
long-term survival. The major reason for this low sur
vival is that detection of pulmonary metastases is often
relatively late affording these patients a suboptimal
therapeutic situation. Early detection with timely resec
tion ofthe metastatic disease is essential for prevention
of early patient death from soft-tissue sarcomas.

Conventional X-rays, whole-lung tomography, com
puted tomography (CT), and magnetic resonance im
aging (MRI) are the most widely used methods to detect
pulmonary metastases, but they are not always satisfac
tory for identifying early pulmonary metastases (3).
Radiolabeled tumor specific antibodies can be used to
localize and identify tumor deposits throughout the
whole body. By utilizing hybridoma techniques origi
nally developed by Kohler and Milstein (4) large
amounts of monoclonal antibody (MAb) can be gen
crated against a variety of tumor cell surface antigens.
This capability provides the potential for a new era in
the clinical imaging of tumor deposits. Radiolabeled
MAbS have been used to successfully localize subcuta
neous tumors in athymic nude mice (5,6), and they
also have been applied in preliminary clinical studies
to detect metastatic lesions in patients with melanoma
(7,8),soft-tissuesarcomas(9), colon(10), andbreast
cancer (11). However, to our knowledge, localization
of human sarcoma pulmonic xenografts in nude mice
with' â€˜â€˜In-labeledMAb 19-24 has never been previously
reported.

A murine monoclonal antibody (MAb 19-24) di
rected against a human soft-tissue sarcoma, malignant
fibrous histiocytoma (MFH), was produced in our lab
oratory (12). MAb 19-24 reacts with a cell surface
membrane antigen (a sarcoma associated antigen,
known as p102) which has a molecular weight of 102
KD and is found in most human sarcomas at an average
concentration of 300,000 sites per cell. Lower levels of
p102 are discovered in some tumors other than sar
coma, and little or no antigen is present in normal
tissues (12). We have detected subcutaneous sarcoma

In order to study localizationof metastatictumorswith a
radiolabeled monoclonal antibody, a pulmonary metas
tases model was devised in athymic mice. Metastatic
pulmonary sarcoma colonies were verified by histological
examination.A murinemonoclonalantibody(MAb19-24)
directed against a human sarcoma antigen was labeled
with indium-i11 (111ln)by use of the linker 1-(p-isothio
cyanatobenzyl)-diethylenetnaminepentaaceticacid (SCN
Bz-DTPA). MAb P3 was similarly labeled as a negative
control. In the group given MAb 19-24, the percent injected
dose per gram lung tissue bearing tumor colonies (30.1%,
29.6%, and 27.7% on Days 1, 2, and 3, respectively)was
significantly (p < 0.05) higher than in those receMng MAb
P3. Hepaticactivitiesof both 111ln-MAb19-24 and 111ln
MAbP3were low.The lungswith tumorcoloniesdemon
stratedclearestimageson Day3. Thespecificbindingof
111ln-SCN-Bz-DTPA-labeled MAb 19-24 to pulmonary xen
ografts without appreciable liver uptake indicates that it
maybe usefulin the clinicallocalizationof pulmonicmet
astaticlesions.

J NucIMed 1990;31:1378â€”1383

oft-tissue sarcomas generally disseminate hemato
geneously and commonly metastasize to the lungs. The
lungs are involved in over 80% of the patients who
develop metastases from sarcomas and they are the
only site with metastases in 70% of the patients (1,2).
Despite improvements in the local control of soft tissue
sarcomas, pulmonary metastases remain a challenging

therapeutic problem and continue to be the primary
cause ofdeath in these patients. Approximately 25% of
patients undergoing initial pulmonary resection achieve
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xenografts in athymic nude mice (5,6) and in patients
with metastatic or recurrent soft-tissue sarcomas (9) by
using MAb 19-24 labeled with either iodine-125 (1251)
or â€˜â€˜â€˜In.In this study, we intravenously injected the
athymic nude mice with human sarcoma cells to de
velop an experimental pulmonary metastases model,
used a new chelation method to label MAbS with â€œIn,
and employed this â€˜â€˜â€˜In-labeledMAb to localize lung
metastases.

MATERIALSAND METhODS

Tissuesand Cell Lines
Crude plasma membrane fractions were prepared as de

scribed by Howard et al (13). The human fibrosarcoma cell
line HT-l080 was obtained from the American Type Culture
Collection (Rockville, MD). HT-1080 is a tumor cell line
derived from the poorly differentiatedfibrosarcomaof a 35-
yr-old Caucasian man who died without having received
chemotherapyor radiotherapy(14).

MonoclonalAntibodies
MouseMAb 19-24,an IgO, (withkappa lightchains),was

producedfollowingfusionof immune BALB/cmousesplen
ocytes (immunized with membrane from human malignant
fibrous histiocytoma) with the nonproducer myeloma X63-
Ag8.653 (12). The antibody reacts with a cell surface mem
brane antigen quantitatively that is expressed to a much
greater extent in many sarcomas than in other types of tumors
or normal tissues(12). Mouse MAb P3, a nonspecificIgO,
(also with kappa light chains) is secreted by BALB/c mouse
myeloma P3-X63-Ag8 cell line (4). This antibody served as a
nonspecific control, as it was nonreactive in our standard
assays.

Antibody Purification
MAb 19-24was purified from mouse asciticfluid by am

monium sulphate precipitation followed by affinity chroma
tography on protein A-Sepharose(Pharmacia, Piscataway, NJ)
(12). Sterile, pyrogen free reagents were used throughout the
procedure. MAb P3 was purified from ascitic fluid directly on
protein A-Sepharose as described previously. Purified antibod
ieswerestored at â€”70Â°C.SDS-PAGEanalysisof the purified
MAbS (19-24 and P3) showed no contaminating proteins (12).

MAb Conjugation
MAb 19-24and P3 wereconjugatedto l-[p-isothiocyana

tobenzylj-diethylenetriaminepentaacetic acid (SCN-Bz
DTPA) accordingto the technique of Brechbielet al. (15).
Briefly,the SCN-Bz-DTPAwas reactedwith the MAbSat an
initial 3:1 ratio of chelate to antibody in 50 mM HEPES
buffer, pH 8.5. After 24 hr of reaction, MAbS were separated
from unreacted chelate by dialysis.

MAb Radiolabeling
Sixtymicrolitersof' â€˜â€˜In-chloride(AmershamCorporation,

Arlington Heights, IL) (2 mCi, 0.05 M HO) were added to
26.4 @1of2 M HO. After 5 mm, the solution was adjusted to
pH 4.2 with 1 M sodium acetate. Next, 200 @lof conjugated
MAb 19-24or P3 (3 mg/ml, pH 6.0)wereimmediatelyadded
and allowed to react for 30 mm before purification. The
labeled complex was separated from free â€˜â€˜â€˜Inchloride with

the use of a 1 x 10 cm column of Sephadex 0-25 (medium
grade) equilibrated overnight in PBS buffer. Collection of 0.5-
ml aliquots showed that labeled complex consistently ap
peared in tubes 5 and 6 with =80% labeling efficiency.

Testingfor Pyrogenicftyand Sterilfty
Immediatelyafter production, random preparations were

testedforpyrogenswiththe LimulusAmebocyteLysate(LAL)
test (M.A. Bioproducts,Walkerville,MD), and for microbial
contamination with the Mycotrim culture system (Hana Me
dia, Berkeley, CA). No contaminated preparations were de
tected.

Experimental Pulmonary Metastases In Athymic
NudeMice

A pulmonary sarcoma metastatic model was devised by
using athymic NCr-nu/nu nude mice (N. C. I. Frederick
Cancer Research Facility, Frederick, MD) injected intrave
nously through tail veins with various amounts of HT-l080
cells and then killed at intervals. Tissues were collected,
weighed, and fixed in 2% paraformaldehyde for histological
examinationsto verifypulmonary metastases.The dosageof
HT-1080cellswhichproducedpulmonarycoloniesmostcon
sistently was used as the model for study.

Eighteen male athymic NCr-nu/nu nude mice, 6 to 8 wk
old and 20â€”22g in weight,were randomly divided into two
groups. One group of nine athymic mice bearing pulmonary
human sarcomaxenograftswasinjectedintraperitoneallywith
10 @Ciof â€˜â€˜â€˜In-SCN-Bz-DTPA-MAb19-24; the other group
of nine athymic mice also with pulmonary xenograftswas
given 10 @@Ciof â€˜â€˜â€˜In-SCN-Bz-DTPA-MAbP3 as a nonspecific
antibody control. Three mice from each group were killed and
imaged with a gamma camera at 1, 2, and 3 days after antibody
administration. Following imaging, the animals were autop
sied and their tissues and blood were weighed and then
counted for radioactivity.The resultsare presentedas percent
injected dose per gram tissue (% ID/g); tissue-to-blood ratio
(cpm/g in tissue divided by cpm/g in blood); and localization
index (tissue-to-blood ratio for specific antibody divided by
tissue-to-blood ratio for nonspecific antibody).

Imaging
Posteriorviewsof recentlykilledmice were obtained with

a standard large field of view(LFOV)gamma camera fitted
with a pinhole collimator of4 mm aperture. Symmetric energy
windows (20%) were placed over the 173 and 247 keV pho
topeaks of â€˜â€˜â€˜In.Imaging times were typically 10 mm per
view,althougha preset protocol of 50,000counts per image
wasfollowed.

Statistical Analysis
Significant differences between test values were determined

with the useof Student's t-test.

RESULTS

Experimental Pulmonary Metastases
There were neither gross nor microscopic pulmonary

metastases in the mice injected with fewer than 10@HT
1080 cells. Two out of the six mice injected with iO@
cells developed pulmonary colonies, which were de
tected on Day 14. At an inoculation dosage of 106cells,
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LungDayMAbBlood(tumor)LiverSpleenKidneyStomachBoneMuscleSkin119â€”2413.2

(8.0â€”18.6)30.1(19.1â€”36.1)6.0(3.8â€”7.4)4.8(3.0â€”5.7)7.1(5.8â€”8.4)0.7(0.5â€”1.2)3.3(2.3â€”4.8)1.6(1.2â€”1.8)7.1(5.3â€”8.2)P316.1

(15.0â€”16.6)11.0(9.4â€”12.7)6.9(6.2â€”7.5)5.3(4.8â€”5.8)8.3(7.8â€”9.2)0.9(0.7â€”1.2)4.1(3.7â€”4.4)1.7(1.5â€”1.8)7.3(7.2â€”7.4)219â€”244.9

(3.3â€”6.0)29.6(22.1â€”34.5)4.4(3.7â€”5.0)4.5(3.4â€”5.4)6.5(5.9â€”7.4)0.5(0.4â€”0.7)2.5(1.9â€”2.9)0.8(0.6â€”0.9)4.1(3.7â€”4.4)P312.3

(11.3â€”13.4)10.1(9.5â€”10.4)6.8(5.7â€”7.7)5.8(4.6â€”7.1)10.6(8.2â€”12.9)0.8(0.7â€”0.9)3.8(2.9â€”4.8)1.3(1.2â€”1.4)6.3(5.8â€”6.9)319â€”247.0

(5.4â€”8.7)27.7(27.0â€”28.5)4.5(3.7â€”5.4)4.0(3.3â€”4.7)5.8(4.8â€”6.8)0.7(0.5â€”0.8)2.6(2.4â€”2.9)0.9(0.7â€”1.1)4.0(3.1â€”4.9)P310.0

(9.7â€”10.4)13.1(9.5â€”15.0)5.2(4.8â€”5.6)5.2(5.1â€”5.4)8.0(7.8â€”8.3)1.0(0.9â€”1.0)3.5(2.8â€”4.0)1.1(1.0â€”1.2)4.8(4.7â€”5.1).

Meanvalue fromthree animalsandrangein parentheses.

19-24 was significantly (p < 0.05) higher than % ID/g
oflungs from mice given nonspecific MAt, P3 at various
time points. This finding suggests specific uptake of
MAb 19-24 in the pulmonary tumor deposits. The
uptake in the liver was low with a maximum value of
6.0% (ID/g) on Day 1, which decreased to 4.3% (ID/g)
on Day 3. Radioactivity in the kidneys and spleen was
similarly low and decreased slowly to 5.8% and 4.0%

(ID/g) on Day 3 for kidneys and spleen, respectively.
Maximum blood activity of 13.2% (ID/g) was seen on
Day 1 which then decreased faster than found in liver,
kidneys, and spleen to 4.9% on Day 2 and 7.0% on
Day 3. The other tissues showed similar clearance
curves. In contrast to the findings of indium-labeled
specific antibody, â€˜â€˜â€˜In-SCN-Bz-DTPA-MAbP3 failed
to demonstrate specific uptake of MAb into pulmonic
human sarcoma xenografts. The uptake of â€œIn-labeled
MM, P3 in blood, liver, kidneys, spleen, and other
normal tissues was slightly higher than that found with
â€œIn-labeledMAb 19-24.

Tissue-to-blood ratios of radioactivity were calcu
lated as cpm/g in tissue divided by cpm/g in blood
(Table 2). For. â€˜â€˜â€˜In-labeledMAb 19-24, the lung-to
blood ratios were 2.75, 6.13, and 4.18 on Days 1, 2,
and 3, respectively, reflecting more rapid clearance of
â€ẫ€ẫ€˜In-labeled MAb 19-24 from blood than from the

lungs containing tumor colonies. At each time point,
lung-to-blood ratios oflabeled MAb 19-24 were signif
icantly (p < 0.05) higher than those obtained with
labeled MAb P3. The tissue-to-blood ratios obtained
for the majority of mouse tissues other than lungs were
less than 1.0 and the values for â€˜â€˜â€˜In-labeledMAt, 19-
24 did not differ significantly (p > 0.05) from the
corresponding values for labeled MAt, P3.

The localization index, defined as tissue-to-blood
ratio for MAb 19-24 divided by the corresponding ratio
for MAb P3, was calculated for several major tissues.
The lungs with tumor deposits had higher localization

FIGURE1
Coloniesof different-sized,hyperchromaticsarcoma cells in
the lungs of mouse 21 days after injection of 10@tumor cells.
(400X,H andE stain).

all the mice had multiple micrometastases in the lungs
which were evident on Day 7 after injection of tumor
cells and the colonies increased in number and size
with time, most evident on Day 21 (Fig. 1). There were
no metastatic colonies in the liver, spleen, heart, and
other tissues. Therefore, the mice i.v. injected with 106
cells were used to produce pulmonary metastases for
localization studies.

Biodistribution Studies
Indium-i 1l-SCN-Bz-DTPA-labeled MAbs were

given to the mice on the 21st day after inoculation of
106HT- 1080 cells. In the group given â€˜â€˜â€˜In-labeledMAb
19-24, the percent injected dose per gram of tissue
(% ID/g) was markedly and significantly (p < 0.05)
higher in the lungs bearing tumor colonies (30.1%,
29.6%, and 27.7% on Days 1, 2, and 3 respectively)
than blood and the other normal tissues over time
(Table 1). The %ID/g of lungs from mice given MAb

TABLE I
TissueUptakeof 111In-labeledMAbS19â€”24and P3 inTumor-BearingMice (% lD/g)'
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LungDayMAb(tumor)LiverSpleenKidneyStomachBoneMuscleSkin119â€”242.75

(1.03â€”4.53)0.47(0.40â€”0.53)0.37(0.31â€”0.44)0.57(0.45â€”0.72)0.07(0.03â€”0.15)0.25(0.21â€”0.29)0.13(0.09â€”0.15)0.56(0.44â€”0.66)P30.68

(0.63â€”0.76)0.43(0.41â€”0.45)0.33(0.32â€”0.35)0.52(0.47â€”0.61)0.05(0.04â€”0.08)0.25(0.25â€”0.26)0.1
1

(0.09â€”0.12)0.46(0.43â€”0.49)219â€”246.13

(5.77â€”6.66)0.93(0.83â€”1.13)0.94(0.79â€”1.04)1.42(0.98â€”1.93)0.11(0.08â€”0.12)0.51(0.47â€”0.59)0.16(0.14â€”0.19)0.88(0.69â€”1.21)P30.82

(0.77â€”0.92)0.56(0.47â€”0.68)0.48(0.34â€”0.63)0.86(0.73â€”1.07)0.07(0.06â€”0.07)0.31(0.24â€”0.36)0.1
1

(0.10â€”0.12)0.52(0.46â€”0.57)319â€”244.18

(3.11â€”5.25)0.65(0.62â€”0.68)0.58(0.54â€”0.61)0.84(0.79â€”0.89)0.09(0.09â€”0.09)0.39(0.34â€”0.44)0.13(0.13â€”0.14)0.57(0.56â€”0.58)P31.31

(0.97â€”1.51)0.52(0.46â€”0.58)0.52(0.49â€”0.55)0.81(0.75â€”0.85)0.10(0.09â€”0.10)0.35(0.27â€”0.41)0.11(0.10â€”0.13)0.48(0.45â€”0.53).

Meanvalue from threeanimalsandrangeinparentheses.

TABLE2
Tissue-to-Blood Ratios After Injection of 111ln-labeledMAb&

indices than the other tissues, with a maximum value
of 7.4 on Day 2 (4.0 on Day 1, and 5.4 on Day 3).

ImagingResults

Gamma camera images were obtained after killing
animals bearing HT-1080 fibrosarcoma pulmonary
xenografts prior to autopsies and determination of pre
viously described biodistribution studies. In all of the
animals injected with â€˜â€˜â€˜In-SCN-Bz-DTPA-MAb19-24,
the pulmonic xenograft images became increasingly
distinct with time as the background activity decreased.
The clearest images were seen on Day 3 and correlated
well with the subsequent biodistribution studies of the
tissues. Infusion of â€˜â€˜â€˜In-SCN-Bz-DTPA-MAb P3 did
not give distinct images of pulmonic xenografts as seen
with MAb 19-24. Image quality using MAb P3 did not
improve over time and background activity was higher
than with MAb 19-24.

DISCUSSION

Soft-tissue sarcomas commonly metastasize hema
togeneously to the lungs. Dissemination of tumor cells
is a complex, multistep process in which both host
factors and peculiar biologic properties of the metasta
sizing cells play fundamental roles (16,1 7). To establish
metastases, tumor cells should invade the surrounding
tissues, penetrate into blood vessels and/or lymphatic
vessels, survive in the circulation, be arrested in the
capillary bed of distant organs, extravasate into organ
parenchyma, and proliferate to form metastatic tumors.
Experimental metastases refer to tumor colonies pro
duced after i.v. injection oftumor cells. Although intra
vascular injection oftumor cells bypasses the early steps

ofpenetration ofmalignant cells into the vessels, all the
subsequent steps in the metastatic process must occur
before metastases can be established.

Athymic nude mice serve as a useful animal model
to study human tumor in vivo. Xenografted human
tumors grown in athymic nude mice maintain their
karyotype, histologic appearance, and most biochemi
cal characteristics (18). Subcutaneous human tumor
xenografts in athymic nude mice are often used as a
model for in vivo tumor studies. Spontaneous metas
tases do not occur ordinarily in adult athymic nude
mice with subcutaneous xenografts (19,20). The low
frequency of metastases in athymic mice has been at
tributed to high natural killer (NK) cell activity in adult
nude mice. Young (s3 wk), immunologically immature
mice with low NK activity have been suggested to be
best to allow growth of human tumor xenografts (20,
21). However, metastases have recently been reported
in adult athymic mice with i.v. injection of human
melanoma and human colorectal carcinoma cells (22-
24). In the present study, i.v. injection of 106 human
sarcoma cells into adult athymic nude mice produced
pulmonic metastases in all animals; this provides a
useful animal model for localization studies of human
pulmonary metastases.

Currently, two major methods are used for the ex
ogenous radiolabeling of MAbs: (1) iodination and
(2) bifunctional chelation techniques for attaching met
als to protein molecules (25). In vivo dehalogenation
with rapid clearance of the tracer from various organ
systems as well as from the tumor is a major problem
when utilizing antibodies labeled with iodine isotopes.
In contrast, â€˜â€˜â€˜Inreleased from catabolized antibody
seems to be retained in most normal tissues and in the
tumor tissue. Mixed anhydrides and cyclic anhydrides
of DTPA conjugates are most commonly used to che
late â€˜â€˜â€˜Into label MAb. There is, however, a major
drawback with these chelates in the high nonspecific
uptake of the metal by the liver.

A new chelation method using isothiocyanate (SCN
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Bz-DTPA) has been utilized with good uptake of radio
labeled MAb in subcutaneous tumors, improved spec
ificity, decreased liver uptake (6-8% ID/g) and minimal

background activity 72 hr after injection of â€œIn-labeled
MAbS (6,26). The reason for decreased hepatic uptake
of â€˜â€˜â€˜Inconjugated with SCN-Bz-DTPA is not clearly
understood, but it has been suggested that MAb-SCN
Bz-DTPA complex forms a very stable bond with â€œIn
in vivo thereby diminishing transferrin transport of
indium to the liver (26).

The reported uptake of radioactivity (expressed as %
ID/g) of â€œIn-SCN-Bz-DTPA-MAbspresent in tumor
tissues 72 hr after injection is 30.0%-52.J % (6,26). In
this study, uptake of specific â€˜â€˜â€˜In-labeledMAb 19-24
in the lungs with sarcoma xenografts was significantly
higher than in the other tissues at the various time
points (Table 1). Lung-to-blood ratios of â€˜â€˜â€˜In-MAb19-
24 were significantly higher than those of nonspecific

MAb P3. This data suggests that â€˜â€˜â€˜In-SCN-Bz-DTPA
labeled MAb 19-24 retained adequate immunologic
activity and specifically localized human soft-tissue sar
coma pulmonic xenografts in the nude mice.

The clearance curves ofboth MAbs were similar (Fig.
2). The blood levels of â€˜â€˜â€˜In-labeledMAb 19-24 were
lowerthan those of' â€˜â€˜In-labeledMAb P3. The relatively
lower blood activity of â€˜â€˜â€˜In-labeled specific MAb

should theoretically further improve tumor imaging.
Uptake of â€˜â€˜â€˜In-labeledantibodies using either mixed
anhydrides or cyclic anhydrides of DTPA conjugates
has been reported high in the kidney, spleen, and liver
(27,28).Suchhighnormalorganradioactivitycreates
high background activity and thus diminishes imaging
quality. â€˜â€˜â€˜In-SCN-Bz-DTPA-labeled MAb shows rela
tively low uptake into kidney, spleen, and liver in the
present study (Table 1). The data agree with the obser
vations reported by Blend et al. (6) and Esteban et al.
(26) using the same conjugation technique in a subcu
taneous tumor xenograft model. Therefore, because this
new indium labeling technique decreases background
activity, the relative labeled MAb localization and im
aging quality was appreciably facilitated.

Although use ofthis experimental pulmonary human
sarcoma metastases will require further study, our pres
ent results are encouraging. We have demonstrated that
â€˜â€˜â€˜In-SCN-Bz-DTPA-labeled MAb can be used to suc

cessfully localize pulmonary xenografts, with sigmfi
cantly decreased background activity in this animal
model. Hopefully, information using this model and
labeling technique might help develop new, innovative
approaches appropriate for clinical detection of pul
monic sarcoma metastases.
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