancer, radiolabeled antibodies to colorec
tal tumor-associated antigens offer multiple attractive possibil
ities. For instance, in patients thought to be surgically cured or
in complete remission, the use of MoAbs3 for tumor localization

might permit one to uncover unsuspected residual disease.
Linked to appropriate drugs, toxins, or radionuclides, MoAbs
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have therapeutic potential as well, with the likelihood that such
therapy could be far more tumor directed and specific than
heretofore possible.

Some initial success has been reported by Goldenberg et al.
(3-6) for the clinical localization of primary and secondary
colorectal cancer with 13ll-labeled affinity-purified polyclonal

antibodies to CEA. These results have been only partially
confirmed by other investigators (7-11) who used polyclonal
anti-CEA antibodies. Mach and several other groups of inves
tigators (12-25) have used MoAbs or fragments of MoAbs
against CEA or other colorectal tumor-associated antigens for
the successful localization of primary or secondary deposits of
colorectal carcinoma. MoAb B72.3 has been administered both
i.v. and i.p. to localize carcinoma mÃ©tastases in colorectal
carcinoma patients (24, 25). Several investigators (12-14, 16,
21) reported that single photon emission computerized tomog
raphy can improve the sensitivity and specificity of tumor
detection by radiolabeled MoAbs to colorectal tumor-associated
antigens.

In order to understand the use of radiolabeled MoAbs it is
necessary to define the parameters affecting localization and
imaging including antibody, antigenic heterogeneity, and time
after administration. We have chosen the nude mouse model
(26) to evaluate quantitatively, in a controlled reproducible
manner, the effects of these parameters on tumor localization.
Several human colon cancer cell line xenografts were used to
assess the question of antigenic heterogeneity. Another impor
tant approach to the choice of a MoAb for clinical localization
studies is the examination and comparison of the reactivity of
a panel of the most successful MoAbs presently available with
biopsies from patients of primary and metastatic colorectal
cancer and normal tissues. Direct comparison of antibodies
may provide useful information concerning the relative expres
sion of target antigens in clinical material and help to determine
which MoAb should produce the best tumor localization in
patients in vivo. The goal was to determine which of the
radiolabeled MoAbs might be most useful in future clinical
localization and therapy studies based on the results of the
tissue binding and animal localization studies.

MATERIALS AND METHODS

Monoclonal Antibodies. The murine MoAbs, 35 and 115, are IgGl
antibodies that recognize the same or a closely related epitope of CEA
(27). The derivation of hybridomas that secrete these anti-CEA anti
bodies and their in vitro selection is described elsewhere (27,28). MoAbs
35 and 115 did not react with either granulocytes or purified granulocyte
glycoproteins NCA-55 or NCA-95 (27). The affinities of these antibod
ies for CEA using the method of Steward and Petty and also Saudiani
analysis were 5.8 x 10' NT1 and 1.4 x 10' M~', respectively (28).

Preparations of 35 and 115 antibodies purified from ascites by ammo
nium sulfate precipitation and DE-52 cellulose ion-exchange chroma
tography were used.

Murine MoAb 17-1A is an IgG2a antibody reactive with a M,
30,000-41,000 gastrointestinal cancer associated antigen confined to
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the cell surface (29, 30) with an affinity when tested on SW948 colon
carcinoma cells by Scatchard analysis of 0.7 x 10* M~".The antibody

was reported to bind to colon, gastric, and pancreatic carcinoma and
did not bind to melanoma, fibrosarcoma, astrocytoma, myeloma, lym-
phomas, and normal human tissues.

MoAb B72.3 is a murine IgGl antibody reactive with the high
molecular weight TAG-72 glycoprotein antigen expressed on colorectal,
breast, lung, gastric, endometrial, and ovarian carcinoma (24, 25). The
TAG-72 antigen has been shown to be distinct from CEA and the
antigen recognized by MoAb 17-1A. The hybridoma for B72.3 was
obtained from the American Type Culture Collection (Rockville, MD),
and the antibody was purified by ammonium sulfate precipitation from
ascites fluid obtained in pristane-primed BALB/c mice. Some B72.3
purified from ascitic fluid by ammonium sulfate precipitation and ion-
exchange chromatography at the National Cancer Institute was also
used.

Two control MoAbs were used. Anti-J5 is a murine IgG2a antibody
reactive with the common acute lymphoblastic leukemia antigen which
is expressed on follicular lymphoma cells as well as most acute lym
phoblastic leukemia cells (31). It was kindly provided in purified form
by Dr. Kenneth Kortrighi (Coulter Immunology, Hialeah, FL). Murine
MoAb 11-4B5 is an IgG2a antibody that recognizes influenza virus.
Antibody concentration was determined using the Bio-Rad protein
assay standardized with bovine -y-globulin (Bio-Rad, Richmond, CA).

Immunohistochemical Staining of Tissues. The avidin-biotin com-
plex/immunoperoxidase method of Hsu was used as described else
where (32). Formalin-fixed paraffin-embedded sections from 10 biop
sies or resections of moderately differentiated colorectal carcinomas
with adjacent nonneoplastic and colonie tissues were cut 4 Â¿tmthick,
dewaxed, and then treated with H2O2-methanol (1%) for 15 min. After
a wash in PBS, pH 7.2, the tissues were incubated with saturating
concentrations (6-100 Mg/ml) of the different MoAbs for 60 min at
37Â°C,followed by washes in PBS, and then incubated with biotin IgG

(Vector Laboratories, Burlingame, CA) for 30 min. After PBS washes
and incubation in avidin-biotin/peroxidase complex (Vector Labora
tories, Burlingame, CA) for 30 min, the tissues were treated with
diaminobenzidine-HCI (40 mg/dl) with 0.05% H2O2, washed with
distilled water, and counterstained with hematoxylin. The slides were
scored on the basis of the percentage of cells stained from very focal
(less than 5% cells stained), to focal (5-30% cells stained), to diffuse
(greater than 30% cells stained). The intensity of the stain was quanti-
tated from absent (0), to slight (1-2+), to moderate (3+), to intense
(4+), and the location of the stain (i.e., superficial crypts, invasive or
luminal). Negative control slides consisted of substituting a mixture of
mouse myeloma proteins for the MoAbs during the assay. There was
no staining of the tissues in the negative control slides.

Radiolabeling and Characterization of Labeled Antibodies. lodination
and characterization of radiolabeled MoAbs were performed by stand
ard techniques. Purified 35,115, and 17-1A antibody preparations were
labeled with I25Ior '"I (Amersham Corp., Arlington Heights, IL) by

the ICI method of Contreras et al. (33, 34), and purified B72.3 antibody
was labeled with '"I or I3'I (New England Nuclear, Boston, MA) by
the lodogen method described by Paterson et al. (35) or with "'I

(Amersham) by the ICI method. Labeling efficiency was determined as
the amount of radioactive iodine incorporated into the recovered prod
uct as compared to the amount of radioactive iodine added to the
reaction mixture. Specific activity is expressed as a ratio of mCi of
radionuclide attached per mg of antibody in the final product.

HPLC was used to analyze the radiolabeled MoAbs. Radiochemical
purity was determined by HPLC analysis using a high-pressure, gra
dient pumping system (Model 110B solvent pumps. Model 45 control
ler; Beckman Instruments, Irvine, CA), mobile phase of pH 7.4 PBS (1
ml/min), and a 7.5- x 300-mm Spherogel TSK 4000 SW (Beckman
Instruments) gel exclusion column connected to a multichannel IV
Vis HPLC detector (Beckman Model 165) in series with an in-line
radioactivity detector (Beckman Instruments Model 170). A DEAE
(7.5-mm x 7.5-cm) PW5 anion-exchange column (Waters Chromatog
raphy Div., Milford, MA) was also used to check antibody purity with
a 30-min linear gradient starting in 20 mM Tris-HCl (pH 8.5) and
running to 20 mM Tris-HCl/0.3 M NaCl (pH 7) at 1 ml/min using a

gradient pumping system (Waters Model 1600) and a multichannel
UV/Vis detector (Waters Model 490). Gel electrophoresis under re
ducing and nonreducing conditions was also performed with the labeled
antibodies to reaffirm purity and to determine the molecular weights
of the products.

Cell Lines. The LS174T human colon adenocarcinoma cell line was
obtained from the American Type Culture Collection (Rockville, MD).
The SW948 human adenocarcinoma cell line was obtained from Dr.
Kenneth Foon (Roswell Park Memorial Institute, Buffalo, NY). The
COI 12 human colon carcinoma cell line (26) was provided by Dr. Jean-
Pierre Mach (University of Lausanne, Epalinges, Switzerland). The
colon carcinoma cell lines were grown as a monolayer in Eagle's
minimal essential medium with Earle's salts and nonessential amino

acids (Whittaker M. A. Bioproducts, Walkersville, MD) supplemented
with 10% fetal bovine serum (Hyclone, Logan, UT). The cell lines were
passaged at greater than 60% confluence by trypsinization, until 1 week
before injection into nude mice when the monolayer was scraped from
the T-75 flask (Corning, Corning, NY) with a cell scraper (Hyclone).
The UMCC-MEL-1 human melanoma cell line was obtained from Dr.
Thomas Carey, University of Michigan. A malignant B-lymphoblastoid
cell line, Namalwa, derived from a patient with Burkitt's lymphoma

was kindly provided by Dr. Robert Dillman (Scripps Clinic and Re
search Foundation, La Jolla, CA). The human fibrosarcoma cell line
HT-1080 was obtained from the American Type Culture Collection. A
subline of MCF-7 human breast carcinoma cells, E3 (36), was provided
by Dr. Barkley Butler (Michigan Cancer Foundation, Detroit, MI). For
the in vitro binding assays, the monolayer cells were harvested after one
wash with Dulbecco's PBS without Ca2* and Mg2+ and a 2-10-min
incubation at 37Â°Cwith 2 ml of 2 mM tetrasodium EDTA in the same
Dulbecco's PBS with 0.05% KC1, pH 7.4, with a 5-ml EDTA wash

before incubation for the SW948 cells.
Live Cell Radioimmunoassay. The immunoreactivity of radiolabeled

MoAb preparations was measured using an in vitro live cell binding
assay. LS174T, COI 12, and SW948 colon carcinoma cells and MEL-
1 melanoma cells were harvested with EDTA solution, centrifuged, and
resuspended in RPMI 1640 containing 10% fetal bovine serum at a
concentration of 2 x IO7cells/ml. Three-tenths ml of the cell suspension
(6 x IO6cells) was placed into 12- x 75-mm polystyrene test tubes, and

a volume of radiolabeled antibody containing about 0.03 ^Ci of radio
activity was added to duplicate tubes. Tubes were incubated in a 37'C

water bath for l h with constant shaking and then counted in a well-
type gamma counter (Auto-Gamma spectrometer, Model 5650; Pack
ard Instruments, Downers Grove, IL) to determine the total radioactiv
ity added. After 3 washes with 1 ml RPMI 1640 containing 10% fetal
bovine serum, the tubes were recounted to determine the percentage of
radiolabeled antibody bound to the cells. The percentage binding was
calculated by dividing the amount of radioactivity bound after washing
above background by the amount added to the tubes less background x
100.

Membrane-enriched Extract Preparation. LS174T expresses the an
tigen for MoAb B72.3, TAG-72 (35). LS174T tumors were grown as
xenografts in nude mice by injecting 5x10' cells in sterile PBS s.c. in
the flank, above the hind leg. A membrane-enriched extract was made
from the solid tumors using the method described by Johnson et al.
(37).

Radioimmunoassays. The assay for measuring the binding of radio-
labeled B72.3 antibody to a membrane-enriched extract has been de
scribed previously (35, 37, 38). Briefly, 5 ^g of LS174T membrane-
enriched extract in 50 n\ of 0.01 M PBS were added per well of a 96-
well polyvinyl chloride plate (Flow Laboratories, McLean, VA) and
allowed to dry completely in a 37Â°Coven overnight. The plates were
stored at -20'C and the appropriate number of wells were cut from the

plates for each assay. Wells were treated with 1% bovine serum albumin
in PBS for l h at room temperature immediately prior to use. Immu
noreactivity of radiolabeled antibody was assayed by adding approxi
mately 100,000 cpm of the antibody in 100 n\ PBS to each treated
extract-coated well, in triplicate, incubating at 4Â°Covernight, washing

3 times with 0.01 M PBS, and counting the wells to determine percent
age of bound radioactivity.

Radiolabeled MoAbs were tested for binding activity to CEA by
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overnight incubation in 0.15 M PBS at 25Â°Cwith 2.5 /Â¿gCEA bound

to CNBr-activated Sepharose 4B (Pharmacia Fine Chemicals, Inc.,
Piscataway, NJ). Briefly, 0.5 ng of '"Â¡-labeled MoAb was added to a
50-^1 suspension of CEA-Sepharose in 12- x 75-mm polystyrene test
tubes. The volume was brought to 250 M' with PBS containing 5%
human serum albumin and 1% normal mouse serum. The mixture was
incubated overnight on an orbital shaker. The tubes were counted in a
well-type scintillation counter, the CEA-Sepharose was washed 3 times
with the same PBS buffer with centrifugation at 2000 x g for 10 min,
and the tubes were counted again. The percentage binding was calcu
lated by dividing the amount of radioactivity bound after washing above
background by the amount added to the tubes less background x 100.
Control binding studies were done with 2.5 Â¿igcontrol IgGl produced
by the P3X63Ag8 myeloma bound to CNBr-activated Sepharose. The
assays were done in duplicate and the averages of 2 assays are reported.

Mice. Athymic nude female CD-I or NIH Swiss mice, 4-5 weeks
old, were obtained from Charles River, Inc. (Wilmington, MA), or
Taconic Farms, Inc. (Germantown, NY). Mice were kept under sterile
conditions in a laminar flow room in cages with filter bonnets and were
fed sterilized mouse diet and sterilized tap water.

Establishing Colon, Melanoma, Breast, or Lymphoma Tumors in Nude
Mice. The LS174T, COI 12, SW948, and MEL-1 tumor cells were
suspended in PBS at a concentration of 25 x 106cells/ml. Cell viability
was determined by trypan blue dye exclusion. Cells (5 x IO6)in sterile
PBS were injected s.c. into the flank of nude mice. The MCF-7 E3 line
required estrogen supplementation for growth as s.c. xenografts in nude
mice. This was accomplished by inserting a 0.5 mg pellet of 17/3-
estradiol (Innovative Research, Gaithersburg, MD) by trocar transfer
into the intrascapular region. The procedure to establish human B-cell
Namalwa tumors in athymic nude mice was similar to that described
by Leonard et al. (39). For irradiation, mice were placed in a Lucite
holder and then exposed to 200 rad MCo X-irradiation once a week for

3 consecutive weeks. One week following the final dose, animals were
given s.c. injections in the flank of a mixture of 1.2 x IO7 Namalwa
cells and 5 x IO6 HT-1080 fibrosarcoma cells in 0.5 ml RPMI 1640
medium containing 10% fetal calf serum. HT-1080 cells were X-
irradiated with 6000 rad from a 60Coirradiator within l h of injection.
Namalwa tumors began to appear within 2-4 weeks after injection.
Growing tumors were measured with a vernier caliper at regular inter
vals. When the tumors were approximately 0.6 x 0.6 cm at about 10
days after tumor injection for colon and melanoma tumors or 3 weeks
for lymphoma tumors, the animals were given injections of radiolabeled
antibodies and the biodistribution was determined.

Biodistribution. In vivo tissue distribution was conducted in nude
mice bearing LS174T, COI 12, SW948, MEL-1, or Namalwa tumors
following i.p. administration of 0.5 /Â¿Ci'"I-labeled 35, 115, 17-1A,
B72.3, J5, or H24B5 antibodies in 0.2 ml sterile saline. Groups of 4-8
animals were bled, sacrificed, and dissected at 2, 4, and 6 days after i.p.
injection. Tissues and organs were immediately removed, rinsed with
saline, blotted dry, and placed in 12- x 75-mm plastic tubes (Falcon,
Oxnard, CA) and weighed. The samples of blood, tumor, spleen, liver,
heart, lung, kidney, muscle, skin, small intestine, stomach, and femur
were counted in a well-type gamma counter (Model 5650; Packard
Instruments). All animals received potassium iodide in their drinking
water starting 1 day prior to administration of radiolabeled antibodies.
Results of labeled antibody biodistribution are typically expressed as %
ID/g and as tissue/blood ratios of the concentration (cpm/g) in the
tissue relative to the blood at selected time points. The biodistribution
data were analyzed on a logarithmic scale by a one-way analysis of
covariance with tumor weight as a covariate. Each group was adjusted
for equal average tumor weights at the same time point after MoAb
administration. The comparison of the means was done using a Bon-
ferroni adjustment to adjust for the multiple tests of equality.

Imaging Studies. Mice with LS174T tumors were given i.p. injections
of 130-300 fid of 131I-labeled 35, 115, 17-1A, or B72.3 antibody.

Animals received potassium iodide in their drinking water prior to and
following l:"l-labeled antibody administration to reduce thyroid uptake.
Scintigraphic imaging was performed at 2-10 days after antibody
administration. Mice were anesthetized with sodium pentobarbital and
imaging was then performed using a General Electric 400 ACT gamma

camera equipped with a 4-mm pinhole collimator. Analog and digital
images were acquired from the dorsal view with the collimator posi
tioned approximately 7 cm from the animal. Images were acquired for
50,000 counts each resulting in imaging times of 600-1500 seconds.
To permit visual assessment of relative tumor specificity, digital images
were count normalized using a General Electric STAR computer to
produce visually identical levels of activity in a large region of interest
covering the central torso. Mice were dissected following the final
images and their tissues were counted in a well-type gamma counter.

RESULTS

Immunohistochemical Staining of Tissues. Immunohisto-
chemical studies were performed with the MoAbs against co-
lorectal cancer, using the avidin-biotin complex/immunoper-
oxidase method, on 10 human colorectal cancer tissues and
adjacent normal tissues. The results are presented in Table 1.
The 35 and 115 MoAbs showed very similar staining patterns,
as would be expected based on previously published binding
inhibition studies (27). MoAb 17-1A did not show strong
reactivity with 3 biopsies of colorectal cancer, which did bind
the other MoAbs. Most cases of colorectal cancer showed
moderate to strong staining with 17-1A, 35, 115, and B72.3,
although there were exceptions (cases 3, 4, 7, and 8). In many
cases the percentage of cells that scored positive varied within
each tumor and between different tumors, demonstrating the
antigenic heterogeneity present in most of the neoplasms. Lu
minal staining was prominent with MoAbs 35, 115, and B72.3.
No staining or slight (1-2+) focal staining was seen with normal
colon specimens. MoAb 17-1A showed moderate (3+) focal
staining with 2 normal colon specimens.

Radiolabeling of Monoclonal Antibodies and Characterization
of the Products. Specimens of 0.25-0.5 mg of MoAbs 35, 115,
or 17-1A were labeled with 0.5-2.5 mCi of I25I resulting in
specific activities ranging from 0.3-3.1 mCi/mg. When 0.2-0.5
mg of MoAbs 35, 115, B72.3, or 17-1A were labeled with 2-4
mCi of I3II, the resulting specific activities ranged from 0.3-2.6
mCi/mg. When 40-^g aliquots of B72.3 were labeled with 0.5-
1.0 mCi of I25Iby the lodogen method, the radiolabeled B72.3
antibody preparations had specific activities ranging from 1.2-
4.9 mCi/mg.

Chromatograms obtained by HPLC analysis of unlabeled and
radiolabeled antibodies and gel electrophoresis results indicated
homogeneous preparations of unlabeled and radiolabeled prod-

Table1 MoAbimmunoperoxidasereactivitywithbiopsyspecimens
Antibody

Colon
cancer

17-1A 35 115 B72.3

case12345678910Tumor4+dÂ°3+d1+d00-3+d3-4+d1

+3+f01-3+f1-2+Ml"3+f2-3+f001+vf2+fSup001+vf0Tumor4+dInv4+d2+d2+d4+d4+dInv1+vf2-3+d3-4+d3+dNl2+fSup1+f1+vf1+f1+f1+f01+f1+f1+fTumor4+dInv4+dInv1-2+d1-3+dInv1-4+d4+Inv1+f1-3+d3-4+d4+dNl2+fSup1+f1+f1+f1+f1-2+f1+vf1+f1+f1+fSupTumor4+f3+f1+vf2+vf4+dInv3-4+f3-4+f1-3+d2+vf3-4+dNl02+f002+f00000

" N1, normal colon tissue; 0, absent; 1,2+, slight stain; 3+, moderate stain;
4+, intense stain; vf, very focal, <5% cells stain; f, focal, 5-30% cells stain; d,
diffuse, >30% cells stain; Sup, superficial crypts stain; Inv, invasive cancer, usually
stain moderately intensely. Luminal staining prominent with 35, 115, and B72.3.
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ucts. The 125I-and 13'I-labeled products showed minimal (<2%)

free iodine in the preparations.
Imtnunoreactivity of Radiolabeled Antibodies. The average

percentage binding from samples of 125I-labeled MoAb 35 to 6
x 10" LS174T, CO 112, SW948, and MEL-1 cells was 11.9,
22.6, 1.0, and 0.7%, respectively. The binding of '"I-labeled

MoAb 115 to the same cell lines was 6.5, 18.4, 0.9, and 1.0%.
The binding of I25l-labeled B72.3 to the corresponding cell lines
was 18.3, 14.7, 2.2, and 0.9% while the binding of '"I-labeled
17-1A was 17.3, 28.2, 22.5, and 0.9%, respectively. Binding of
irrelevant control MoAb H24B5 to colorectal carcinoma and
melanoma cell lines was consistently less than 0.8%.

The average percentages of binding of the 125I-labeled 35,
115, 17-1A, and B72.3 MoAbs to CEA immobilized on CNBr-

activated Sepharose were 37.7, 36.5, 16.7, and 7.2%, respec
tively. The corresponding binding of the same MoAbs to control
IgGl immobilized on CNBr-activated Sepharose was 1.9, 5.3,
6.5, and 7.0%, respectively. '"I-labeled control MoAb H24B5

gave 1.3% binding to CEA-Sepharose and 0.5% binding to
control IgGl-Sepharose.

The immunoreactivity of the radiolabeled B72.3 MoAb prep
arations was determined by a solid-phase radioimmunoassay to
5 /ig membrane-enriched fractions prepared from LS174T co

lon cancer cells and to an extract (A375) prepared from mela
noma cells. The average binding Â±SD of 11 labeled antibody
preparations to the LS174T extract was 10.4 Â±5.7%, while the
average binding to the melanoma extract was 0.2 Â±0.3%.

Biodistribution of Radiolabeled Monoclonal Antibodies. The
concentrations of the various MoAbs in tumors and blood are
shown in Table 2. The relative tissue biodistribution of '"I-

labeled 35 MoAb in LS174T tumor-bearing mice with tumors
weighing 0.2-1.1 g at 4 and 6 days after i.p. injection is shown

in Fig. \A. The highest concentration of 35 was in tumor
followed by blood. All other normal tissues had markedly lower
concentrations of MoAb 35. The tumor/blood ratios Â±SD were
6.31 Â±1.18 and 9.30 Â±2.95, at 4 and 6 days after injection,
respectively. The tissue biodistribution of 125I-labeled 35 MoAb
in animals bearing 0.2-1.2 g COI 12 and SW948 tumors are
shown in Fig. 1, B and C. The tumor concentrations in these
animals were significantly lower than in LS174T tumor-bearing
animals. In negative control MEL-1 tumors in the same weight
range, the tumor concentration of '"I-labeled 35 MoAb was

similar to or lower than normal tissues (Table 2; Fig. ID).
The tissue biodistribution of '"I-labeled 115 MoAb in ani

mals bearing 0.2-1.5 g LS174T, COI 12, and SW948 tumors

is presented in Fig. 2. The tumor and blood concentrations are

Table 2 Biodistribution of'"Â¡-labeled MoAbs in tumor-bearing nude mice

â€¢ID/g (mean Â±SD; n = 4-8) at time postinjection

4 days 6 days

TissueBlood

LS174TBlood

SW948Blood

COI12Blood

MEL-1352.00

Â±0.90
12.17Â±4.035.25

Â±1.79
4.05 Â±1.451.28

Â±0.58
5.83 Â±1.983.18

Â±0.33
0.68 Â±0.031153.15Â±

1.21
21. 12Â±5.686.55

Â±3.74
9.01Â±4.313.08

Â±1.53
9.71 Â±4.226.85

Â±2.08
2.09 Â±0.5617-1A6.38

Â±1.97
12.19 Â±1.655.67

Â±0.92
8.43 Â±3.041.54

Â±0.48
7.59 Â±2.446.86

Â±0.73
2.24 + 0.17B72.33.10Â±

1.14
9.87 Â±3.652.93

Â±0.20
0.96 Â±0.29NDÂ°

ND5.24

Â±0.97
0.83 Â±0.19350.86

Â±0.30
7.36 Â±1.631.29

Â±0.84
4.60 Â±1.011.34

Â±0.65
5.70 Â±0.412.74

Â±0.39
0.77 Â±0.131151.94
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Fig. 1. Biodistribution data for 0.5 /iCi "*I-
labeled MoAb 35 in athymic nude mice bearing
(A) LS174T, (B) COI 12, (C) SW948, and (D)
MEL-1 tumor xenografts. At 4 and 6 days
following i.p. injections, tissues were dissected
and counted and the concentration (% ID/g)
in tissues was calculated, n, number of ani
mals/group. BL, blood; HT, heart; LU, lung;
LI, liver; ST, stomach; SI, small intestine; SP,
spleen; AY, kidney; SK, skin; BN, bone; MS,
muscle; TU, tumor.
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Fig. 2. Biodistribution data for 0.5 nCi '"!-

labeled MoAb 115 in athymic nude mice bear
ing (A) LS174T, (B) COI 12, (C) SW948, and
(D) MEL-1 tumor xenografts. At 4 and 6 days
following i.p. injections tissues were dissected
and counted and the concentration (% ID/%)
in tissues was calculated, n, number of ani
mals/group. Note the larger scale in A. BL,
blood; HT, heart; LU, lung; LI, liver; ST, stom
ach; SI, small intestine; SP, spleen; Kl, kidney;
SK, skin; BN, bone; MS, muscle; TU, tumor.
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shown in Table 2. LS174T tumors had significantly higher
concentrations of 115 MoAb than the other tumors. The tumor/
blood ratios were 7.13 Â±1.84 and 11.18 Â±3.80 at 4 and 6 days
after injection in LS174T tumor-bearing animals, 3.52 Â±1.46
and 4.67 Â±0.88 at 4 and 6 days after injection in COI 12 tumor-
bearing animals, and 1.58 Â±1.00 and 1.68 Â±0.38 in SW948
tumor-bearing animals. The tumor/blood ratios were signifi
cantly different in each of these groups of animals. The tumor/
blood ratios for I25l-labeled 115 MoAb in negative control
MEL-1 tumors in the same weight range were negative with
values of 0.32 Â±0.12 and 0.29 Â±0.08 at 4 and 6 days,
respectively.

Tissue biodistribution results with I25l-labeled 17-1A MoAb
in LS174T, CO 112, and SW948 tumor-bearing animals are
shown in Fig. 3. The concentrations of 17-1A in tumors and
blood are shown in Table 2. The tumor/blood ratios at 2, 4,
and 6 days after injection in LS174T tumors of 0.3-1.6 g were
1.64 Â±0.76, 2.07 Â±0.67, and 2.28 Â±1.37. The tumor/blood
ratio of 13'I-labeled control J5 lymphoma antibody at 4 days

after i.p. injection in 3 LS174T tumor-bearing mice was 0.94
Â±0.17, while the tumor/blood ratio for the pair-labeled I25I-
17-1A in the same animals was 1.89 Â±0.88. The tissue/blood
ratios for other tissues and organs were very similar for the 2
antibodies (data not shown). The tumor concentrations of 17-
1A in SW948 tumors weighing 0.3-1.2 g were 8.56 Â±1.93,
8.43 Â±3.04, and 10.11 Â±2.25% at 2, 4, and 6 days after i.p.
injection, respectively (Fig. 3C). The tumor/blood ratios of 17-
1A in SW948 tumors at 2, 4, and 6 days after injection were
1.31 Â±0.81, 1.51 Â±0.58, and 1.85 Â±0.28. The concentration
of I25l-labeled 17-1A in negative control Namalwa tumors

weighing 0.8-2.3 g was 2.43 Â±0.55% at 4 days after injection,
which was significantly lower than in colon tumors. The tumor/
blood ratio in these Namalwa tumor-bearing animals was 0.50
Â±0.17. The concentration of '"I-labeled 17-1A at 6 days after
injection in 4 negative control MEL-1 tumors weighing 0.4-
1.9 g was significantly lower than in the colon tumors (Table
2). The tumor/blood ratio in these animals was 0.35 Â±0.10.

The tissue biodistribution of 125I-labeled B72.3 MoAb is

shown in Fig. 4. The highest concentrations of B72.3 were in

colon tumors that had been shown to bind to this MoAb in
vitro. Lower concentrations were obtained in blood and still
lower concentrations in other normal tissues. The respective
tumor/blood ratios were 1.63 Â±0.41, 3.23 Â±0.69, and 5.85 Â±
4.68 at 2, 4, and 6 days after injection for LS174T tumors
weighing 0.4-1.4 g. The tumor/blood ratio in COI 12 tumors
weighing 0.2-0.9 g at 6 days after injection was 1.61 Â±0.84.
The tissue biodistribution of 125I-labeled B72.3 MoAb in nega
tive control MEL-1 (Fig. 4fl) and MCF-7 E3 tumors (data not
shown) showed low uptake of the antibody in these tumors
growing in nude mice. The tumor/blood ratio of I25l-labeled

B72.3 MoAb in animals bearing SW948 tumors at 6 days after
injection was only 0.75 Â±0.42, which was significantly lower
than the ratios obtained in LS174T and COI 12 tumor-bearing
animals.

The tissue biodistribution of nonspecific control 125I-labeled

H24B5 MoAb directed against influenza virus was studied in
LSI 74T tumor-bearing nude mice. The concentrations in tumor
at 2, 4, and 6 days after administration were 2.67 Â±1.49, 3.52
Â±2.64, and 2.22 Â±0.46%, respectively, which were significantly
lower than those obtained with the 4 anti-carcinoma MoAbs.
The corresponding concentrations in blood were 4.86 Â±2.91,
5.61 Â±2.98, and 4.66 Â±1.12%. The respective tumor/blood
ratios were 0.56 Â±0.07, 0.59 Â±0.12, and 0.48 Â±0.06, which
were significantly lower than those obtained with the anti-
carcinoma antibodies.

Imaging of 131I-labeled Colorectal Cancer Monoclonal Anti

bodies in Nude Mice Bearing LS174T Tumors. The scintigraphic
images of I31I-labeled 35, 115, 17-1A, and B72.3 MoAbs pro
duced by the ICI method in LSI 74T tumor-bearing animals are
shown in Figs. 5-8, respectively. They show uptake in tumor,
with a reduction in the blood pool and normal tissues from 2
to 10 days after injection. After the last imaging, the mice were
dissected and the tissues were counted in a well-type gamma
counter. The biodistribution results were similar to those ob
tained with I25l-labeled antibodies, as shown in Figs. IA, 2A,
3A, and 4A. The images and tissue biodistribution of I31l-labeled

B72.3 produced by the lodogen method were similar to those
obtained using B72.3 antibody labeled by the ICI method.
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Fig. 3. Biodistribution data for 0.5 iiCi '"!-
labeled MoAb 17-1A in athymic nude mice
bearing (A) LS174T, (B) CO 112, (C) SW948,
and (D) MEL-1 tumor xenografts. At 2, 4, or
6 days following i.p. injections, tissues were
dissected and counted and the concentration
(% ID/g) in tissues was calculated, n, number
of animals/group. BL, blood; HT, heart; LU.
lung; / /. liver; ST. stomach; SI. small intestine:
SP. spleen; Kl, kidney; SK. skin; BN, bone;
MS, muscle; TU, tumor.
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Fig. 4. Biodistribution data for 0.5 jiCi '"I-
labeled MoAb B72.3 in athymic nude mice
bearing (A) LS174T. (A) COI 12, (C) SW948,
and (D) MEL-1 tumor xenografts. At 2, 4, or
6 days following i.p. injections, tissues were
dissected and counted and the concentration
(% ID/g) in tissues was calculated, n, number
of animals/group. BL, blood; HT. heart; LU,
lung: LI, liver; 57",stomach; SI, small intestine:

SP, spleen; A7, kidney; SK, skin: BN, bone;
MS, muscle; TU, tumor.
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DISCUSSION

Recent studies have demonstrated that radiolabeled MoAbs
to CEA and other carcinoma surface antigens detected approx
imately 50-75% of colorectal carcinoma lesions by external
scintigraphic imaging (12, 16, 17, 19, 20, 23, 24). However, it
has been shown by immunohistochemical studies that there is
a great deal of heterogeneity in antigenic expression within
colon tumor masses (40, 41). On the basis of these findings, we
decided to investigate several of the most promising anti-car
cinoma MoAbs for immunohistochemical binding to biopsies
of colorectal cancer and normal tissues and for tumor localiza
tion in athymic nude mouse models against several human
colon carcinoma xenografts in an effort to define which MoAb
might be most useful for future clinical localization and therapy

of these tumors. We chose an animal model of nude mice
xenografted with human colon carcinoma cell lines, already
developed for that purpose in 1974 (26). This model has the
advantage of testing the ability of radiolabeled MoAbs to reach
and bind the antigenic determinants accessible in a living tumor.
The nude mouse xenograft model can be useful for providing a
measure of the potential of an antibody for both imaging and
therapy of tumors since it indicates the amount of specific
antibody retained by tumor and its residence time. This would
help to define its effective half-life and dosimetry for optimal
therapeutic administration. This model has the limitation, how
ever, that the nude mice contain no normal human tissue
counterpart where some antibody may bind as they might do
when administered to patients.

The tumor localization results obtained with several different
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Fig. S. Whole body scintigraphic images of an athymic nude mouse bearing a

s.c. LS174T tumor (arrows) given an injection of 300 nCi "'Â¡-labeled MoAb 35.

Dorsal images were taken at 2 days (A), 4 days (B), 6 days (C), and 10 days (/>)
after i.p. injection. Images were normalized for equal central torso activity.

human colon carcinoma xenografts and a panel of MoAbs
confirmed our hypothesis that there would be heterogeneity
with respect to absolute tumor uptake and tumor/blood ratios.
'"I-labeled MoAb 115 against CEA showed the highest uptake

of any antibody in LS174T tumors, with lower uptake in CO 112
tumors and slightly less uptake in SW948 tumors (Table 2).
The specificity of uptake of 115 and the other MoAbs in
LS 174T tumors was confirmed by the low degree of accumu
lation of the anti-influenza virus H24B5 MoAb in this tumor.

MoAb 35, which binds to the same epitope of CEA as MoAb

115 or a closely related one (27), showed less uptake in colo-
rectal tumors at 4 and 6 days after injection. The greater affinity
of MoAb 35 than of 115 would have been expected to result in
greater tumor uptake. The tumor/blood ratios for MoAb 115
at 4 days after injection in LS174T, COI 12, and MEL-1 tumor-
bearing animals were similar to those obtained with MoAb 35.
Small increases in the tumor/blood ratios at 6 days after injec
tion were obtained with MoAb 115 and MoAb 35 in LS174T
and COI 12 tumors. The two antibodies reacted in nearly iden
tical fashion when tested against 10 specimens of moderately
differentiated colon carcinoma by immunoperoxidase staining
in vitro, with little reactivity against adjacent normal colonie
tissue (Table 1). In all cases no specific uptake of 125I-labeled
115 or 35 MoAb was observed in antigen-negative MEL-1
melanoma tumor xenografts, and the tumor/blood ratios re
mained constant in MEL-1 tumors at different times after
injection.

The tumor localization of radioiodinated F(ab')2 and Fab

fragments from MoAbs 35 and 115 was investigated by Buch-
egger et al. (42) in nude mice xenografted with COI 12 human
colon tumors. They found that the ratios of tumor concentra
tion to normal organ antibody concentration increased dramat
ically with the use of fragments, although the highest absolute
amount of radioactivity in tumor was obtained with intact
antibody, and for longer periods of time than with fragments.
A similar finding was reported by Douillard et al. (43) for intact
17-1A and its F(ab')2 fragments. Since our ultimate goal is to

investigate the use of radiolabeled antibodies for tumor therapy,
we elected to study the intact antibodies, which would have the
potential of delivering the highest dose to tumor.

MoAb B72.3 when labeled with 125Ishowed similar levels of

uptake as MoAb 35 at 4 and 6 days after injection in LS174T
tumors, and at 6 days after injection in COI 12 tumors, but a
lower concentration at 6 days after injection in SW948 tumors.
Hand et al. (38) reported that B72.3 antibody does not bind to
SW948 cells and MCF-7 breast carcinoma cells, and this lack
of reactivity was confirmed in the tumor localization studies.
The tumor/blood ratios for B72.3 antibody at 4 and 6 days
after injection in LS174T and COI 12 tumors compared to the
ratios obtained at the same time with MoAbs 115 and 35.
However, MoAb B72.3 showed the highest degree of staining
specificity in immunohistochemical binding studies in vitro
(Table 1).

Preclinical studies using 125I, I3II, or "'In-labeled B72.3

MoAb to target human colon carcinoma xenografts in athymic
mice demonstrated that this MoAb specifically localized in
tumor by external scintigraphic imaging and by direct analysis

Fig. 6. Whole body scintigraphic images of
an athymic nude mouse bearing a s.c. LSI 74T
tumor (arrows) given an injection of 200 Â¿iCi
I3'l-labeled MoAb 115. Dorsal images were

taken at 3 days (A), 5 days (B), and 7 days (C)
after i.p. injection. Images were normalized for
equal central torso activity. The tumor weight
at 7 days after injection was 0.29 g.

B
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Fig. 7. Whole body scintigraphic images of
an athymic nude mouse bearing a s.c. LSI74Ttumor (arrows) given an injection of 175 fj<'i
I3ll-labeled MoAb 17-1A. Dorsal images were

taken at 3 days ( / ). S days (//). and 7 days (C)
after i.p. injection. Images were normalized for
equal central torso activity. The tumor weight
at 7 days after injection was 1.14 g.

\

B

Fig. 8. Whole body scintigraphic images of an
athymic nude mouse bearing a s.c. LS174T tumor
(Â«rroir.v)given an injection of 130 *iCi 13'I-labeled

MoAb B72.3. Dorsal images were taken at 4 days
(A) and 7 days (B) after i.p. injection. Images were
normalized for equal central torso activity. The
tumor weight at 7 days after injection was 0.79 g.

B
of tissue samples (44-46). Esteban et al. (47) found no clear
trend when the antigen content of tumor cells from different
patients was compared to the radiolocalization results with
B72.3 MoAb. In a few patients, the tumors with the highest
percentage of positive cells with the MoAb by immunoperoxi-
dase gave the best radiolocalization results. However, there
were also cases in which such a correlation could not be estab
lished. High radiolocalization indices in biopsy specimens ("â€¢!â€¢â€¢

ID/g tumor divided by the % ID/g normal tissue) were reported
with I3ll-labeled B72.3 MoAb as compared to studies with the

other MoAbs. Interestingly, our immunohistochemical results
in Table 1 show that the highest relative reactivity between
tumor specimens and normal colonie tissue existed for B72.3
as compared to the other MoAbs.

MoAb 17-1A when labeled with I25I showed the highest

degree of accumulation in SW948 tumor xenografts of all the
MoAbs tested. It showed a similar level of uptake in LS174T
tumors as the other antibodies except for MoAb 115 which had
higher levels. However, I25l-labeled 17-1A showed lower tumor/

blood ratios in LS174T tumors than the other MoAbs tested.
It also showed lower reactivity with several specimens of colon
carcinoma by immunoperoxidase staining than the other
MoAbs (Table 1). However, it should be noted that Chatal et

al. (18) found that 17-1A was negative with colon carcinomas
fixed in formalin and embedded in paraffin when tested with
the avidin-biotin complex immunoperoxidase technique, which
they hypothesized to be due to the fragility of the antigenic
determinant which was presumably destroyed by the fixation
procedure. MoAb 17-1A did show moderate to intense staining
in 5 of the 10 colonie adenocarcinoma tissues presented in
Table 1. The concentration of MoAb 17-1A was 5- to 12-fold
greater than with the other 3 antibodies used in the immuno-
chemical studies. Douillard et al. (43) studied the tissue biodis-
tribution of 13ll-labeled 17-1A in nude mice bearing a human

colon carcinoma xenograft. The % ID/g at 5 days was 12.3%
in the colon tumor (HRT 18), 6.9% in the blood and 3.3% in a
melanoma tumor. The tumor/blood ratio was approximately
1.8 at 5 days after antibody administration. The results in the
present study are quite similar (Fig. 3).

There have been several studies of the correlation between
tumor binding by autoradiography or immunohistochemistry
and the uptake of radiolabeled antibodies in tumors. Moshakis
et al. (48) and Lewis et al. (49) used autoradiography of tumor
xenografts in nude mice to show that anti-CEA antibody inter
acts predominantly with CEA in the extracellular tumor space,
rather than the cell membrane or the cytoplasm. Autoradiog-
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raphy studies with B72.3 in both experimental human xeno-
grafts and in clinical trials have also been reported (47, 50).
Buchegger et al. (42) showed by autoradiography that intact
anti-CEA MoAbs remain at the periphery of well differentiated
tumor nodules whereas F(ab')2 and Fab fragments penetrate

deeper into the tumor to reach the pseudolumina. Beatty et al.
(23) found that apical and intraluminal staining of colorectal
tumors by anti-CEA MoAb immunohistology correlated with
radiolabeled antibody uptake in tumors in patients. They found
a strong correlation between tumor content of CEA and tumor
imaging by radiolabeled anti-CEA antibody. A similar positive
correlation between immunohistochemical binding and imaging
was reported for other MoAbs against colorectal tumor-asso
ciated antigens (18, 22,51). Quantitative measurement of tumor
content of CEA or other tumor-associated antigen at the time
of initial tumor imaging or resection may prove to be important
for selection of appropriate MoAbs for subsequent imaging or
therapy.

The absence of antigenic expression on a given tumor might
be responsible for failure of detection by immunoscintigraphy.
Methods of improving the sensitivity of immunoscintigraphy
could include the use of a panel of radiolabeled anti-colon

carcinoma MoAbs. A small number of colorectal cancer pa
tients have received cocktails of two MoAbs or their fragments
(18). Chatal et al. (18) reported that 10 of 13 colorectal tumor
sites were positive by immunoscintigraphy in 12 patients given
injections of a combination of two antibodies. Five of the
positive sites were detected by the combination of ml-labeled
F(ab')2 fragments of 17-1A and 19-9 MoAbs, and the 5 other
positive sites were detected after injection of I3ll-labeled anti-
CEA whole MoAb and F(ab')2 fragments of 19-9. The small

number of cases reported does not yet permit one to determine
statistically whether or not the diagnostic sensitivity was in
creased. MÃ¼nzet al. (52) reported an increase in tumor contrast
when a mixture of two MoAb F(ab')2 fragments against human
gastrointestinal tract tumors labeled with I31Iwere injected into

nude mice bearing human colon carcinoma xenografts.
Radiolabeled MoAbs show promise as clinically useful agents

for diagnosis and therapy of colorectal carcinoma (53). The
results of the present study indicate a difference in the immu
nohistochemical binding of a panel of MoAbs against biopsies
of colon adenocarcinoma and a difference in their relative in
vivo localization depending upon which colon cancer cell line
was used. Our plan is to evaluate the therapeutic use of the best
localizing MoAbs in the nude mouse xenograft models and to
initiate clinical localization studies with individual MoAbs or
cocktails of MoAbs based on the results of immunoperoxidase
binding to freshly obtained surgical specimens from prospective
patients.
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