
ouse monoclonal antibody (MoAb) to human
angiotensin-converting enzyme (ACE), designated 9B9
cross-reacted with rat and monkey ACE. Following i.v.
injection, â€˜25I-9B9accumulated in the rat lung 10 to 20
times greater than in other organs including blood (1).
Preferential accumulation of MoAb 9B9 in the lung
can be attributed to a high concentration of pulmonary
ACE (2,3). It is not clear whetherthe high concentration
of pulmonary ACE is due only to a large surface of
pulmonary vasculature (4) or is associated with a high
ACE density on lung capillary endothelium.

It was shown earlier immunohistochemically with
polyclonal anti-ACE antibodies, that ACE in the nor
mal lung is also expressed on the luminal surface of the
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blood vessel endothelium plasma membranes (both for
capillaries and large vessels) also (5,6). We have shown
immunohistochemically that 9B9 antibodies bind to
the endotheium of the capillaries and large vessels of
the normal human lung tissue specimens as well (7). In
connection with the fact that 9B9 accumulate in the rat
lung, this led us to study the possibility of the use of
radiolabeled 9B9 antibody usefulness for the gamma
scintigraphic visualization oflung vessels.

We can speculate on the hypothetical areas of poten
tiaclinicalutilityoftheseradiolabeledantibodies.First,
we can expect that antibody lung accumulation will be
lower in pathologic conditions resulting in massive
damage of lung vessels and capillaries. Second, we can
not exclude that 9B9 lung accumulation will be in
creased in case of sarcoidosis, a disease characterized
with high level of ACE synthesis in lung, mainly in
granuloma cells, not in endothelium (8). The possibility
exists that the lung accumulation pattern of 9B9 anti
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with PBS containing 0.2% BSA with and without 100 @ig
MoAb9B9for 1hr at room temperature.Aftertriplewashing
with PBS-BSAby centrifugationâ€˜â€˜â€˜In-labeledMoAb 9B9 (100
x iO@cpm, 0.05 @g)was incubated with pretreatedimmu
noadsorbent for 1 hr. The unbound radioactivity was washed
out with PBS-BSA by multiple centrifugation. The immu
noadsorbent-bound radioactivity was counted in a gamma
counter (LKB Compugamma, Wallac OY, Finland).

In VivoAd,ninistrationof RadiolabeledAntibodies
For tissue distribution studies 5 to 10 @goflabeled MoAb

9B9 or control IgO in PBS-BSAwere injected into Wistarrats
(weighing 150â€”250g) via the tail vein. The rats were killed at
indicated time intervals. Blood samples were collected in
heparinized test tubes and selected internal organs were re
moved, washed, weighted, and their radioactivity measured in
a gamma counter. In separateexperiments,to study the spec
ificity oflabeled-9B9 accumulation in the lung, 10 @tg@ or
â€œIn-labeledMoAb 9B9werediluted with differentamounts
of unlabeled (â€œcoldâ€•)MoAb 9B9 prior to injection into the
tail vein. The rats werekilled4 hr after the injectionand the
radioactivity was measured as described above. Biodistribu
tion data wererepresentedas a percentageofthe injecteddose
per gram of tissue. Localization ratios of organ radioactivity
(cpm/g) to the blood radioactivity (cpm/g) were also deter
mined. The specificity of antibody localization in a given
tissue was also expressed as the immunospecificity, which is
defined as the antibody concentration in the tissue divided by
the nonspecific immunoglobulin concentration in this tissue
(14).

Gamma Imaging
Gamma imaging studies were performed in Macaca Rhesus

monkeys (weighing8â€”10kg) followingi.v. injection of 0.5
mCi (200 gig) â€˜â€˜â€˜In-labeledantibodiesor with technetium
99- (@Tc) labeled (0.5 mCi) albumin microspheres via the
femoral vein. Animals were imaged with a large field-of-view
gamma camera (Gamma-Tome-2, â€œCGRâ€•,France). Imaging
was performed with the animals placed in the prone position
on the face ofthe high sensitivityparallelhole collimator (400
mm in diameter).

The images were digitiZedto the 128 x 128 matrix and
computer-processed. Regions ofinterest (chest)were manually
drawn and the data expressed as number of counts per pixel.
Ketamine(5 mg/kg)givenby intramuscularinjectionprior to
each imaging procedure ensured adequate anesthesia. Typi
cally, 100,000-200,000 counts were acquired for each view
using a 20% window centered over 174 keV and 247 keV
gamma ray peaks of â€œInand 140 keV peak energy of@mTc.

RESULTS

Pharmacokinetics of MoAb 9B9 in Rats
Data presented in Table I clearly show that â€œIn

MoAb 9B9 binds to the ACE-Sepharose with high
specificity as compared with control Sepharose 4B. The
binding is inhibited by the excess ofunlabeled antibody;
this confirms that â€˜â€˜â€˜In-labeledMoAb 9B9 retains its
antigen-binding properties.

Upon i.v. injection ofthe radiolabeledantibody prep
aration the radioactivity was selectively accumulated in

bodies will be altered in cases ofprimary and metastatic
lung tumors. Finally, one could expect that 9B9 will be
selectively accumulated in hemangioma areas.

In the present study we analysed the kinetics of
distribution, lung accumulation and blood clearance of
11â€˜In-labeled 9B9 as compared to â€˜251-labeled 9B9. Fur

thermore, gamma-imaging with â€œIn-labeled9B9 was
performed to determine the potential of 9B9 as a diag
nostic tool for lung vessel visualization.

MATERIALS AND METhODS

Antibody Preparation
MoAb 9B9 (IgO,) was obtained by standard hybridoma

method using angiotensin-converting enzyme from human
lungas the antigen(9). ThisMoAbinteractswithboth soluble
and immobilized ACE, not inhibiting its enzymatic activity,
i.e., the catalyticsite ofthe enzyme is not involved in the 9B9
antibody binding.

MoAb 9B9 and control normal mouse IgG were isolated
by DEAE-cellulose ion exchange chromatography from am
monium sulfate precipitateofascites fluid and mouse serum,
respectively. Purity of MoAb 9B9, as estimated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis, was >90%.
Normal mouse serum polyclonal IgG was used in control
experiments.

Radioiodination
Radiolabelingof antibodieswith 1251wasperformedby the

lodogenmethod (10). Briefly,500 @gof antibodieswas incu
bated with 0.5 mCi of Na'25! and 2 @gof lodogen. Each
reaction was performed at 0Â°Cfor 20 mm and then the protein
was separated from unbound 1251by Sephadex 0-25 column
chromatography.The specificradioactivityof the radioiodi
nated antibodywasestimatedto be between0.1-0.2 mCi/mg.

Indium-iil-Labeling
Antibodies were labeled with â€˜â€˜â€˜Inusing diethylenetria

minepentaaceticacid(DTPA)asa bifunctionalchelatingagent
(11). Briefly, a tenfold molar excess ofcycic DTPA anhydride
dissolved in dry dimethylsuifoxide to the concentration of 0.7
mg/ml was added to 1 mg of protein (1 mg/mi in 0.1M
NaHCO3). After removing unconjugated DTPA by Sephadex
0-50 column chromatography200 @gof DTPA-conjugated
protein was mixed with 1 mCi of â€˜â€˜â€˜In(v/o Izotop, USSR)
(carrier-free) added as the solution in 0.lM citrate, pH 6.0.
Unbound â€˜â€˜â€˜Inwas removed on Chelex-l00 minicolumns. At
least 70% ofadded â€˜â€˜â€˜Inwas recovered in the protein fraction.
The conjugationand labelingprotocolyieldedantibodieswith
0.5to 1.0DTPAmoleculesperproteinmoleculeandwith a
specificradioactivity2-5 mCi/mg.

Immunoreactivity
Retention of antigen-binding capacity of radiolabeled

MoAb 9B9 was tested by the inhibition of radioimmunoad
sorbtion(12) with nonlabeledMoAb9B9.ACEisolatedfrom
the human lung (13) was covalently immobilized on BrCN
activated Sepharose 4B (Pharmacia Fine Chemicals, Uppsala,
Sweden)accordingto manufacturer'srecommendation. ACE
Sepharose (250 @tlSepharose 4B containing 5 @tgimmobilized
ACE)or â€œemptyâ€•Sepharose4B (asa control)wereincubated
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TABLE I
Inhibition of â€˜11lr'-@abeledMoAb 9B9 Adsorption on ACE

Sepharoseby UnlabeledMoAb9B9Bound
radioactivity,cpmAntibody

ACE-Sepharose4B'empty@Sepharose4Bâ€œ1ln-9B9

6149Â±249 1092Â±72
111ln-9B9plus100@g 1170Â±80 1120Â±100

unlabeled9B9.

Mean of four experiments Â± s.e.

MoAb 9B9 was coinjected with â€œIn-9B9showed that
â€˜â€˜â€˜In accumulation in lung is saturable (Fig. 2). The

comparison of the inhibition curves for â€œIn-DTPA
MoAb 9B9 and â€˜25I-MoAb9B9 shows that the labeling
with â€˜â€˜â€˜Invia DTPA residues may cause greater anti
body inactivation, than the labeling with 1251.

The kinetics of the lung accumulation and blood
clearance of' â€˜â€˜In-MoAb9B9 is presented in Figure 3.
The maximal antibody concentration in the targetarea
is reached within 10â€”30mm postinjection ofthe radio
tracer. There was a subsequent decrease of activity by
two-fold in 4.5 hr. However, target-to-blood radioactiv
ity ratio remained constant with significant increases
after24 hr.

In general, rat lung uptake of â€œIn-MoAb-9B9is
similar to that of â€˜25I-MoAb9B9 which is described
earlier(1). However, there are differences in the kinetics
ofradiolabel accumulation. Table 2 shows that the lung
localization ratio of â€˜25I-MoAb9B9 increased from S to
16 during the first 24 hr after injection, whereas
1@ â€˜In-MoAb 9B9 value stayed unchanged for several

hours. This difference may be attributed to the pro
longed retention of â€˜25I-MoAb9B9 in the lung which
does not appear to occur with â€˜â€˜â€˜In-MoAb9B9.

FIGURE 2
Inhibition of radiolabeled MoAb 9B9 accumulation in the
ratlungsbyunlabeledMoAb9B9.Radioactivityintherat
lungs and bloodwas determined3 hrafterco-injectionof
10 @igof radidabaied MoAb 9B9 with indicated excess of
unlabeled MoAb9B9. Data are represented as @gof MoAb
9B9 per g of tissue. Mean Â±s.e.m. for four animals.(A)

@ 9B9; (â€¢)â€˜@l-labeIed 9B9; open symbols
blood,closesymbolsâ€”lung.

the lung. The localization ratio increased up to 12 in 3
hr postinjection (Fig. 1).

Immunospecificity as defined in the Method section
for the lung reached a high value of 28 3 hr after
injection of MoAb 9B9. For other tissues studied, the
immunospecificity value is close to 1.

The specificity of [â€˜â€˜â€˜InJMoAbaccumulation in rat
lung is confirmed by the dose dependence curves. The
dramatic decrease oflung radioactivitywhen unlabeled
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FIGURE 1

Tissue distribution of 111ln-IabeledMoAb 9B9 in rats. Ra
dioactivityin tissues was determined as described in the
uMatenalsandMethodsâ€•section,3 hrafteri.v.injectionof
10 @g111ln-labeledMoAb 9B9 (close bars) or lgG (open
bars). Distribution data were represented as a localization
ratio, i.e., ratio of radioactMty of organ (cpm/g) to the
radioactivfty of blood (cpm/g). Mean Â±s.e.m. for four to
fiveanimals.

UNLABELED9B9 , jig
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similarto this antibody accumulation in ratlung. Quan
titative biodistnbution data for monkeys were provided

.@ not from tissue samples, as in rats, but from the image

I characteristics.Averagecountdensityoverthelungarea
@ for the â€œIn-MoAb9B9 images was 164 counts per

0 pixel and 88 counts per pixel for â€œIn-labeled control

@ nonimmune mouse IgG.
@ Figure 5 shows the images of â€˜â€˜â€˜In-MoAb9B9 distri
@ bution in monkeys at different time points. The lung
@ uptake ofthe radiolabeled preparation was maximal for
@ the first 24 hr with subsequent decrease with time.
@ Therefore the images of the lung showed poor uptake

in the 48 hr postinjection images. Average count density
over the lung area for the â€˜â€˜â€˜In-MoAb9B9 images 3,
24, 48, 96 hr after injection was 160, 135, 97, and 52
counts per pixel, respectively.

Lung images obtained with â€˜â€˜â€˜In-MoAb9B9 were
compared with those of 99mTcalbumin microspheres,
which are routinely used for lung studies. Gamma
tomographic serial sections presented in Figure 6 clearly
showed differences in â€œInand @â€œTclung accumula
tion.

DISCUSSION

The potential of imaging lung vessels was shown by
the demonstration that â€˜251-anti-ACEMoAb 9B9 ac
cumulated selectively in the rat lung (1) and that ACE
localized on the membranes of blood vessels endothe
lium, including the lung endotheium (5-7). These
experimental studies indicate the possibility of future
clinical noninvasive application.

MoAb 9B9 was labeled with â€œInvia DTPA, a bi
functional chelating agent. Radiolabeled antibody re
tamed its antigen-binding capacity (Table 1). Mean
while, biodistribution data presented on Figure 2 show
that the labeling with â€˜â€˜â€˜Ininactivates MoAb 9B9 to a
greater extent than the routine radioiodination proce
dure. The saturation of 9B9 antibody binding sites in
the rat lung occurs after the injection of â€˜@@-img MoAb
9B9 per Wistarratweighing 200 g. In this case antibody
concentration in the lung and in the blood is similar,
i.e. there is no selective lung uptake.

Due to the high specific radioactivity of the MoAb
labeled with â€˜â€˜â€˜In,(2â€”5mCi/mg protein), it was suffi
cient to inject 10â€”50@gof â€œIn-MoAb9B9 per rat for
the imaging studies. This dose of 9B9 is at a sub
saturation concentration (compare with Fig. 2) and
therefore allows a high degree of lung uptake. In our
experiments, specificity which was expressed as the
target-to-blood localization ratio was 10 to 12 for the
first hour which increased to 20â€”30or higher for the
period ofseveral days (see Fig. 1, Table 2). These values
aremuch higherthan the minimal target-to-background
ratio (2:1 to 5:1) which is necessary for the successful
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FIGURE 3

Kinetics of lung accumulation (A) and blood clearance (B)
of 1111n-Iabeled9B9. Radioactivity in the rat lung and blood
wasdeterminedat indicatedtimeintervalsafteri.v.injec
tion of 10@ 111ln-IabeledMoAb 9B9. Distributiondata
wererepresentedasa percentage(meanÂ±s.e.m.,n=4)
of theinjecteddosepergrammoftissue(0). Localization
ratio(meanÂ±s.e.m.)was alsodetermined(â€¢).

This difference in the â€˜â€˜â€˜In-and â€˜251-antibodiesbe
haviour in vivo is also supported by the 1251/1@ â€˜Inratio
values for the lung and blood samples (Table 2).

Imaging of â€œIn-labeled MoAb 9B9 in Monkeys
The pronounced differencein the biodistributionand

lung accumulation of â€œIn-MoAb9B9 versus â€œIn
nonspecific mouse IgG (control) was also seen on rat
gamma images (data not shown). Due to the small size
of rats for imaging oflung fields and MoAb 9B9 cross
reactivitynot only with rat ACE, but also with monkey
ACE, â€˜â€˜â€˜In-MoAb9B9 lung localization was studied in
Macaca Rhesus monkeys. Biodistribution and visual
ization studies were performed by means of gamma
scintigraphy.

Figure 4 represents the gamma images of monkeys
performed 1 hr after i.v. injection of â€˜â€˜â€˜In-MoAb9B9
or â€˜â€˜â€˜In-nonspecificmouse IgG. The monkey lung pref
erentially accumulated â€œInattached to MoAb 9B9

TIME (hours)
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Time10 mm30 mm90 mm270 mm24 hr48hrâ€˜251-Iabeled

9B9%
doseperg of lungtissue23.8 Â±0.325.9 Â±0.729.8 Â±4.025.0 Â±4.016.7 Â±2.39.5 Â±2.9%
doseper9 of blood4.7 Â±1.22.9 Â±0.62.9 Â±0.11 .9Â±0.31 .0 Â±0.10.7 Â±0.1Local.

ratio5.2 Â±1.29.2 Â±1.910.1 Â±2.313.4 Â±0.316.2 Â±1.213.3 Â±3.01111n-labeled

9B9%
doseperg of lungtissue21.7 Â±0.922.8 Â±0.918.5 Â±4.612.6 Â±4.09.2 Â±0.15.3 Â±3.8%
doseperg of blood2.2 Â±0.12.0 Â±0.21 .7Â±0.41 .1Â±0.20.9 Â±0.10.2 Â±0.1Local.

ratio9.9 Â±0.211.4 Â±1.310.9 Â±0.211.4 Â±1.916.2 Â±3.628.1 Â±5.1%

doseperg, 1@l/111lnratioLung1.1
Â±0.11.1 Â±0.11.6 Â±0.52.0 Â±0.71.8 Â±0.31.8 Â±1.4Blood2.2
Â±0.61 .5 Â±0.31 .7 Â±0.41 .7 Â±0.41 .7 Â±0.43.9 Â±2.2

TABLE 2

AccumulationKineticsof 111ln-and â€˜@I-1abeIedMoAb9B9 in rat lung and blood. (mean Â±s.e.m., n = 4)

imaging ofcertain targets from theoretic considerations
for detection of deep and small lesions (15). The im
munospecificity which is defined as the localization
ratio for the specific antibody accumulation in the given
tissue divided by the localization ratio for the nonspe
cific immunoglobulin of the same isotype in the said
tissue is another important measure ofspecific antibody
accumulation (14). Immunospecificity of â€œIn-MoAb
9B9 uptake in rat lung was very high (28) 3 hr after
antibody injection (see Fig. 1).

It should be possible to increase the specificity of
MoAb 9B9 accumulation in the lung. This can be
achieved by utilization of F(ab)2 or F(ab)-fragments of
MoAb instead of whole IgG molecules. This approach
for tumor-specific antigens was successfully applied by
Sakahara et al. (16) and Wahl et al. (1 7). However, in
certain cases, application of antibody fragments may
not improve imaging due to high radioactivity accu
mulation in the liver and kidney (16). Nevertheless, the
preparation of F(ab')2 and F(ab)-fragments of MoAb

4

t::(b@T@

9B9, their radiolabelingand biodistribution studies are
now in progressin our laboratory.

Recently we demonstrated that radiolabeled 9B9 an
tibody may be cleared from the circulation by various
approaches (18), including (a) application ofthe second
antibody to rapidly decrease the blood activity and (b)
by chemical modification ofMoAb 9B9 with lactose or
(c) injection ofexcessive amount ofavidin in the blood
with circulating biotinylated MoAb 9B9. All the above
approaches resulted in 1.8 to 5.5-fold increase in the rat
lung localization ratio for MoAb 9B9 due to the en
hancement of the antibody blood clearance.

The pharmacokinetics of â€œIn-MoAb9B9 biodistri
bution in rat is similar to that of â€˜25I-MoAb9B9 (see
Fig. 3, Table 2, (1)). However, there are differences in
the kinetics oflung accumulation of MoAb 9B9 radio
labeled with these isotopes: â€˜25I-MoAb9B9 is retained
in the lung for a longer period than â€œIn-MoAb9B9.
At periods longer than 24 hr postinjectionâ€•In/
125! radioactivity ratio in blood increases (see Table 2).

This ratio represents the difference in the pharmacoki
netics of the corresponding isotopes and/or modified
antibodies(19).

The observed results may be due to either the rapid
dehalogenation or clearance of â€˜25I-MoAb9B9 from the
blood, sinceâ€•â€˜Inand 125!were radiolabeled on different
aliquots of 9B9. Khaw et al. dual-labeled the same
aliquot MoAb 103D2 against tumor-associated 126 kD
phosphoglycoprotein with â€˜â€˜â€˜Inand 125!and observed
that â€˜â€˜â€˜In/'251radioactivity ratio remained unchanged
for up to 6 days (19).

The data presented in Figure 4 and Figure 5 show
that â€˜â€˜â€˜In-MoAbselectively accumulates in the monkey
lung after intravenous injection. This preferential lung
uptake is clearly seen in the gamma scintigrams.

It is important to note the differences in biodistribu
tion patterns of [â€œIn]MoAb9B9 and [@Tc]albumin
microspheres (Fig. 6). The latter is routinely used for
perfusion studies in the lung (20). Indium-i 11 MoAb
9B9, on the other hand, may find an application for

â€˜.o

â€œ@â€˜4â€¢. ,@t@

FIGURE 4

Anterior thoraco-abdominal gamma scintigrams showing
the localizationof 111ln-IabeledMoAb9B9 (right)and nor
mal mouse lgG (left) 1 hr after i.v. administration of the
radiolabeled antibodies (200 @g;0.5 mCi) in monkeys.
Background radioactivity was subtracted from each image.
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pathological processes in the lung. For instance, lung
uptake may be decreased in the case of extensive dam
age of lung endotheium during adult respiratory dis
tress syndrome (ARDS) (21) or in acute pulmonary
insult (22).

It has not yet been proven that 9B9 antibodies will
be an adequate tool for such a problem. Still, recent
data show that 9B9 MoAb lung accumulation is dras
tically lowered in the models of rat lung injuries, e.g.,
a-naphtylthiourea (23) or endotoxin (24) preinjection
(Muzykantov et al: unpublished data). 9B9 MoAb lo
calization ratio in these cases is loweredby 40% to 50%.
One can assume from these data that binding of 9B9

pie antibodiesisdecreasedin caseof endotheliuminjury.
It has yet to be shown that these decreases of the lung
accumulation are sufficient for the marked changes of
corresponding scintigrams.

Furthermore, radiolabeled MoAb 9B9 may find an
application in the diagnosis of sarcoidosis. In this dis
ease, granulomas appear in the lung and other tissues,
epitheloid and giant cells all ofwhich produceextremely
large quantities ofACE (8). One can assume that anti
ACE MoAb uptake in the tissues of patients with sar
coidosis should be higher than the corresponding MoAb
uptake in healthy individuals. These antibodies may be
retained in patients' lung for longer periods oftime due
to high antigen content in the lung tissues. A similar
approach is now widely used for tumor imaging with

*

3hr 24hr 48hr 96hr

monitoring the status of the lung endothelium by
gamma-scintigraphy. This information is not available
by the standard approach with 99mTc microspheres
which measures the characteristics of blood flow only.
This is especially important, because the biodistribution
pattern of â€˜â€˜â€˜In-MoAb9B9 may change during certain

is

FIGURE 6

Lungaccumulation images of 111In-labeledMoAb9B9 (200
ILg,0.5 mCi)(right)and @Tc-labeledalbuminmicroaggre
gates(0.5 mCi)(left),representedas two tomographic
slices, obtained on the same level 1 hr after i.v. injection
of these radiolabelsinmonkey.
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111â€”In--9B9

FIGURE 5
Serial anterior thoraco-abdominal images after i.v. injections of 1111n-IabeledMoAb 9B9 (200 @g,0.5 mCi) in monkey.
Backgroundradioactivitywassubtractedfromeachimage.(Correctionforradioisotopedecaywasmade).
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0@1W 1986; 5 (suppl 1):587â€”596.

26. Larson SM. Radiolabeled monoclonal antitumor an
tibodies in diagnosis and therapy. J Nuci Med 1985;
26:538â€”545.

radiolabeled antibodies against tumor-specific antigens
(25, 26).

It may also be possible to use this radiolabeledMoAb
9B9 for the differentialdiagnosis oflymphangioma and
hemangioma as Anti-ACE antibodies injected intrave
nously should localize in hemangiomas, but not in the
lymphangiomas.

Further evaluations of the potential of â€˜â€˜â€˜In-labeled
monoclonal antibody (9B9) against angiotensin-con
verting enzyme in clinical studies are planned.
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