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dodecy! sulfate-polyacrylamide slab gel (16) with and without
disruption by g-mercaptoethanol (Fig. 1). The molecular weight
of the monoclonal antibodies was approximately 150,000. After
disruption with g-mercaptoethanol, the proteins migrated, show-
ing 2 clear bands consistent with the size of the heavy and light
chains. Ost6 and Ost7 were labeled with 0.8 to 1.0 uCi of '*|
per ug of protein, and AFY1 was labeled with 14 uCi of ' per
ug of protein. Ost7 was labeled with 7 to 14 nCi of 'l per ug of
protein.

v-Ray and Soft X-Ray Photogram. Ost6 was injected i.v. via
the tail tendon vein, and Ost7 was injected i.p. (10 to 50 uCi).
The mice receiving Ost6 were sacrificed 2 or 5 days after
injections, and those receiving Ost7 were sacrificed 5 days after
injections.

No tumors were detected on y-ray photograms after 2 days
but, after 5 days, tumors were clearly visible in photograms from
both the Ost6 and Ost7 groups (Figs. 2 and 3). The tumors
appeared as black shadows of exposure.

Ost6 and Ost7 Distribution in Tumors and Visceral Organs.
The 2 distribution is summarized in Tables 1 and 2 showing
the cpm value (per 1 mg of tissue) of each tumor and organ.
Chart 1 shows their ratios to the blood value. The tumors did
not show specific accumulation of Ost6 monocional antibody 2
days after the injection compared with the blood cpm value,
although they showed higher accumulations than other visceral
organs. Five days after injection, both the Ost6 and Ost7 groups
exhibited very high accumulations of antibodies, although the
cpm values varied. The tumor:blood cpm ratios were between
25and 9.1.
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Fig. 1. Sodium dodecyl el lctrophoresis (12.5%) of
purified Ost7 monocional antibody. Righ, marker proteins (LMW

. , sample
Pharmacia Electrophoresis Calibration Kit); middie, sample prepared in the pres-
ence of 1% mercaptoethanol; left, sample prepared under nonreducing conditions.
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Table 1

Distribution of **/-labeled OST6 antibody in mice with osteogenic sarcoma SU
X

Values cpm of 1-mg tumor or organ tissues. All mice were given
injections of 10 xCi of Osté monocional antibody.
Radioactivity (cpm)
Sacrificed 2 days after injection Sacrificed 5 days after injection
A B [o] D E F
Tumor 523.5 633.2 752.0 847.8 218.45 250.0
Lung 216.0 348.8 2164 111.3 455 54.1
Liver 165.8 198.0 149.8 160.6 58.4 54.1
Kidney 380.6 478.7 429.1 286.3 220.1 176.6
Muscle 825 135.7 58.3 37.6 16.5 26.8
Brain 15.5 15.0 9.9 6.4 20 3.0
Spleen ND* 847 64.8 7.7 38.5 204
Biood 399.0 469.3 339.2 131.1 61.4 82.2
“ ND, not determined.
Table 2
Distribution of '*%/-labeled OST7 monocional antibody in mice with osteogenic
sarcoma SU xenografts

All mice were sacrificed 5 days after injection. Values represent cpm of 1-mg
tumor or organ tissues.

Radioactivity (cpm)
A® B* c® o®

Tumor 356.8 296.3 2762.3 3203.3
Lung 30.0 105.0 563.6 7449
Liver 86 239 185.5 189.7
Kidney 16.0 4.1 747 2926
Muscle 86 131 296 100.5
Brain 2.1 6.8 29.6 415
Spleen 6.2 146 130.5 1675
Blood 38.8 1207 9432 1086.7
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values. Tu, tumor; Lu, lung; Li, liver; Ki, kidney; Br, brain; bars, S.D.

Chart 2 shows '*'IHabeled Ost7 distribution in mice with xen-
ografts of KT005 and mice with xenografts of human testicular
tumor and bladder tumor. The tumor:blood ratios in the Ost7
group were much lower in the testicular tumor and bladder tumor
than those in KT005, although the individual organ:blood ratios
did not differ between 2 groups of mice. Radioactivity in testicular
and bladder tumors was lower than that in biood.

Chart 2 also showed the distribution of '*'I-labeled AFY1 in
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Chart 2. Distribution of *'lHabeled Ost7 injected into groups of 5 mice with
KT005 xenografts (100 xCi/mouse) and 4 mice with testicular tumor and bladder
tumor xenografts (100 xCi/mouse) and distribution of '*'Idabeled AFY1 injected
into a group of 3 mice with KT005 xenografts (1 uCi/mouse). The values are
expressed as tumor or organ to the blood value ratios 7 days after injection. Tu,
tumor; Lu., lung; Li., liver; Ki., kidney; Sp., spleen; Mu., muscle; bars, S.D.

KT005-bearing mice. The ratios were similar to those of Ost7 in
mice with the xenograft of testicular tumor and bladder tumor.
The tumor:blood ratio was lower than 1.0. These results showed
that uptake of Ost7 by KT005 was not a nonspecific accumula-
tion of Ost7.

Scintigram of '*'|-labeled Ost7. One to 3 days after injection,
311.0st7 were observed as spots not only in tumors but also in
blood pool (Fig. 4); however, the blood spots generally decreased
and, at 7 days, the tumor was clearly imaged by scintigram (Fig.
4). In contrast with KT00S5, testicular and bladder tumors that
failed to react with Ost7 showed a high accumulation in the
blood pool, but no specific accumulation was seen in the tumor
7 days after injection (Fig. 5).

DISCUSSION

Murine monoclonal antibodies produced against osteogenic
sarcoma bind at much higher levels to the tumor than to normal
tissues. Consequently, these monoclonal antibodies may be
useful for targeting antitumor agents to tumor or for tumor
detection by external body scanning following injection of radiois-
otopically labeled preparations. However, in order to develop
these approaches, it is necessary to establish that the mono-
clonal antibody preparations localize preferentially in tumors
following specific interactions compared to nonspecific uptake
into normal tissues.

Ost6 and Ost7 were selected on the basis of immunohistolog-
ical studies on frozen tissue sections. Immunofluorescent tech-
niques demonstrated no reaction with cultured cells of human
osteogenic sarcoma. However, we found that some human
osteogenic sarcomas, which were maintained in athymic nude
mice, reacted to Ost6 and Ost7 using immunohistological meth-
ods; SU is one of such osteogenic sarcomas. After more than
70 passages, SU now grows stably in athymic nude mice.
Therefore, SU and KT005 are suitable tumors for investigating
the distribution of Ost6 and Ost7 in vivo.

Radiolabeled Ost6 and Ost7 monoclonal antibodies showed
preferential localization in SU and KT005 compared with muscle
or several other visceral organs except for a high accumulation
of Ost6 in the kidney. One reason for this exception may be that
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antigens from tumor tissue are in blood and immune complex
precipitates in kidney tissue. At present, there is no direct
evidence as to whether antigens against Ost6 in blood are
released from a tumor. However, considering the fact that no
accumulation was observed in the kidney with either '?|-labeled
or **'IHabeled Ost7, which were centrifuged before injections,
the Ost6 accumulation in a kidney may have resulted from
aggregation of Ost6 antibodies that were not centrifuged before
injections.

In this investigation, only '?I-Ost7 was injected i.p. to compare
the results with ''I-Ost7 injected i.v., while other antibodies
were injected i.v. Hedin et al. (7) reported no obvious difference
in the distribution of labeled antibody between animals given i.v.
or i.p. injections. In our study, the distribution of Ost7 injected
i.p. was similar to that of Ost7 injected i.v., although the tumors
were different.

The highest ratio (95:1) of Ost7 tumor to normal tissue radio-
activity uptake was seen into the brain and its lowest (6:1), into
the lung. Levine et al. (11) noted a very high tumor:blood ratio
(15:1) with a monoclonal antibody to mouse teratoma, but this
tumor was syngeneic, and the antibody was IgM. In addition, the
tumor was implanted into a muscle rather than s.c. According to
Epenetos (4), i.m.-implanted tumors showed higher uptake than
those implanted s.c. In other studies on the tissue:blood ratios
of xenografted human cancers, the ratios were between 1.5 and
5 (2, 4, 12, 14). Compared with these values, Ost6 and Ost7
yielded fairly high ratios.

In the present investigation, the high uptake of Ost7 was seen
in SU and KT005 with no elevated radioactivity level being found
in the testicular or bladder tumor that failed to react with Ost7.
In addition, KT005 did not absorb nonspecific immunogloblin,
because no specific accumulation of AFY1 was detected in
KTO00S. These results suggested that uptake of Ost7 by KT005
was specific.

We could not obtain scintigrams using '#%l, because our vy-
camera did not respond to '?| y-rays, although small animals
can be imaged by '**I-labeled antibody (2). Accordingly, we tried
to take y-ray photos for preliminary localization of '*l-labeled
antibody as described in “Materials and Methods.” This simple
method permitted the '?*I-labeled antibody to be localized with a
low dose of isotope and, as the photos were taken after blood
was withdrawn from heart, tumor specificity was accelerated.

The usefulness of Ost7 for imaging was demonstrated by the
fact that '3'| scintigram showed clear tumor image in 7 days
without data processing. However, it may not be suitable for
clinical use, since more than 5 days are needed to obtain clear
images. The subtraction method assisted by a computer or using
F(ab) or F(ab’). instead of whole IgG may overcome this limitation
(2, 14).

The present study suggests that Ost7 can be of clinical value
for the detection or treatment of osteogenic sarcoma. In our
preliminary experiment, this antibody had no cytotoxic effects
against osteogenic sarcoma xenografted s.c. Herlyn et al. (8)
reported that the in vivo cytotoxic effects of monoclonal antibod-
ies differ according to their subclass, and only monoclonal anti-
bodies of IgG2a isotype specifically inhibited growth of human
tumors in nude mice. Ost6 and Ost7 are of IgG1 isotype and, by
themselves, have very little effect on osteogenic sarcoma. How-
ever, at least Ost7 appears to be useful for the specific delivery
to osteogenic sarcoma of antitumor agent which are conjugated
to Ost7.
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Fig. 2. y-Ray photograms of an athymic mouse with SU xenografts injected

MAY 1984

with '*1-{abeled Ost6. A, soft X-ray photo taken without keeping the mouse on the film
at —80°; B, soﬂXnyphotoukmaﬂerkeephgmesmm‘semmeﬂhnfa4daysat-80° Soft X-ray photos were taken at 35kV for 10 sec.
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Fig. 3. y-Ray photograms of mice with SU xenografts in the backs injected with '*{-labeled Ost7. Top, soft X-ray photos taken after maintaining the mice on the films
for 4 days in a deep freezer. Bottom, soft X-ray photos taken of the same mice without maintaining them on the films. Soft X-ray photos were taken at 18 kV for 10 sec.

2082 ’ CANCER RESEARCH VOL. 44

220z 1snBny | | uo 1senb Aq Jpd'8.02500++010/08.61 ¥2/8.L0Z/S /v ipd-ajoie/saLeoues/Bio sjeunofioeey/:diy Lol papeojumoq



Radioimmunodetection of Human Osteogenic Sarcoma Xenografts

Fig. 5.
reactive to Ost7;
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KTO005 Testicular Tumor

Fig. 4. Serial scintigrams of a mouse with KT005 xenografts injected with **'l-labeled Ost7. With time up-take of radioactivity in a tumor increased and at 7 days after
injection, tumor was clearly localized by '*'l-iabeled Ost7.

scan of a mouse with KT005 xenograft (feft) and of a mouse with a testicular tumor xenograft (right) 7 days after injection of Ost7. KT005 was
testicular tumor was unreactive to Ost7.
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