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Imaging of intraperitoneal tumors with technetium-99m GSA
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#mTc labeled galactosyl serum albumin (GSA) has been used clinically as a receptor-binding agent
for the assessment of liver function. The aim of this study was to investigate the usefulness of *™Tc-
GSA in intraperitoneal (i.p.) tumor imaging. A tumor model was established by i.p. inoculating nude
mice with human ovarian cancer cell SHIN-3, or colon cancer cell LS180. Radiolabels were i.p.
injected into the tumor-bearing mice and the biodistribution of radioactivity was examined. After
administration, *Tc-GSA rapidly accumulated in the tumor. The tumor uptake was 5.82-8.46
%]1D/g from 30 min to 6 h after the injection. Radioactivity in the blood was very low, less than 0.3
%ID/g, resulting in high tumor-to-blood ratio. Tumors could be clearly seen by scintigraphic
imaging. Accumulation of i.p.-injected *™Tc labeled human serum albumin (HSA) in i.p. tumors
was similar to that of *™Tc-GSA, but radioactivity of **"Tc-HSA in the circulation was high,
resulting in a significantly lower tumor-to-blood ratio. In conclusion, **"Tc-GSA, when i.p.
injected, accumulated in i.p. tumors and cleared from circulation rapidly, which would make it

useful for the imaging of i.p. tumors.
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INTRODUCTION

THE DEVELOPMENT of malignant ascites is a common event
in ovarian and digestive cancers and often results in a
serious condition.! Radiolabeled antitumor antibodies
have been used in the intraperitoneal (i.p.) tumor imaging
and radioimmunoguided surgery, but slow clearance of
the antibody from the circulation is a problem.?
9mTe-galactosyl human serum albumin (GSA) is
a liver imaging agent which accumulates in the liver
very rapidly through asialoglycoprotein receptor in the
liver.>* Radiolabeled human serum albumin (HSA) was
found localizing to human cancer.’ A recent study re-
vealed that HSA and bovine serum albumin (BSA) bound
to tumor cells through a characteristic protein present on
the cell surface.” Because GSA is a galactosyl HSA, GSA
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may also bind to tumor cells through the albumin binding
protein.

In the present study, we administered *™Tc-GSA i.p.
into nude mice bearing i.p. xenografted tumors to investi-
gate the usefulness in i.p. tumor imaging. Because GSA
accumulated to the liver and cleared from the circulation
rapidly after being absorbed from the peritoneal cavity,
clear imaging of the tumor could be obtained.

MATERIALS AND METHODS

Tumor cells and intraperitoneal tumors in nude mice

Human ovarian cancer cell line SHIN-3 and colon cancer
cell line LS180 were grown in RPMI 1640 medium
(Nissui Pharmaceutical Co., Tokyo, Japan) supplemented
with 10% fetal calf serum (GIBCO Laboratories, Grand
Island, NY, USA) and 0.03% r-glutamine. SHIN-3 cells
were generously provided by Dr. Y. Kiyozuka (Nara
Medical College, Nara, Japan) and LS180 cells were
supplied by the American Type Culture Collection
(Rockville, MD, USA). Subconfluent cells were har-
vested with calcium- and magnesium-free phosphate
buffered saline (PBS) containing 0.02% ethylenedia-
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Table 1 Biodistribution of *™Tc labeled HSA or GSA (20 ug) in mice
bearing intraperitoneal SHIN-3 tumor xenografts

HSA GSA
Time (h) 2 6 0.5 2 6
Blood 8.70 £2.86 10.95 +£5.38 0.21 £0.05 019 20111 0.12+0.03
Liver 1.56+£0.56 3.12+1.39 471+£3.13 5.80%5.51 12.69 £ 5.54
Kidney 2.94£0.97 371256 1.34 £0.11 2R 025 2.77 £ 0:59
Intestine 1.26 £1.38 3.03 £2.06 0.23 £0.05 L7131 9:.11 £ 2.69
Stomach 1.90=2.58 0.69 £0.24 0.30+0.07 0.63+0.13 0.30+0.09
Spleen 0.47£0.18 1.14 £0.42 0.14 £ 0.02 0.15+0.05 0:31 £0:15
Lung 1.18£0.52 225102 0.19 £0.06 0.14 £0.03 0.23 £0.09
Muscle 0.09 £ 0.02 0.35+0.12 0.05 £0.02 0.04 £0.02 0.06 £ 0.01
Bone 0.32+0.13 0.81 £0.39 0.09 +0.04 0.07 £0.03 0.17+£0.03
Tumor 8.78 £3.49 8.99 £3.58 5.82+0.68 6.85 +3.02 8.46+3.10
Tumor/blood 1.05 £ 0.41 0.89+0.19 29.60 £7.71 40.22 +14.03 67.84 £ 18.24

Mean % S.D. of % ID/g or tumor-to-blood ratio for 4-5 mice.

Fig.1 Scintigrams of mice bearing SHIN-3 intraperitoneal (i.p.) xenografts obtained 30 min after i.p.
injection of “™Tc labeled HSA (A) or GSA (B). “™Tc-HSA showed high radioactivity level in blood pool
(arrows indicating heart) while *"Tc-GSA showed low background radioactivity and clear tumor image.
Immediately after the imaging, the mouse was killed, distribution of tumor nodules was examined
(arrowheads indicating clusters of tumor nodules). In mice receiving *™Tc-GSA, the tumors (618 mg)
were collected and imaged again together with other organs (T: tumor, L: liver, ST: stomach, K: kidneys,

SP: spleen and I: intestine).

minetetraacetic acid (EDTA). 1 x 107 of SHIN-3 or 3 x
10° of LS180 cells in 0.2 m/ PBS were injected 1.p. into
female BALB/c nude mice. Many tumor nodules were
found in the peritoneal cavity 11-13 days postinjection.
The combined tumor weight was 100-350 mg and the
body weight of the mice was 17-21 g at the time of the
experiment.

Biodistribution study

*"Tc labeled HSA and GSA were supplied by Nihon
Medi-Physics Ltd. (Nishinomiya, Japan). The labeled
HSA or GSA (370 KBq/20 g in 0.2 ml) was injected i.p.
into the tumor-bearing mice. At 30 min, 2 h or 6 h, groups
of 4-5 mice were killed and the biodistribution of radio-
activity was examined. Statistical analysis was performed
by Student’s t-test.
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Scintigraphy
To obtain scintigrams, 3.7 MBq of “™Tc labeled HSA or
GSA (20 pug) was administered i.p. to SHIN-3 tumor-
bearing mice. Thirty minutes after the radiolabel injec-
tion, the mice were anesthetized and scintigrams of the
whole body were obtained with a gamma camera equipped
with a pinhole collimator. Immediately after obtaining the
image, the mice were killed and the distribution of tumor
nodules was examined. All of the tumor nodules were
collected and an ex vivo image was done together with
other organs in mice receiving *™Tc-GSA.*

All procedures involving animal controls were carried
out in accordance with the regulations for animal welfare
in Japan.
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RESULTS

Biodistribution of #"Tc labeled HSA and GSA

When i.p. injected, the labeled HSA localized in tumors
(Table 1), but radioactivity in blood was very high,
resulting in tumor-to-blood ratios of around 1, which
made it difficult to get clear images early.

#mTc-GSA had a different distribution pattern from
HSA (Table 1). A similar tumor uptake of radioactivity
was seen, and 5.82 %ID/g was found in SHIN-3 xeno-
grafts 30 minutes after the injection and the accumulation
increased a little thereafter (Table 1), but radioactivity in
blood was very low, resulting in significantly higher
tumor-to-blood ratios (p < 0.005, Table 1). The radioac-
tivity in the intestines increased with time, which sug-
gested excretion of the radiolabel from the liver. The
biodistribution of the labeled GSA in LS180 tumor-
bearing mice was similar, with tumor uptake of radioac-
tivity being 5.90 + 2.22 %ID/g 2 hours after the injection.

Scintigraphy

Whole body images of SHIN-3 tumor-bearing mice 30
minutes after **"Tc labeled HSA or GSA i.p. injections are
shown in Fig. 1. The image with *™Tc-HSA (A) demon-
strated high radioactivity in the blood pool, as shown by
the heart (arrow) and the background of the abdomen, but
in mice receiving *"Tc-GSA (B), the background radio-
activity was low and the tumors were clearly visualized.
Apart from the clusters of tumor nodules indicated (arrow
heads), there were many tumor nodules disseminated in
the peritoneal cavity, so that ex vivo imaging was done in
mice receiving **"Tc-GSA by separating all the tumor
nodules from normal organs. As a result, a clear image of
the tumor was obtained (C), which was consistent with the
biodistribution data (Table 1).

DISCUSSION

This study suggested a new application of **"Tc-GSA.
When given i.p., the radiolabel accumulated in i.p. tumors
and cleared from the circulation rapidly, resulting in very
high tumor-to-blood ratios of radioactivity, which could
make the i.p. tumor imaging a useful clinical practice.

The results of this study showed that the i.p.-injected
#mTc-GSA accumulated in the liver and cleared from the
circulation rapidly, similar to i.v. administration both in
mice and in man.>>° In mice, the radioactivity was then
excreted into the intestines, which may interfere with the
imaging of the i.p. tumor, but the interference could be
minimized by taking an early image before the radioactiv-
ity reached the intestines. Because we have not seen much
intestinal radioactivity in *Tc-GSA scintigraphy in hu-
man subjects, there may not be a big problem in its clinical
use in the tumor imaging.

The mechanisms related to GSA accumulation in tu-
mors are not clear. Wang et al. reported that tumor cells
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expressed albumin binding molecules on their surface,
and that the binding of HSA or BSA to tumor cells was
specific as it was saturable and selective.” The mechanism
of GSA binding to tumor cells may be similar to that of
HSA and BSA. On the other hand, GSA is a glycoprotein
which accumulates in the liver through the asialogly-
coprotein receptor. The presence of asialoglycoprotein
receptor on SHIN-3 or LS180 tumor cells has not been
demonstrated, but it has been reported that various lectins,
including galactose-binding lectin, were expressed on the
cell surface in many different tumor types.'®!! Therefore,
the carbohydrate residue of GSA may also relate to its
binding to tumors. Clarification of the mechanism may
improve the tumor targeting efficiency.

The pharmacokinetics of GSA after i.p. injection in
human subjects needs to be investigated. The tumor to
background contrast may be reduced in patients with liver
dysfunction because of slower clearance of radiolabeled
GSA from the circulation. In addition, ascites and the
volume of injectate may affect the accessibility of i.p.
injected GSA to the tumor and absorption into the circu-
lation.

In conclusion, i.p.-injected radiolabeled GSA bound to
i.p. tumor and cleared from the circulation rapidly, so that
it could be used to diagnose i.p. dissemination of tumors.
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