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Tumor scintigraphy by the method for subtracting the initial image

with technetium-99m labeled antibody

Yoshiharu Karusg,* Kentaro KATsuno,* Sanae ITo,* Kazuhisa MATSUNAGA,* Jiro TAKATA,*
Masahide Kuroki,** Masaaki Murakami** and Yuji MATSUOKA**

*Faculty of Pharmaceutical Sciences, Fukuoka University
**School of Medicine, Fukuoka University

The method for subtracting the initial image from the localization image was evaluated for
radioimmunoscintigraphy of tumors with technetium-99m (Tc-99m) labeled antibodies. Mono-
clonal antibodies were parental mouse and mouse-human chimeric antibodies to carcinoembryonic
antigen (CEA), designated F11-39 and ChF11-39, respectively, both of which have been found to
discriminate CEA in tumor tissues from the CEA-related antigens. After reduction of the intrinsic
disulfide bonds, these antibodies were labeled with Tc-99m. In vivo studies were performed on
athymic nude mice bearing the human CEA-producing gastric carcinoma xenografts. Though
biodistribution results showed selective and progressive accumulation of Tc-99m labeled antibod-
ies at the tumor site, high radioactivity in blood was inappropriate for scintigraphic visualization of
the tumors within a few hours. We examined the subtraction of the initial Tc-99m image from the
Tc-99m localization image after a few hours. Subtracted images of the same count reflected the in
vivo behavior of the Tc-99m radioactivity. The subtracted scintigrams revealed excellent tumor
images with no significant extrarenal background. Visualization of the tumor site was dependent
on antigen-specific binding and nonspecific exudation. These results demonstrate that a method of
subtraction of the initial image may serve as a potentially useful diagnostic method for an abnormal
site for agents with a low pharmacokinetic value.
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INTRODUCTION

SEVERAL RADIOLABELED monoclonal antibodies have been
extensively investigated for detection of tumors in both
humans!-? and animal models.?* For specific tumor accu-
mulations to be visible, radiolabeled antibodies must bind
to cell surface antigens. If tumor cells are exposed to the
lumen of a blood vessel, accumulation of antibodies is
more rapid but still relatively slow because of the small
fraction of the cardiac output received by the tumor.> A
large proportion of the intravenous dose remains in the
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circulatory system and other normal tissues and may
obscure specific tumor imaging.

Goldenberg et al.!'6 introduced the subtraction method
to reduce the nonspecific background effect of iodine-131
(I-131) labeled antibody persisting in normal tissues. The
finding that injection of Tc-99m labeled human serum
albumin and Tc-99m pertechnetate gives an image of
normal tissues similar to that of I-131 labeled antibody is
generally valid. After subtraction of the Tc-99m image
from that of I-131, localization of antibody in the tumor is
shown by the areas of residual activity. These results were
soon confirmed by other groups.’-1? This method often
suffers from a number of disadvantages such as different
distribution of I-131 and Tc-99m in the circulation and in
the urinary tract, a halo effect due to different energies of
I-131 and Tc-99m, the thyroid and mucosa uptake of
iodide, and the gut excretion of iodide.

Technetium-99m has ideal physical properties for many
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clinical applications by virtue of its ready availability, low
irradiation of the patients and low cost. Technetium-99m
labeled antibodies have therefore been evaluated for
radioimmunoscintigraphic studies of tumors.!3-'8 Recently
the advantages of using Fab” and F(ab’), fragments in-
stead of whole antibody were reported.!*2! Despite its
general use for routine nuclear medical studies, Tc-99m
has not achieved widespread use as a radiolabel for
monoclonal antibodies in immunoscintigraphic studies
because of the certainty that its short half-life is inappro-
priate for antibodies with such low pharmacokinetics.
To overcome the disadvantages of the short half-life of
Tc-99m and the high radioactivity in blood, we examined
the subtraction of the initial Tc-99m image from the Tc-
99m image after a few hours. These subtracted images of
the same count reflected the in vivo behavior of the Tc-
99m labeled antibody. In this report, we evaluate the
subtracted imaging characteristics of Tc-99m labeled
parental mouse and mouse-human chimeric antibodies to
carcinoembryonic antigen (CEA), designated F11-39 and
ChF11-39, both of which have been produced.

MATERIALS AND METHODS

Monoclonal and chimeric antibodies

Parental mouse and mouse-human chimeric antibodies to
carcinoembryonic antigen (CEA), designated F11-39 and
ChF11-39, respectively, were used in this study. These
antibodies have been found to recognize the protein
epitopes present on domain B3 of the CEA molecule and
to distinguish CEA in tumor tissues from CEA-related
antigens. The purification, construction, expression and
immunochemical properties of these antibodies have been
described in detail previously.??-2> A mouse IgG1(x)
myeloma protein, 11C-2A4-H2, a gift from Dr. Fujiwara
(Osaka University, Osaka, Japan), and a human IgG1(x)
myeloma protein, BPO78, purchased from a commercial
source (The Binding Site, Birmingham, England), were
used as controls.

Technetium-99m labeled monoclonal antibodies
Technetium-99m pertechnetate was eluted from a sterile
Mo0-99-Tc-99m shielded generator (Ultra-TechneKow,
Dai-ichi Radioisotope Laboratories, Chiba, Japan) with
isotonic saline.

The labeling procedure employed in this study was
similar to the methods reported by Schwarz and
SteinstraBer,!® and Mather and Ellison.!3 Purified anti-
body (1.5 mg) was reduced by the reaction with a molar
ratio of 2-mercaptoethanol to antibody of 10,000 at room
temperature for 30 min. The reduced antibody was then
separated by gel filtration on a mini-column prepacked
with Sephadex G-25M (PD-10). This column was eluted
with Dulbecco’s PBS (—). For Tc-99m labeling, 50 ul of
freshly prepared reducing solution constituting of stan-
nous chloride (0.08 mg/m/), 1-hydroxyethane-1,1-
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diphosphonate (1.0 mg/m/) and ascorbic acid (0.4 mg/m/)
was immediately added to the reduced antibody aliquot
and mixed well. Stannous chloride was used as the reduc-
ing agent, 1-hydroxyethane-1,1-diphosphonate as the
ligand to protect the binding of Tc-99m to the amino acid
side chains, and ascorbic acid was the antioxidant. Tech-
netium-99m pertechnetate (55.5 MBq) produced in a
generator was immediately added to the reduced antibody
mixture and incubated for 10 min.26 Each Tc-99m labeled
antibody was purified by gel filtration on a mini-column
prepacked with Sephadex G-25M (PD-10). The labeling
yields of these antibodies were greater than 95% when
estimated by gel chromatography. The specific activities
of these Tc-99m antibodies were about 50 MBg/mg.
Technetium-99m labeling of the mouse and human
IgG1 (1.5 mg) was performed by the same method.

Stability of Tc-99m labeled monoclonal antibodies
Tc-99m labeled monoclonal antibody solutions were al-
lowed to stand at room temperature for 10 hr and 24 hr.
The stability of the Tc-99m F11-39 and ChF11-39 was
assessed by gel chromatography on a PD-10 column.
The solution of Tc-99m F11-39 or ChF11-39 was also
mixed for transchelation with such Tc-99m avid agents as
cysteine and diethylenetriaminepentaacetic acid (DTPA).
The mixing agent to a protein molar ratio of 500 : 1 was
chosen. After a reaction time of 1 hr at room temperature,
preparations were analyzed by thin layer chromatogra-
phy.26 The transchelation study was performed in triplicate.

Immunoreactivity of Tc-99m labeled monoclonal anti-
bodies

Immunoreactivity of Tc-99m labeled antibodies was evalu-
ated with the in vitro cell binding assay. These Tc-99m
labeled antibodies (2 ug) were incubated with increasing
numbers of MKN-45 cells (1 x 10* to 5 x 105) suspended
in 1 m/ of RPMI-1640 in 12- x 75-mm tubes for 1 hr at
37°C. The cells (2.5 x 10%) in 1 m! of RPMI-1640 were
also incubated with reducing concentrations of these Tc-
99m labeled antibodies (2 ug to 2 ng) under the same
conditions. The cells were centrifuged, and washed with
PBS. After centrifugation, the radioactivity bound to cells
and combined supernatant was counted in a well-type
gamma counter (Packard COBRA II, Meridien, CT). The
assay was performed in triplicate, and the percent radio-
activity bound to cells was calculated.?®

Biodistribution in athymic nude mice

A human CEA-expressing gastric carcinoma cell line,
MKN-45, was provided by the Japanese Cancer Research
Resources Bank (Tokyo, Japan). The MKN-45 cells used
as target cells for the development of tumor xenografts in
athymic nude mice were grown in a RPMI-1640 medium
supplemented with 10% heat-inactivated fetal calf serum.
Male athymic nude mice (Clea Japan Tokyo, Japan) with
a BALB/c background were obtained at approximately 4
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weeks of age. The mice were inoculated subcutaneously
with MKN-45 cells (1 x 107 cells per animal) in the right
foreleg because of hind legs being located near the blad-
der. At 2-3 weeks after the inoculation, the sizes of the
MKN-45 tumors were from 0.5 to 1.5 cm in diameter.
Each mouse received 0.10 m! (1 MBq, 17 ug) of antibody
labeled with Tc-99m through the tail vein. The mice (4/
group) were killed after blood collection from the heart at
3 min and 3 hr postinjection. The organs, blood, some
muscle and the tumor were removed, weighed, and the
radioactivity was counted in a well-type gamma counter.
The radioactivity of all organs, blood, and urine was also
counted in images in a gamma camera (Technicare Co.) to
measure the radioactivity of the excreted urine and the
total radioactivity. The correction of each count in two
measurements was performed by coincidence with the
blood radioactivity. The percentages of the injected dose
per organ (ID/organ) or gram (ID/g) were determined by
the ratio of tissue radioactivity to total radioactivity.
Statistical analysis was performed by Student’s t-test for
unpaired data.

Imaging in athymic nude mice

The name of the gamma camera was SIGMA 420
(Technicare Co.). The camera type was a 37 tube array of
50.8 mm bialkali PMTs coupled to-a 33.6 cm diameter by
0.63 cm thick Nal (T1) Scintillation crystal by means of
patient applied for Ohio-Nuclear electronic and optical
techniques for ultra high resolution. Its field of view is a
hexagon that is 24.8 cm across the flats (i.e., the inscribed
circle diameter is 24.8 cm and the circumscribed circle is
28.6 cm in diameter). The name of the computer was Vip-
450 (Ohio-Nuclear) and its software was Vip-450F V5.0
System.

Athymic nude mice bearing MKN-45 xenografts were
injected through the tail vein with 0.20 m/ (3 MBq, 50 ug)
of antibody labeled with Tc-99m for imaging studies.
Images of four mice were obtained at a predetermined
time with a gamma camera (SIGMA 420) equipped with
a high resolution parallel hole collimator in the fixed
position of the mice and collected with a digital computer
(Vip-450). The total count in each scintigram frame was
5 % 10%. The subtraction of vascular activity with the
initial image of the Tc-99m labeled antibody to enhance
the tumor contrast was performed by computer tech-
niques. The scintigrams at 3 min after injection were taken
as the initial images.

RESULTS

Stability of Tc-99m labeled monoclonal antibodies

During the thin layer chromatography, all Tc-99m labeled
antibodies in neutral saline solution after 10 hr remained
at origin in the acetonitrile : water (7 : 3) solvent system
on silica gel. No radioactivity was observed at the front
position. After 1 hr incubation with diethylenetriamine-
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Table 1 Biodistribution data of Tc-99m F11-39 and mouse
IgG1 in athymic nude mice bearing MKN-45 xenografts*

Organ 3 min 3hr

Salivary glands

F11-39 0.5310.10 0.30£0.05

mouse IgG1 0.51£0.07 0.25+0.06
Spleen

F11-39 0.55+0.17 0.23+0.05

mouse IgG1 049+0.10 0.25+0.15
Stomach

F11-39 0.54+0.08 0.33+0.05

mouse IgG1 0.56 £0.10 0.41+0.07
Intestine

F11-39 2.80+0.41 3.82%+0.39

mouse IgG1 2.64 £0.35 493+0.35
Liver

F11-39 10.76 £ 1.01 8.81+0.92

mouse IgG1 11.75 +£0.87 11.92 £ 0.88
Kidneys

F11-39 3.541£0.51 3361043

mouse [gG1 3.651+0.31 3.39+£0.51
Bladder and Urine

F11-39 271+1.19 830+1.13

mouse IgGl1 3.05+£0.78 8.78+1.23
Musclel g

F11-39 0.90+0.15 1.19£0.15

mouse IgG1 091+£0.13 1.03+0.16
Tumor 1 g

F11-39 0.57+0.11 4.52+0.51

mouse IgG1 0.58 £0.11 1.08 £0.24

(significance) NS p<0.01
Blood 1 g

F11-39 42.45+2.01 3241+ 1.87

mouse IgG1 41.65+1.86 33.07+1.56

*Values are percent injected dose, mean * s.d. for four mice at
3 min and 3 hr after injection.

pentaacetic acid (DTPA) solution, the peak of Tc-99m
DTPA (Rf value = 0.5) was not observed. During 1 hr
incubation with cysteine solution, the peak of Tc-99m
cystinate (Rf value = 0.75) was present. These TLC
results showed that about 8% of Tc-99m F11-39 and
about 20% of Tc-99m ChF11-39 were removed by cys-
teine.

Immunoreactivity of Tc-99m labeled monoclonal anti-
bodies

The percentage of radioactivity bound to 2.5 x 10° cells of
MKN-45 tumor cells expressing CEA antigen was about
22% for 0.02 ug of Tc-99m F11-39 and Tc-99m ChF11-
39, and about 12% for 2 ug of Tc-99m F11-39 and Tc-99m
ChF11-39, whereas no significant binding was observed
with Tc-99m mouse IgG1 or Tc-99m human IgG1.

Biodistribution study

The biodistribution of Tc-99m F11-39, Tc-99m mouse
IgG1, Tc-99m ChF11-39, and Tc-99m human IgG1 was
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Table2 Biodistribution data of Tc-99m ChF11-39 and Tc-99m
human IgG1 in athymic nude mice bearing MKN-45 xenografts*

Organ 3 min 3hr

Salivary glands

ChF11-39 0.40+0.06 0.30+0.03

human IgG1 0.39+0.05 0.27+0.06
Spleen

ChF11-39 0.31 £0.09 0.25+£0.07

human IgG1 0.29+£0.08 0.21+0.10
Stomach

ChF11-39 0.39+0.10 0.42+0.11

human IgG1 040+0.12 0.39 £0.06
Intestine

ChF11-39 2.13+£0.34 4.25+£0.55

human IgG1 2.21+£0.54 5.02+£0.54
Liver

ChF11-39 8.69+1.52 7.12+0.98

human IgG1 8.391+0.73 6.90 £ 0.43
Kidneys

ChF11-39 3.141+0.71 3.21+0.61

human IgG1 3.18+0.31 3.261+0.53
Bladder and Urine

ChF11-39 315+ 1.12 26.02+2.23

human IgG1 3.60+1.28 25.51+2.13
Muscle1 g

ChF11-39 0.91%0.36 1.12+0.26

human IgG1 0.94 £0.28 1.20+0.09
Tumor 1 g

ChF11-39 0.61 £0.11 240+0.24

human IgG1 0.63+0.15 1.18 £0.17

(significance) NS p<0.01
Blood1g

ChF11-39 43.40+2.37 24.52+3.57

human IgG1 45.82+2.18 23.68 £3.03

*Values are percent injected dose, mean + s.d. for four mice at
3 min and 3 hr after injection.

evaluated in tumor bearing mice at 3 min and 3 hr
postinjection. The percentages of the injected dose per
gram (ID/g) or organ (ID/organ) determined in the tumor
and in all major organs are shown in Table 1 and Table 2.
The uptakes in the tumor increased with time from 0.57 £
0.11% ID/g at 3 min to 4.52 +0.51% ID/g at 3 hr for Tc-
99m F11-39. Technetium-99m F11-39 showed signifi-
cantly higher tumor uptake than Tc-99m mouse IgG1 at
3 hr. The uptakes in the tumor increased with time from
0.61£0.11% ID/g at 3 min to 2.40 +£0.24% ID/g at 3 h for
Tc-99m ChF11-39. Technetium-99m ChF11-39 also
showed significantly higher tumor uptake than Tc-99m
human IgG1 at 3 hr. The blood clearance of Tc-99m
ChF11-39 was faster than that of Tc-99m F11-39, and
the blood retentions were 32.41 + 1.87% ID/g at 3 hr for
Tc-99m F11-39 and 24.52 + 3.57% ID/g at 3 hr for Tc-
99m ChF11-39. The lower tumor activity of Tc-99m
ChF11-39 than of Tc-99m F11-39 may be due to the
excretion of Tc-99m ChF11-39 from the circulation.
Though the tumor : blood ratios increased with time for
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Tc-99m F11-39 and Tc-99m ChF11-39, high radioactiv-
ity in the blood was inappropriate for scintigraphic visu-
alization of the tumors within a few hours. Differences in
uptake in other normal tissue could be accounted for
mostly by the difference in blood clearance. The uptakes
in the tumor slightly increased with time for Tc-99m
mouse IgG1 and Tc-99m human IgG1 due to blood flow
or leakage of blood vessels. But these tumor uptakes were
low. Hepatic uptake was relatively low for Tc-99m ChF11-
39 and Tc-99m human IgG1. The cumulative urinary
excretion was about 8% at 3 hr for Tc-99m F11-39 and
about 26% at 3 hr for Tc-99m ChF11-39. The thin layer
chromatography of urine activity showed another peak
compared with the Tc-99m antibody peak, indicating that
ligand exchange had occurred. The chromatographic peak
in the urine analysis had the same Rf value as the peak, due
to Tc-99m cystinate (Rf value = 0.75).

Imaging study
Scintigraphic studies were also performed on four athymic
nude mice bearing the MKN-45 xenografts after an intra-
venous injection of purified Tc-99m antibody solution.
Sequential scintigrams were obtained at 3 min, 1 hr, 2 hr,
3 hr, 4 hr and 5 hr with a gamma camera. Figures 1 and 2
show scintigrams of mice bearing MKN-45 xenografts
after administration of Tc-99m F11-39 and Tc-99m ChF11-
39. In both antibodies, the heart and liver were visualized
soon after injection. The image of the tumor was vaguely
recognized on the scintigram at about 1 hr after injection.
Higher urinary excretion was observed for Tc-99m ChF11-
39 than for Tc-99m F11-39 (Fig. 2 B). Imaging results
were in accordance with the biodistribution data.
Computer techniques for subtraction of background
activity by means of the initial image of Tc-99m labeled
antibody resulted in high enhancement of tumor contrast.
The scintigrams at 3 min after injection were taken as the
initial images. Subtracted scintigrams of athymic nude
mice bearing MKN-45 xenografts showed a transplanted
tumor and bladder clearly visible at 1 hr with both Tc-99m
labeled antibodies. Tumor images and bladder images
increased with time after administration of the antibody.
The imaging results showed selective and progressive
accumulation of Tc-99m antibodies at the tumor site
(Figs. 1 C and 2 C). The image of the tumor was visualized
clearly by omission of urine activity or a decrease in the
subtraction factor (Fig. 1 D). The tumor image at 4 hr was
also visualized more clearly by subtraction (Fig. 2 D).
The distribution data for Tc-99m mouse IgG1 and Tc-
99m human IgG1l in MKN-45 tumor tissue were
significantly lower than those for Tc-99m F11-39 and Tc-
99m ChF11-39. The subtracted images of Tc-99m labeled
control IgG1 in MKN-45 tumor tissue were obscured at 1
hr, but were slightly visualized at 3 hr.
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A B C D

Fig.1 Scintigrams in an athymic nude mouse bearing human CEA-producing tumor xenografts with
Tc-99m F11-39. The tumor size was 1.0 cm in diameter. A: The initial (background) image at 3 min after
injection of Tc-99m F11-39. B: The distribution image at 3 hr after injection of Tc-99m F11-39. C: The
subtracted image of A from B after equalization of total counts. The subtraction factor was 1.0. D: The
subtracted image of A after removal of urine activity from B. The subtraction factor was about 0.95. The
subtracted images demonstrated that the transplanted tumor and bladder were clearly visible.
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Fig. 2 Scintigrams in an athymic nude mouse bearing human CEA-producing tumor xenografts with
Tc-99m ChF11-39. The tumor size was 0.8 cm in diameter. A: The initial (background) image at 3 min
after injection of Tc-99m ChF11-39. B: The distribution image at 3 hr after injection of Tc-99m ChF11-
39. C: The subtracted image of A from B after equalization of total counts. The subtraction factor was
1.0. D: The subtracted image of A from scintigram at 4 hr after equalization of total counts. The
subtraction factor was 1.0. The subtracted images demonstrated that the transplanted tumor and bladder

were clearly visible.

DISCUSSION

The objective of our study was to evaluate the subtraction
of the initial Tc-99m image from the localization image of
Tc-99m labeled antibody after a few hours as a potentially
useful diagnostic method for various malignant tumors.
For tumor immunoscintigraphy, it is necessary to prepare
a superior monoclonal antibody and to label it with Tc-
99m without the loss of immunoreactivity of the mono-
clonal antibody. F11-39 and ChF11-39 have been found
to recognize the protein epitopes present on domain B3 of
the CEA molecule and to discriminate CEA in tumor
tissues from the CEA-related antigens.?>5 Even though
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other factors such as the antibody delivery and the tumor
biology may be involved in limiting tumor targeting, the
antigenic content of tumors has a positive correlation with
uptake of monoclonal antibodies in vivo.> After the Tc-
99m labeling procedure, both Tc-99m F11-39 and Tc-
99m ChF11-39 possessed satisfactory immunoreactivity
for CEA in the cell binding assay,6 but a large proportion
of Tc-99m antibody remained in the circulation and other
normal tissues and obscured specific tumor imaging.
We examined the subtraction of the initial Tc-99m
image from the Tc-99m localization image after a few
hours. The initial image corresponds to the vascular
activity, and the localization image after a few hours

Original Article 411



corresponds to the distribution activity. After equaliza-
tion of the count or the time (considered the attenuation of
radioactivity) required for collection of the image, the
initial image is subtracted from the localization image
after a few hours to show the distribution of the antibody.
The subtracted images are equal to the in vivo behavior of
the antibody involving distribution, metabolism, excre-
tion and ligand exchange reaction. There are several
advantages in this subtraction method. We can detect the
small fraction of monoclonal antibody localized by the
tumor. It is not necessary to accelerate the disappearance
of the background, and this method can also ignore the
effect of the immune complex in the circulation. Further-
more, the physical properties of Tc-99m are ideal for
gamma camera imaging. It does not have the problems of
different distribution and energy, nor the disadvantage of
giving additional radiation exposure to the patient com-
pared with the subtraction method introduced by
Goldenberg et al.,!% but the technique of subtraction of the
initial image requires painstaking positioning.

Subtracted scintigrams of athymic nude mice bearing
MKN-45 xenografts demonstrated that the transplanted
tumor and bladder were clearly visible after a few hours
with both Tc-99m F11-39 and Tc-99m ChF11-39. The
congested sites in the legs were faintly visualized by the
ties. Tumor uptake increases with time after administra-
tion of the antibody, and the best time for imaging is 2—4
hr for consideration of tumor accumulation of the anti-
body, measurement time after injection, and attenuation
of radioactivity. It would take much longer for the anti-
bodies to cross tumor capillaries in the case of a 60 kg
human subject. Subtracted scintigrams for both Tc-99m
mouse [gG1 and human IgG1 showed that tumor sites
were obscured at 1 hr and then tumor sites were slightly
visible at 3 hr, but the counts in the tumor sites for both Tc-
99m mouse IgG1 and human IgG1 were lower than those
for Tc-99m F11-39 and ChF11-39. The vascularization
and permeability of tumor capillaries are often observed
with radiolabeled IgG1. We found that MKN-45 tumor
tissues have a high blood flow and leakage from blood
vessels by subtraction. Various radiolabeled nonantigen-
specific IgGs have been shown to localize at sites of
infection or inflammation in animals and human sub-
jects.2’-2% There was good evidence, therefore, that tumor
imaging with Tc-99m labeled antibodies was usually
dependent on the specificity of the antibody, and the
vascularization and permeability of the tumor tissue.
Although the method of subtraction of the initial image
served as a useful diagnostic method for an abnormal site,
imaging results did not distinguish between affinity and
vascularization in tumor tissue.

In these animal models, the location of the tumor tissue
was known and mostly external to the mice. Early-late
subtraction methods often have artifacts close to major
blood vessels due to the distribution of antibody into
extravascular spaces. These artifacts would not be appar-
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ent in a mouse model where these vessels were not
visualized. The small quantity of radioactivity bound
specifically by the tumor causes a problem in the manipu-
lation of the data.

Technetium-99m should remain firmly bound to the
antibody after administration. Technetium-99m F11-39
remained in the circulation long enough to be incorpo-
rated into the tumor site in the distribution study. On the
other hand, a higher excretion of Tc-99m ChF11-39 was
observed when compared to the corresponding Tc-99m
F11-39. These findings could be explained by ligand
exchange, immune response, and the metabolism of
ChF11-39. Technetium-99m labeled antibody should dif-
fuse into the blood where considerable concentrations of
other chelating molecules and metal ions are present. An
in vivo breakdown of Tc-99m ChF11-39 in the circulation
may contribute to significant urinary excretion at some
time after injection. The thin layer chromatography of
urine activity showed another peak compared with the Tc-
99m antibody peak, indicating that ligand exchange had
occurred. The chromatographic peak in the urine analysis
had the same Rf value as the peak due to Tc-99m cystinate.?
In mice, the lower chelating ability of chimeric antibody
results in the subsequently administered antibody being
rapidly cleared from the circulation and thus not efficiently
reaching the tumor sites. This intense bladder radioactiv-
ity appears to reduce the detection sensitivity in the lower
abdomen. Although lower tumor uptake and rapid clear-
ance of Tc-99m ChF11-39 were greater than with Tc-99m
F11-39, the absence of extra tumor activity promised high
immunoreactivity for this agent. The use of mouse-hu-
man chimeric antibody reduces the human immune re-
sponse, so that Tc-99m ChF11-39 is suitable for human
clinical use.

We conclude that our technique appears to be conve-
nient for routine investigations with Tc-99m antibodies in
animals. Subtracted images of the same count reflected
the in vivo behavior of the Tc-99m radioactivity. The
subtracted scintigrams provided excellent tumor images
with no significant extrarenal background. Visualization
of the tumor site was dependent on antigen-specific bind-
ing and nonspecific exudation. These results demonstrate
that a method of subtraction of the initial image may serve
as a potentially useful diagnostic method for labeled
antibodies with slow pharmacokinetics.
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