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= Abstract =The in vivo localization of a mixture of radioiodinated monoclonal antibody
F(ab’), fragments of CEA and CA 19-9 was investigated in human colon cancer xenograft in
nude mice. Scintigrams were taken 3 and 5 days after injection of 3!I-labeled fragments in
mice bearing transplanted tumor. Mice were killed afterward and the radioactivity in each
tissue was analysed. Whole body scintigraphy clearly demonstrated selective localization of
radioactivity over transplanted tumor without background subtraction with tumor:nontumor
ratio of upto 3:1. Though absolute count in tumor of day 5 was lower than that of day 3,
tumor to nontumor tissue ratio of day 5 was higher than that of day 3. Fragment of both
monoclonal antibodies preferentially localized in tumor tissue compared with normal mouse
IgG, as determined by differential tissue counting of radioactivity. The tumor to blood ratio
for specific antibodies was much greater than that for normal IgG after injection. It is con-
cluded that a radioactively labeled mixture of anti-CEA and anti-CA 19-9 antibodies is
accumulated by colon carcinoma and that radioimmunodetection using gamma camera
seemed to be useful for the detection of human tumor.
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INTRODUCTION

The use of radiolabeled polyclonal antibody
directed againt tumor-associated antigen has
permitted scintigraphic detection of human
tumors (Goldenberg et al. 1978). with the avalla-
Hility of a large variety of specific monoclonal
antibody (MADb) against tumor antigen (Order et
al. 1975; Koprowski et al. 1979; DelLand et al.
1980; Ghose et al. 1980; Kim et al. 1980) due to
recent progress in hybridoma technique (Kohler
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and Milstein 1975), tumor scintigraphy might be-
come a routine diagnostic procedure (Larson and
Caraquillo 1984; Henze et al. 1985).

However, external scintigraphy is occasionally
not successful due perhaps to the detection by a
single labeled MAb of an insufficient percentage
of tumor cells among this presumably heter-
ogeneous population or to an insufficient num-
ber of radiolabeled monoclonal molecules bound
per cell. A mixture of MADbs directed against
different tumor-associated antigens might over-
come these difficulties since they would be ex-
pected to label a greater percentage of different
cells within the tumor or increase the density of
radiolabeled MAbs on individual tumor cells. In
either case, tumor radioimmunodetection would
be improved (Munz et al. 1986).
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Alttough intact antibody is cleared relatively
ranidly from the blood stream, significant back-
ground activity remains for several days after in-
jer=on (Primus et al. 1573; Hoffer et al. 1974).
Therefore, antibodies of high specificity and
those which are clsared more rapidly from the
circulation are thus desirable and the eitmination
of the Fc portion of antibody is of preferential
benefit in that regard (Hopf et al. 1976; Bucheg-
ger et al. 1983). It was found tht F(ab’), frag-
ments give better and more rapid specific tumor
localization than intact antibody of Fab fragment
(Wahl et al. 1983; Mach et al. 1983).

The human tumor xenograft in nude mouse
has proved an invaluable and widely used model
for comparing the specificity and pharmacokine-
tics of tumor lc~alizing antibodies (Roger et al.
1986).

The present experiments were undertaken to
iInvestigate accumulation of radioactively labeled
mixture of anti-CEA and anti-CA 19-9 antibodies
by human colon carcinoma xenograft in nude
mice and the feastbility of in vivo localization us-
Ing scintigraphic technique.

MATERIALS AND METHODS

Human tumor cell line

SNU-C4, a human colon cancer cell line, was
established and characterized by Dr. J. G. Park
(Park et al. 1987) and is maintained in our labora-
tory. SNU-C4 is a poorly differentiated carcino-
ma cell line. It is cultured in RPMI 1640 sup-
plemented with 5% heat inactivated fetal bovine
serum and antibiotics and culture is maintained
in humidified incubator at 37°C in an atmosphere
of 5% CO. and 95% air. Population doubling
time i1s 34 hours. It actively secretes CEA and
CA 19-9 into supernatant fluid.

Transplantation of human colon carcinoma in
nude mice

Four 3-week-old male nude mice (nu/nu Balb/
c) were injected subcutaneously with 2.0-3.0 X
107 human colon cells in both subscapular area.
Two weeks after implantation of tumor, 8
tumors weighing 1.0 to 1.9g were obtained.

Mouse monoclonal antibodies

A mixture of '*'l labeled MAbs anti-CEA
F(ab'), and anti-CA 19-9 F(ab'), fragments,
which is commercially available (IMACIS1*, In-
ternational CIS), was used. It i1s composed of 1
mg of anti-CEA F(ab’), and 1 mg of anti-CA

19-9 F(ab’), in 2 ml of phosphate buffered saline
(NaCl, 0.15M) and is labeled with 3 mCi of '°I.

For negative control antibodies, '“°l-normal
mouse [1gG (19.3 . Ci/ . g) was injected to each
mouse simultaneously with the '3'I-labeled
MADbs.

Tumor localization of MAbs

Two weeks after tumor cell implantation,
300-320 xCiof 'I-MAb F(ab’), fragments and
60-100 »Ci of '*I normal IgG were injected.

1] images were obtained 3 and 5 days after
tection using a gamma camera (Pho/Gamma
HP) equipped with a 4 mm high-energy pinhole
collimator and interfaced to a computer. Each
image was stored on a disk with 64 X 64 byte
mode for later analysis and display and recorded
on Polaroid film simultaneously.

For quantitative analysis of digital computer
images, specific regions of interest were
selected to integrate the counts present in
tumors and in nontumor tissue. The region of
interest of nontumor tissue was made over the
abdomen of each mouse, in which liver, spleen,
kidney and intestine were included. From those
counts, mean count of two tumor sites In each
mouse and tumor to nontumor tissue ratio (T/
NT) was calculated.

In vivo distribution of MAbs

Seven days after injection each mouse was
exanguinated by cardiac puncture and dissected.
Tumor and various organs (liver, spleen, kidney,
lung, heart, intestine) were removed, weighed
and radioactivity was counted in each and also in
1 ml of blood using a gamma-scintillation coun-
ter (Packard multiprias, United Technologies
Packard, USA).

Using appropriately diluted injection mixture
standards, the percentage of injected dose
found per gram of tissue (% ID/g tissue) and
tumor to tissue ratio for each mouse were calcu-
lated for each radioisotope. In addition, a localiza-
tion ratio (L.R.) was derived using following
eqguation:

LR.=

(21 MADb F(ab’),/normal IgG] recovered in tissue
B MADb Flab'),/normal 1gG] injected

Statistics
The statistical significances of differences
were determined using Student’s t-test.
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Fig. 1. Localization of "*'I-labeled anti-CEA F(ab’), and anti-CA 19-9 F(ab'), fragments in
human colon cancer-bearing nude mouse. (NM) Tumor-bearing Balb/c nude mouse.
(D3) Images obtained at 3 days after injection of "'lI-labeled MAb F(ab’), fragments
showed clear definition of the tumors with some background radioactivity. (D5) On
images obtained at day 5, tumor contrast improved.

Table 1. Mean Radioactivity of Tumor and Nontumor
Tissues and Tumor to Nontumor Tissue {T/
NT) Ratio quantitated by Analysing Digital
Computer Image

Radioactivity(cpm/pixel)*

Da T/NT ratio*
Y Tumor Nontumor ratio

Day 3 2.70 1.38 1.88

Dayb 1.68 0.54 3.09

*mean value of four nude mice.

RESULTS

Tumor localization of MAbs

Images obtained at 3 days after injection
showed clear visualization of the tumor with
some background radioactivity. Though radioac-
tivity decreased, tumor contrast improved on im-
ages obtained 5 days after injection (Fig. 1).

Mean cpm/pixel in tumor of day 3 was 2.07
and that of day 5 was 1.68 but tumor to nontu-
mor tissue ratios calculated from digital compu-
ter images of day 3 and day 5 were 1.88 and
3.09 respectively (Table 1).

In vivo distribution of MADb

Table 2 and 3 list the % |D/g tissue and T/NT

Table 2. Percentage of Injected Dose Found per
Gram of Tissue (% ID/g tissue) of
31 labeled Anti-CEA F(ab’), and Anti-CA
19-9 F(ab’), and '?-labeled Normal

Mouse IgG
Tissue . O(o[ ID/g USS1L2]5€
[-MAb F(ab’), I-1gG

Tumor 0.111+0.015* 2.334+0.160*%
Liver 0.044+0.029 2.321+1.268
Spleen 0.069+0.032 2.797+1.300
Kidney 0.048+0.017 1.999+0.405
Lung 0.071+0.039 3.641+0.934
Heart 0.026 +0.009 1.927 £0.554
intestine 0.015+0.002 0.661+0.094
Bloed 0.042+0.013 5.047 £1.411

*Mean +s.d. of four nude mice.

ratios of each organ for two isotopes. F(ab’)?
fragments of both MAbs demonstrated preferen-
tial localization in tumors as reflected by signifi-
cantly higher T/NT ratio as well as higher % ID/g
tissue in tumors as compared with nentumor tis-
sues (p<0.01). There was no significant differ-
ence in '?°l-normal IgG distribution between
tumor and nontumor tissue. Lung uptake was
high with both isotopes.
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Table 3. Tumor to Nontumor Tissue Ratio of
'31_labeled Anti-CEA F(ab’), and Anti-CA
19-9 F(ab’), and '?°l-labeled Norma!

Mouse IgG
. Tumor to Nontumor Tissue Ratio
TISSUG 131 ' 125
I-MAb F(ab'), I-1gG

Tumor 1.0 1.0

Liver 3.475+1.624* 1.168+0.453*
Spleen 1.932+1.123 0.972+0.448
Kidney 2.447+0.796 1.188+0.1561
Lung 1.949+1.090 0.661+0.114
Heart 4.618+1.644 1.270+0.314
Intestine 7.287+1.193 3.554+0.267
Blood 2.749+0.613 0.481+0.104

*Mean+s.d. of four nude mice.

In spite of preferential localization of F(ab'), in
tumor, absolute value of % ID/g tumor tissue of
F(ab’). was much lower than that of normal IgG,
mainly due to more rapid clearance of F(ab'),
from the circulation.

Localization ratio is shown in Figure 2. Loca-
lization ratio (mean+s.d.) of tumor was 0.047 +
0.005 and that of liver was 0.017 +0.003, spleen
0.025+0.007, kidney 0.024+0.004, lung 0.020
+0.012, heart 0.013+0.001, intestine 0.023+
0.003 and blood 0.008+0.001 respectively. The
ratio obtained in the tumor was significantly
greater (p<0.01) than those in nontumor tis-
sues.

DISCUSSION

This experimental model was chosen because
human colon cancer transplanted in nude mouse
retains the same histological morphology as the
primary hurman tumor (Povlisen and Rygaard
1971) and synthesizes and releases CEA and CA
19-9, as observed in patients (Mach et al. 1974;
Buchegger et al. 1983).

CEA is present on normal and malignant col-
onic tissue marker as well as other cancers. It is
both a tumor tissue and a serum marker. It is
actively produced and secreted by colon carcino-
ma cell lines, although levels vary widely (Primus
et al. 1973).

CA 19-9 is a sialylated lacto-N-fucopentaose
Il, an oligosaccharide related to Lewis blood
group substances. Its level elevates in the sera
of patient with colonic and other gastrointestinal
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Fig. 2. Localization ratio of tumor and nontumor tis-
sues at 7 days after simultaneous injection of
300-320 4 Ci of '*'I-labeled anti-CEA F(ab’),
and anti-CA 19-9 F(ab‘), and '?®|-labeled nor-
mal mouse IgG. The ratio obtained in the
tumor was significantly greater than that in
nontumor tissues.

cancer (Magnani et al. 1981; Sears et al. 1982).

The specificity of antibody accumulation was
demonstrated by using the paired labeling
method (Pressman et al. 1975), in which a con-
trol mouse 1gG or its fragment labeled with '°|
is injected simultaneously with the '*'|-labeled
MAD.

In the present study, the tumor contrast of
digital computer images improved on the day 5
though the absolute value of tumor uptake
tended to decrease. In agreement with present
study, Herlyn et al. (1983) and Chatal et al
(1984) reported that the tumor images with the
sharpest contrast were obtained 4 to 5 days af-
ter F(ab’), fragment injection. The good scintig-
raphic contrast at late time intervals is the result
of a faster radioactivity clearance from normal
tissue than from the tumor and makes it gener-
ally unnecessary to resort to computerized sub-
traction.

In the present study, a mixture of MAb F(ab’),
fragments of CEA and CA 19-9 was used be-
cause it is well known that the combination use
of several antibodies which recognize different



antigens i1s a reasonable approach toward in-
creasing the chances of tumor detection (Chatal
et al. 1984).

It is well known that F(ab’), fragments provide
beiter and more rapid specific tumor localization
that intact MAb or Fab fragments (Wahl et al.
1983; Henze et al. 1987). However, one of the
drawbacks reported for localization using F(ab’),
fragments is radioactivity fades from the tumor
faster than that of the intact antibody, mainly
due to the faster blood clearance of the frag-
ments. In our study, % ID/ml blood of F(ab’),
was much lower than that of normal IgG reflect-
ing faster blood clearance of F(ab’), fragments.
As the decline in tumor radioactivity is mainly
dependent upon an equilibrium between anti-
body or fragment in tumor and the circulating
antibody or fragment in blood (Wahl! et al. 1983),
the % ID/g of tumor of F(ab’), was much lower
than that of normal IgG in spite of the preferen-
tial accumulation of F(ab’), fragments in tumor
tissue.

In light of the heterogeneity in the expression
of antigen determinants and lower absolute con-
centration of F(ab’), fragments in the tumor, ap-
plication of mixture of MAbs directed against
different antigens might result in both enhanced
tumor contrast and detection of more tumor
sites (Chatal et al. 1984; Munz et al. 1986). MAb
mixture consisting of more than two compo-
nents might yield even better results, and is pre-
ferable to the use of polyclonal reagents in light
of the better tumor selectivity and specificity as
well as reproducibility of MAb preparation.

In conclusion, our result in the use of a mix-
ture of MAb F(ab’), fragments to CEA and CA
19-9 are quite encouraging and can serve as an
obvious basis for using such MAbs for clinical
diagnostic and therapeutic trials in cancer pa-
tients.
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