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One of the most frequent indications for patient Imaging is the need to establish
the presence or absence of malignant disease. Considerable effort has been In

vestedin attemptIngto developtumor-specifIcradiopharmaceuticals.
Wereport
the localization of an Iodine-131-labeled, hybridoma-derived monocional antibody
In the MH-15 teratocarclnoma-bearing BALB/c mouse. Tumor-to-muscle and

tumor-to-blood ratios of 150:1 and 15:1, respectIvely, were observed at 5 days after

administration
of 15 @Cl
of labeledantibody.Therelationshipbetweentheoptimal
Imaging time and localization kinetics is discussed.
J Nucl Med 21: 570â€”573,1980

One of the most frequent indications for patient
imaging in nuclear medicine is the need to establish the

presence on absence of malignant disease. As a con
sequence, considerable effort has been invested in
attempting to develop tumor-specific radiopharma
ceuticals.

The bases for localization

of some radio

pharmaceuticals currently in use include: alteration of
blood-brain barrier; increase in regional blood flow; and
nontumor-specific
hum). Recently,

intracellular localization (e.g., gal
however, antitumon antibodies to

human tumors have been labeled and studied in a few
limited situations.

The use of specific antibodies for tumordetection and
treatment

has been suggested

and achieved for some time

(1,2), but progress has been hampered by two major
difficulties associated with the use of tumor-specific
labeled antibodies for tumor imaging in malignant dis
ease. The first has been the general unavailability of
suitable antibodies to give sufficient target-to-nontarget
contrast for imaging; the second is the difficulty of re
producible preparation and purification of antitumor

I 978 and projected the future possibilities for the use of
immunospecific globulins derived from foreign species

in the diagnosis and therapy of cancer. Belitsky et al.
have successfully imaged both primary tumors and
metastases of renal carcinomas in man using I-i 31 IgG
from absorbed goat antisera, although they noted dif
ficulties caused by the presence of background

due to a

large excess of nonspecific radiolabeled antibody(4,5).
Goldenbeng et al. have used an iodine-i 31-labeled af
finity-purified goat antibody to carcinoembnyonic an
tigen (CEA) for scintigraphy in humans. In order to
minimize some of the background caused by excess cir
culating antibody and antibody-antigen complexes, they
also used a second nadiolabeled system (99mTcO@ and

Tc-99m serum albumin). The distribution of the second
(nonspecific) circulating nadiolabel could then be sub
tracted from that of the radiolabeled tumor-specific

antibody to provide a correction for unbound or metab
olized antibody and for circulating antigen-antibody
complexes. Images of several different human tumors
were obtained

(2). The background-subtraction

tech

nique has been applied previously in other settings
Wright et al. (3) have summarized developments to (6).
The recent development of monoclonal tumor-specific
antibodies
gives promise of a simpler and more incisive
Received Sept. I7, 1979; revision accepted Jan. 25, 1980.
approach
(7â€”1
1). Such antibodies, derived from lym
For reprints contact: Geoffrey Levine, PhD, Presbyterianâ€”Univ.
Hospital, Dept. of Nuclear Medicine, Pittsburgh, PA I5213.
phocyte hybnidomas (12), are in principle homogeneous,

antibodies.
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require relatively little labor for purification, and can be
prepared reproducibly in large quantities. Additionally,
no adsorption on specific affinity purification should be
required.
Moreover,

desirable

if background

(particularly

subtraction

is considered

in the first few days following

administration), it should be possible to use a monoclonal
nonselected antibody of the same class as that of the
tumor-specific antibody for background subtraction. If
both antibodies (specific and nonspecific) were similarly
labeled with different radionuclides of the same element,
metabolism of the two should be similar except for
binding to tumors.
This report describes the uptake kinetics of an io

dine-i 3 i-labeled, hybnidoma-derived, monoclonal
antibody over a 5-day period in (MH-1 5) tenatocarci
noma-bearing BALB/c mice. Comparison is made with
an I-I 23-labeled indifferent antibody of the same im
munoglobulin class. The relationship between imaging
and localization kinetics is discussed.
MATERIALS AND METHODS

Tumor preparation. The MH-15 teratocarcinoma cell
line, derived from a BALB/c teratocarcinoma

(1 1) and

the P3/X63-Ag8 (hereafter, P3) BALB/c myeloma cell
line (1 2) were grown in vitro in Dulbecco's modified
Eagle's medium supplemented with 2 mM glutamine
and 15% heat-inactivated

fetal bovine serum. Tumors

were produced by intramuscular injection of about 1

million teratocarcinoma cells in one thigh of female
BALB/c mice. Where mice were used for imaging, P3
myeloma cells were injected into the other thigh as a
control tumor. Tumor-bearing animals were subse
quently injected with 1-131-labeled teratocarcinoma
specific antibody (13).
Antibody preparation. Monoclonal antibody against
stage-specific embryonic antigen 1 (SSEA-1) (9,1 1) is
an IgM,K, that reacts with several human and mouse
teratocarcinoma cell lines. The antibody was isolated
from the ascitic fluid of hybridoma-bearing BALB/c
mice by collecting the void volume after gel exclusion
chromatography of ascitic fluid on Sephadex G-200.
That the void volume consists almost exclusively of 1gM
was confirmed by electrophoresis. However, we cannot
exclude contamination of monoclonal antibody by a
small amount of general mouse 1gM. The antibody was
iodinated (14) and unbound iodine removed by gel cx

clusion chromatography on G-25 Sephadex in Dulbec
co's phosphate-buffered saline. Labeling efficiency was
determined chromatographically (Whatman 3MM and
85% methanol). Iodine-131 was obtained commercially
as Nal. Typical specific activities of labeled antibodies
were 10â€”30 @CiI- 13 1/@.ig.For kinetic studies 15 MCi
were used, and 150 MCi were used for tumor-specific
antibody imaging. This relatively large amount of ac
tivity on a W/W basis was used because of the difficulty

of imaging even anesthetized mice for more than a short
time. In each case the antibody preparation was dissolved
in 0.2 ml phosphate-buffered

saline and injected

into the

tail vein.
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Imaging. Scintigraphy was done with a gamma cam
era, using a medium-energy parallel-hole collimator.
Scintigraphic data were recorded and analyzed on a
laboratory computer and displayed as a linear color
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FIG. 1. Time course in various tissues for l-131-labeled, tumor
specific, hybridoma-derived, monoclonal antibody (% dose/g
tissue).
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blotted dry, weighed, and counted by well scintillation
spectrometry.
Tissue-specific

activities

are expressed

as mean (X)

percentage administered dose pen gram. N equals two,
four, four, four, and five mice on days Iâ€”5,
respectively.
Tabular dataâ€”including calculation of standard error
of the mean and estimated standard error of the
ratioâ€”are

available

from the authors

on request.

RESU ITS

Data obtained from serial sacrifice over a 5-day span

revealed a similar pattern of elimination from each of the
tissues examined,

except that of the MH-1 5 tumor

(Fig.

1). Between days 2â€”5,the effective eliminations ap
proximate first-order kinetics for most tissues, including

,@

blood, but not for the MH- 15 tumor. On a percentage
dose per gram basis, relative tissue uptake over the 5 days
is in the following

descending

order:

MH-15

tumor>

FIG. 3. image of BALB/c mouse at 5 days after administration of

blood > liver > (spleen, lung, kidney, thymus) > heart

150 MCi of 1-131 antibody (a-SSEA-1).

> muscle> brain.

Right thigh contains MH-15

teratocarcinoma(25mm);left thighcontainsa P3/X63-Ag8mye
loma (10 mm) of smaller size usedas control.

Activity

in the MH-1 5 (antigenic)

tumor

appears

to

follow blood kinetics on days I and 2, and then levels off
at about I 5% of the administered

dose per gram of tissue.

scaled television image (converted to a less informative

Although tumor-to-blood specific activities on a %

gray-scale image for Fig. 3). Images were recorded from

dose/g basis remain within a factor of 2 on the first 2
ratio is about

the I- I31 peak (364 keV) at the time of injection, at 4â€”5 days, by the third day the tumor-to-blood
hr. and at I , 2, 3, 4, and 5 days after injection of the ra

diolabeled antibody. Mice were anesthetized for imaging
by intrapenitoneal injection of pentobarbital sodium.
Lugol's solution, 2 drops per 100 ml of drinking water,

7, and is I 5 on day 5 (Fig. 2). Tumor-to-muscle
ratios
increase from 28 on day 1 to I 50 on day 5. In fact,
tumor-to-tissue
ratios were higher on day 5 than on day

I by a factor of 3 to 11 times.

of free io

Figure 3 is a picture of a single mouse beaning both a
P3 myeloma and an MH-15 teratocarcinoma. This

of labeled

antibodies, the mice were serially killed by cervical dis

mouse, injected with only the I- I 3 1-labeled antibody
(anti-SSEA- I ) as described, had received a previous

location, daily for 5 consecutive days. Tissues were re

thyroid-blocking dose of Lugol's solution. Five days after

moved, washed in hepaninized saline where applicable,

injection

was used to inhibit the thyroid accumulation
dine.
Uptake kinetics. Following administration

the mouse

was imaged.

The uptake

ratio of

TABLE 1. EXPERIMENTALSCANS WITh RADIOLABELEDIMMUNOGLOBULIN
Tumor/muscleAuthor
System
Goldenberg

Hamster cheek pouch,

Ag specificity

Days

ratio

CEA

6

7.5

CEA

6

6.4t
8

humancoloniccancer
Hoffer

Hamster cheek pouch,

humancoloniccancer
Mach
Order
Order
Baiiou
Ballou
.

After

Ref.

3,

Nude mouse,
human colonic cancer
Syngeneicovarian cancer

CEA

3

Tumor-associated

10

7.6

Syngeneicovarian cancer
Mouseteratocarcinoma
Mouse teratocarcinoma

antigen(lgG)
Fab(lgG)
SSEA-1
SSEA-1

2
2
5

1.8
20
148

Wright

t Tumor-to-intestine
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MH-I 5 tumor (antigenic) in this mouse to the P3 tumor

IN-58R from the ACS. The authors thank Judy Cherevka and Judy

(nonantigenic)

Holdenfor typingthe manuscript.Weare grateful to D. J. McKean,

was 26:1 . This ratio is about the same as

those for MH-1 5 tumor-to-liver (22:1) and tumor-to
spleen (30:1). The P3 accumulation is therefore similar

Ph.D., (Dept. of Immunology,

to that of the heavily vasculanized tissues. Tumor-to-liver
only the MH-1 5 tumor were found to be about the same
order of magnitude in a separate set of experiments.

Our work described herein and elsewhere (13)
suggests the feasibility of hybnidoma-denivedmonoclonal
antibodies for tumor imaging. Target-to
ratios are relatively high, particularly if one

waits longer than the first 48 hr. Following

administra

tion, the labeled specific antitumor antibody was elimi

nated from the various nontumor tissues, presumably as
a function of the perfusion kinetics. Our findings have
remained

consistent

with numerous

animals

and with

several subsequent labelings.
Observation of our tumor-to-tissue ratios, particularly
tumor-to-blood, suggests the necessity for a back
ground-subtraction technique at least during the first 48
hr. In several other sets of experiments

(13 and unre

ported) we have successfully applied a background
subtraction technique using 1-123-labeled circulating
nonspecific antibody. Although the half-life of the I-i 23
becomes a limiting factor, an excellent image may be
obtained at 48 hr. We have also used Tc-99m-labeled

nonspecific circulating antibody, obtaining fair to ade
quate images. However, the 6-hr half-life of Tc-99m
becomes a major constraint.

The specificity of our hybnidoma-denived monoclonal
antitumor
tential

antibody is particularly

diagnostic

noteworthy as a po

tool in light of previously

successful

efforts (Table 1) with whole immunoglobulin frac

tions.

I. PRESSMAN D, KEIGHLEY G: The zone ofactivity of anti
bodies as determined by the use of radioactive tracers; the zone
of activity of nephritoxic and antikidney serum. J Immunol
59:141-146,1948

2. GOLDENBERGDM, DELANDF, KIM E, et al: Use of ra

DISCUSSION

@

MN) for

REFERENCES

(16: 1) and tumor-to-spleen (25: 1) ratios in mice bearing

antitumor
nontarget

Mayo Clinic, Rochester,

generous gifts of antibody and ascites fluid produced by ABPC-22.

diolabeled antibodies to carcinoembryonic antigen for the

detection and localization of diverse cancers by external
photoscanning.
N EnglJ Med 298:1384-1386,
1978
3. WRIGHT T, SINANAN M, HARRINGTON D, et al: Immu
noglobulin: Applications to scanning and treatment. App!
Radiol8:120-124,1979
4. BELITSKY P, GHOSE T, AQUINO J, et al: Radionuclide

imaging of metastases from renal-cell carcinoma by 3 Ilabeled antitumor antibody. Radiology 126: 515-517,
I978
5. BELITSKY P, GH0sE T, AQuIN0 J, et al: Radionuclide
imaging of primary renal-cell carcinoma by I-I 3 1 labeled
antitumor antibody. J Nucl Med 19: 427-430, 1978
6. BEIHN RM, DAMRON JR. HAFNER T: Subtraction tech
nique for the detection of subphrenic abscesses using 67Ga and
99m@'@

J Nucl

Med

I 5: 37 1 â€”373, 1974

7. MARTINISJ, CROCECM: Somaticcell hybridsproducing
antibodies specific for the tumor antigen of simian virus 40.
Proc Nail Acad Sci 75: 2320-2323, 1978

8. KOPROWSKIH, STEPLEWSKIZ, HERLYND, et al: Study
of antibodiesagainsthumanmelanomaproducedby somatic
cell
hybrids.
ProcNailAcadSci 75:3405â€”3409,
1978
9. KNowLES BB, ADEN DP, SOLTERD: In Lymphocyte Hy
bridomas. Melchers F, Potter M, Warner N L, eds, New
York, Springer-Verlag, 1978, pp 51-53
10. KENNETT RH, GILBERT F: Hybrid myelomas producing
antibodies against a human neuroblastoma antigen present
on fetal brain.Science 203: 1120-1 121, 1979
1/. SOLTER D, KNOWLES B: Monoclonal antibody defining a
stage-specific mouse embryonic antigen (SSEA.l). Proc Nail
AcadSci 75: 5565â€”5569,1978
12.

KOHLER

G, MILsTEIN

G: Continuous

cultures

of fused

cells

secreting antibody of predefined specificity. Nature 256:

495-497,1975
13.
BALLOU B, LEVINE G, HAKALA T, et al: Tumor location
ACKNOWLEDGMENTS
with radiolabeled monoclonal antibody using external scm
tigraphy. Science 206: 844-847, 1979
This work was supported in part by research funds from the Veterans
Administration; the Dept. of Urological Surgery and the Div. of Nu
14. FRAKER PJ, SPECK JC: Protein and cell membrane iodina
tions with a sparingly soluable chloroamide, I,3,4,6-tetrach
clear Medicine of the Dept. of Radiology, School of Medicine, Univ.
of Pittsburgh; USPHS Grant Nos. CA 10815 and CA 21069 from
loro-3a,6a-diphenylglycoluril. Biochem Biophys Res Commun
80:849-857,1978
NCI; HD 12487.fromNlCHMD;PCM78-16177
fromtheNSF;and

ERRATUM
in â€œStatus
of Gallium-67 in Tumor Detectionâ€•
by Paul Hoffer, on page 396, rightcolumn, last paragraph, lines 11and 12

should read:â€œReports
fromother investigators,however,havebeen somewhatlessenthusiastic.â€•
(J Nuc!Med2l:394398.1980)
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