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A novel 85 kD glycoprotein (gp85) is a marker of the avesicular
zone, a thin part of pulmonary endothelial cells separating alveo-
lar and vascular compartments and lacking vesicles. This report
presents the first evaluation whether mAb 30B3, a monoclonal an-
tibody to gp85, can be used for targeting of drugs to the surface
of lung endothelium. 

 

125

 

I-mAb 30B3 accumulated in isolated per-
fused lungs (IPL) (22.8 

 

�

 

 1.1 versus 0.5 

 

�

 

 0.1 %ID/g for 

 

125

 

I-IgG)
and accumulated preferentially in the lungs after intravenous or
intraarterial injection (10.9 

 

�

 

 0.7 and 11.0 

 

�

 

 1.5 versus 0.9 

 

�

 

 0.2
%ID/g for 

 

125

 

I-IgG). 

 

125

 

I-mAb 30B3 uptake in IPL was rapid (T1/2
15 min), saturable (B

 

max

 

 appr. 10

 

5

 

 molecules/cell), specific (inhib-
ited by nonlabeled mAb 30B3) and temperature independent
(26.3 

 

�

 

 2.1 versus 22.8 

 

�

 

 1.1 %ID/g at 6

 

�

 

 C versus 37

 

�

 

 C). Biotiny-
lated mAb 30B3 permitted subsequent accumulation of perfused
avidin derivative in IPL. Because these data indicated that mAb
30B3 binds to an accessible, poorly internalizable antigen in the
lung, we conjugated mAb 30B3 with a plasminogen activator,

 

125

 

I-tPA. After intravenous injection in rats, lung-to-blood ratio was
8.4 

 

�

 

 0.9 for mAb 30B3/

 

125

 

I-tPA versus 0.4 

 

�

 

 0.1 for IgG/

 

125

 

I-tPA,
indicating that mAb 30B3 may deliver drugs, which was supposed
to exert therapeutic action in the vascular lumen (e.g., antithrom-
botic proteins), to the surface of pulmonary endothelium.
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Vascular immunotargeting is a modern strategy designed for
preferential delivery of drugs conjugated with affinity carriers
to endothelial cells (1–3). Several candidate carriers have been
proposed, including antibodies directed against angiotensin-
converting enzyme, ACE (1, 4, 5), thrombomodulin (6), plate-
let-endothelial cell adhesion molecule-1, PECAM-1 (7, 8),
intercellular adhesion molecule-1, ICAM-1 (9) and caveoli-
associated antigens (3, 10). Lung is a privileged vascular target
that contains roughly a third of endothelium in the body and
receives whole cardiac output of venous blood. Therefore,
antibodies directed against “pan-endothelial” antigens (e.g.,
anti-PECAM) provide preferential pulmonary targeting pri-
marily because of absolute perfusion and accessibility of the
pulmonary endothelium (7, 8). Antibodies against antigens
that selectively enriched in the lung vasculature (e.g., anti-
ACE) afford an additional degree of pulmonary selectivity of
the targeting (1, 4, 5, 11, 12).

Recognition of target determinants on the cells is the first
phase of the targeting strategies. The subcellular addressing
represents the next phase, especially important in the context
of delivery such specific and potent drugs as enzymes and ge-
netic materials. Many endothelial surface antigens are in-
volved in a relatively rapid dynamic endocytosis from the sur-
face of the plasmalemma (13). Interestingly, immunotargeting
to PECAM-1, an antigen that is normally poorly internalized
by endothelium, is not effective either in the perfused lungs or

 

in vivo

 

, unless anti-PECAM carriers are modified in a way
that facilitates internalization (8, 11). Internalizable carriers
(e.g., modified anti-PECAM and internalizable antibodies against
ACE and thrombomodulin (2, 14)) are preferable for the in-
tracellular delivery of drugs and genes.

Theoretically, noninternalizable endothelial antigens repre-
sent a unique class of targets that could provide stable and pro-
longed association of drugs with endothelial surface because of
the lack of disappearance from the lumen. This maneuver
would be useful for delivery of antithrombotic drugs and other
agents exerting the therapeutic activity in the lumen. However,
targeting to the poorly internalizable endothelial antigens has
not been specifically addressed in animal models.

In this study we investigated for the first time whether
gp85, a recently described antigen localized in the avesicular
zone of alveolar endothelium, can be used for such a surface
immunotargeting. Avesicular zone is a specific plasma mem-
brane macrodomain in the pulmonary vasculature, a thin part
of endothelial cell that separates vascular and alveolar com-
partments and lacks vesicular machinery for endocytosis (15).
Vesicular transport plays an important role in endothelial en-
docytosis and exocytosis (13). For example, endothelial up-
take of albumin, at least in part, occurs via caveoli and vesicu-
lar trafficking pathway (10, 16). The fact that gp85 antigen is
localized in the avesicular zone implies that this endothelial
determinant may be poorly internalizable and thus useful for
delivery of drugs to the luminal surface of endothelium. In or-
der to test this hypothesis, we studied uptake of mAb 30B3, a
monoclonal antibody against gp85, in the perfused rat lungs
and in intact animals. The results shown in the report support
our hypothesis and imply that mAb 30B3 can be useful for im-
munotargeting to the endothelial surface in the lungs.

 

METHODS

 

Reagents

 

The following materials were used: iodogen from Pierce (Rockford,
IL), Na

 

125

 

I from Perkin Elmer (Boston, MA), the sulfo-

 

N

 

-hydro-
hysuccinimido Nanogold and the HQ silver

 

TM

 

 enhancement kit were
from Nanoprobes, Inc. (Stony Brook, NY), fatty acid-free bovine se-
rum albumin (BSA) from Boehringer-Mannheim (Indianapolis, IN),
dimethyl formamide (DMF), mouse IgG from Sigma (St. Louis, MO),
neutravidin (NA) and 6-biotinylaminocaproic acid 

 

N

 

-hydroxysuccin-
imide ester (BLCNHS) from Pierce, indocarbocyanate Cy-3-conju-
gated goat antimouse IgG from Jackson ImmunoResearch Laborato-
ries (West Grove, PA), and human recombinant tPA (Activase) from
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Genentech Inc. (San Francisco, CA). The ECL kit was from Boeh-
ringer Mannheim/Roche Diagnostics (Laval, QC, Canada).

 

Monoclonal Antibodies

 

Three monoclonal antibodies have been produced by immunizing
mice with endothelial plasmalemma obtained from rat lungs perfused
with silica beads (17): (

 

1

 

) mAb 21D5 to gp68 or PV-1, a plasmalem-
mal vesicle protein associated with caveolar stomata (18, 19); (

 

2

 

) mAb
28D5 to a rat isoform of PECAM-1 (18, 20); and, (

 

3

 

) mAb 30B3 to
gp85 (18). Anti-ACE mAb 9B9 that binds to rat angiotensin-convert-
ing enzyme, accumulates in the rat lungs and undergoes internalization
in the endothelial cells, was described previously (9, 14, 21). Anti-PE-
CAM mAb 62 conjugated with streptavidin was described in a recent
publication (8).

 

Biotinylation and Radiolabeling Proteins

 

Proteins were biotinylated at tenfold molar excess of fresh BLCNHS
and labeled with 

 

125

 

Iodine using Iodogen as described previously (22).
The modifications provide 1-2 biotins per molecule and radioactivity of
1-5

 

�

 

10

 

5

 

 cpm/ug, without detectable inactivation of the proteins (22, 23).

 

Immunofluorescent Staining

 

The rat lungs fixed by perfusion of 1% formaldehyde in 0.1M PBS at
pH 7.2 were frozen in isopentane at 

 

�

 

60

 

�

 

 C. Ten-micrometer cryosec-
tions were quenched in 150 mM glycin and in a mixture of 1% goat
normal serum, 1% ovalbumin in PBS. The sections were sequentially
incubated for 2 h in a 1/20 dilution of the primary antibody or nonspe-
cific IgG and indocarbocyanate Cy-3-conjugated goat antimouse IgG
and examined in a BioRad MRC confocal imaging system using a Cy3
filter (BioRad, Richmond, CA).

 

Perfusion of the Isolated Rat Lung

 

In all animal experiments, male Sprague-Dawley rats weighing 170 to
200 g were anesthetized intraperitoneally with sodium pentobarbital
(50 mg/kg). Isolated lungs were constantly perfused with a recirculat-
ing buffer and ventilated with a humidified gas mixture containing 5%
CO

 

2

 

 and 95% air (Airco Inc., Philadelphia, PA) in a water-jacketed
chamber maintained at indicated temperature (37

 

�

 

 C or 6

 

�

 

 C) as previ-
ously described (9, 11, 14). Ventilation was done at 60 cycles/min, 2-ml
tidal volume, 2 cm H

 

2

 

O end-expiratory pressure, using a SAR-830 ro-
dent ventilator (CWE Inc., Ardmore, PA). Perfusion through the pul-
monary artery with 45 ml Krebs-Ringer buffer (KRB at pH 7.4 con-
taining 10 mM glucose and 3% fatty acid-free BSA, KRB-BSA) was
maintained by a peristaltic pump at a constant flow rate of 10 ml/min.
Unless indicated otherwise, one microgram of 

 

125

 

I-labeled mAb was
added to the perfusate and after 1 h recirculating perfusion (except the
kinetics studies) the lungs were perfused for 5 min with a nonrecircu-
lating antibody-free buffer to eliminate nonbound material. The lungs
were rinsed with saline, blotted with filter paper, lung wet weight was
determined, and residual 

 

125

 

Iodine was measured in a gamma-counter
and expressed as percentage of perfused radioactivity per lung.

 

In vivo

 

 Administration of Radiolabeled Antibodies

 

A design, protocol, and analysis of a typical experiment have been de-
scribed previously (4, 8, 11). Briefly, anesthetized male Sprague-Daw-
ley rats were injected with a mixture of 1 

 

�

 

g 

 

125

 

I-mAb 30B3 and 

 

131

 

I-
IgG via the tail vein and killed 1 h later to obtain the internal organs,
which were washed with saline, blotted dry, and weighed and radioac-
tivity in organs was determined in a gamma-counter. The parameters
of 

 

125

 

I-mAb biodistribution were calculated including % of injected
dose per gram of tissue (%ID/g). This parameter permits comparisons
of uptake in different organs and evaluates tissue selectivity of an an-
tibody uptake. Without normalization per weight, uptake in large or-
gans (liver) may look extremely large when compared with that in a
relatively smaller organ (e.g., lung or heart). The ratio between %ID/g
in an organ of interest and that in blood gives localization ratio (LR).
This parameter compensates for a difference in blood level of circulat-
ing antibodies (e.g., because of different rate of renal or hepatic clear-
ance or uptake by targets), helps to account for the level of nonspe-
cific IgG in an organ and allows a more objective comparison of
targeting between different carriers. The ratio between levels of an

antibody and control IgG (the Immunospecificity Index [ISI], which
can be calculated using either %ID/g or LR) shows the specificity of
an antibody uptake when compared with nontargeted IgG.

 

Ultrastructural Localization of gp85 in the Lungs

 

Pre-embedding staining was performed as previously described (18).
Briefly, sections 100 to 150 

 

�

 

m thick were cut from a rat lung fixed in
periodate-lysine-paraformaldehyde (PLP), quenched in 20 mM gly-
cine and 1% BSA and incubated overnight with mAb 30B3 conju-
gated to sulfo-

 

N

 

-hydroxy-succinimido Nanogold as described (18).
The staining was enhanced by silver, and the specimens were embed-
ded in Epon and examined in a Philips 400 electron microscope.

 

Immunoblotting of gp85 and Caveolin in Endothelial
Plasma Membranes

 

The endothelial membranes were isolated from perfused rat lung and
heart using silica bead technique and characterized for purity immu-
nochemically and by electron microscopy, as described previously (18,
20). Thirty micrograms of the endothelial membranes were resolved
by 10% acrylamide SDS-PAGE (Minigel) and transferred to nitrocel-
lulose filter. The upper part of the nitrocellulose filter, corresponding
to high molecular weight proteins of approximately 60 to 160 kD, was
incubated with anti-gp85 mAb 30B3 (1:200 dilution). The lower part
of the nitrocellulose filter, corresponding to low molecular weight
proteins of approximately 10 to 40 kD, was incubated with a mouse
mAb directed against caveolin (1:1,000 dilution, a gift from Dr. J. Glen-
ney, Glentech Inc., Lexington, KY). Monoclonal antibodies bound
the nitrocellulose were revealed by peroxidase-conjugated goat anti-
body directed against mouse Ig (1:20,000; Amersham, Oakville, ONT,
Canada), with an enhancement using a ECL chemiluminescence kit
(Amersham).

 

RESULTS

 

In the present work we characterized the targeting capacity of
monoclonal antibodies directed against surface endothelial
antigens separated from rat lungs using the silica bead method
developed by Jacobson and coworkers (17). The following an-
tibodies were used: (

 

1

 

) mAb 21D5 to gp68 or PV-1, a novel
plasmalemmal vesicle protein associated with endothelial ca-
veolar stomata (19, 20,); (

 

2

 

) mAb 28D5 to a rat isoform of PE-
CAM-1 (20); (

 

3

 

) mAb 30B3 to gp85, a recently described en-
dothelial surface glycoprotein localized in the avesicular zone
of the lung alveolar capillaries (18). We compared pulmonary
uptake of these antibodies with a murine monoclonal antibody
directed against angiotensin-converting enzyme, anti-ACE mAb
9B9. Properties of this highly promising candidate affinity car-
rier for the intracellular immunotargeting of drugs to endothe-
lium are described in the literature (4, 11, 21).

An immunofluorescent study showed that mAb 30B3, as
well as mAb 21D5 and mAb 28D5, provides staining of the
rat lung tissue sections (Figure 1). However, only mAb 30B3
accumulated in the isolated rat lungs when perfused through
the pulmonary vasculature (Figure 2). Pulmonary uptake of

 

125

 

I-labeled mAb 30B3 achieved 20 to 25% of injected dose per
gram of lung tissue (%ID/g), a value similar to that of anti-
ACE mAb 9B9, used as a positive control in this study. In con-
trast, the uptake of mAb 21D5 and 28D5 did not exceed that of
control 

 

125

 

I-IgG used as a negative control (0.5 

 

�

 

 0.2 %ID/g).
Because 

 

125

 

I-mAb 30B3 accumulated in the isolated lungs,
we characterized its tissue distribution 

 

in vivo

 

 after intravascu-
lar injection in intact rats. 

 

125

 

I-mAb 30B3 accumulated prefer-
entially in the lungs after intravenous injection, whereas its
level in blood and in other major organs (except kidney) did
not exceed that of 

 

125

 

I-IgG (Figure 3, Panel A). Therefore, Im-
munospecificity Index (ISI

 

%ID/g

 

, determined as ratio of 

 

125

 

I-
mAb 30B3 %ID/g to that of 

 

125

 

I-IgG) did not exceed 1 in any
organ, except kidney (renal ISI

 

%ID/g

 

 is 1.7) and, most impres-
sively, in the lungs (pulmonary ISI

 

%ID/g

 

 exceeds 10). However,
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blood level of 

 

125

 

I-mAb 30B3 was significantly lower than that
of 

 

125

 

I-IgG (Figure 3A). Similar effect has been observed with
other endothelial antibodies and reflects a partial depletion of
the circulating antibody pool, likely caused by binding to the
target (11). In order to compensate for differences in blood
level, we determined Localization Ratio for 

 

125

 

I-mAb 30B3
and 

 

125

 

I-IgG (Figure 3, Panel C). In the lungs, Localization
Ratio of 

 

125

 

I-mAb 30B3 was close to 10, whereas that of 

 

125

 

I-
IgG did not exceed 0.3. Renal and cardiac LR values for 

 

125

 

I-
mAb 30B3 were equal to 1.2 and 0.7 (statistically different
from corresponding 

 

125

 

I-IgG values). Thus, ISI calculated us-
ing LR reveals some degree of specific uptake of 

 

125

 

I-mAb
30B3 in the heart (cardiac ISI

 

LR

 

 was close to 2.5), in addition
to that in kidney (renal ISI

 

LR

 

 was close to 3.5). However, the
pulmonary ISI

 

LR

 

 of 

 

125

 

I-mAb 30B3 exceeded 30, thus indicat-
ing a preferential pulmonary targeting (Figure 3D).

In order to address the mechanism of preferential pulmo-
nary accumulation of mAb 30B3 in rats, we compared its bind-
ing to purified endothelial membrane fraction that has been
separated from the perfused rat lungs and hearts by silica bead
technique. It can be seen in Figure 4 that antibody against ca-
veolin, a marker antigen localized in endothelial caveoli in di-
verse organs, bound to the membranes purified from either
lung and heart, with a slight preference to the cardiac mem-

branes. By contrast, anti-gp85 mAb 30B3 displayed an abun-
dant binding to the pulmonary endothelial membranes and
rather modest binding to the cardiac membranes. This result
indicates that the pulmonary endothelium is enriched in gp85.

Preferential pulmonary targeting of intravenously injected
endothelial antibodies may reflect, at least in part, the first-
pass phenomenon. In order to address this issue, we compared
targeting of antibodies to endothelial antigens gp85, ACE,

Figure 1. Immunofluorescent labeling of the rat lung tissue sections
with the 30B3 (A), 21D5 (B), and 28D5 (C) monoclonal antibodies. As
a control, sections were incubated with the secondary Cy3-conjugated
antibody against mouse IgG (D).

Figure 2. Uptake of 125I-
labeled monoclonal anti-
bodies in the isolated rat
lungs perfused with blood-
free buffer. Antibodies (10
�g each) were perfused
for 1 h and nonbound ex-
cess antibodies were elim-
inated by 10-min nonre-
circulating perfusion of
antibody-free buffer. 125I-

anti-ACE mAb 9B9, which has been described to accumulate in the rat
lungs (26), was used as a positive control. 125I-IgG was used as a nega-
tive control. In this and other figures the data shown are M � SEM,
n � 3, unless specified.

Figure 3. Tissue distribution of 125I-mAb 30B3 and control 125I-IgG 1 h
after systemic injection in intact anesthetized rats. Panel A shows tissue
uptake of 125I-IgG (closed bars) and 125I-mAb 30B3 (hatched bars) ex-
pressed as %ID/g. Panel B shows ISI%ID/g calculated from the data
shown in Panel A. The dashed line shows ISI level equal to 1 reflecting
equal tissue level of the immune and nonimmune counterparts. Panel
C shows Localization Ratio, or organ-to-blood ratio of 125I-IgG (closed
bars) and 125I-mAb 30B3 (hatched bars). Panel D shows ISILR calculated
from the data shown in Panel C. The dashed line shows ISI level equal
to 1. Differences between mAb 30B3 and IgG are statistically signifi-
cant at **p 	 0.01 or *p 	 0.05.

Figure 4. Detection of the gp85 antigen in the
purified endothelial membranes of the rat lung
and heart. Immunoblotting with anti-gp85 mAb
30B3 and anticaveolin mAb was performed as de-
scribed in METHODS. Note the significantly lower
presence of the gp85 in the heart endothelial
plasma membrane, contrary to the caveolar marker.
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and PECAM-1 (in a form of conjugate with streptavidin) after
venous versus arterial administration. Figure 5A shows that
the blood level (hatched bars) and pulmonary uptake (closed
bars) of these mAbs 1 h postarterial injection, expressed as
percent of the corresponding level observed after intravenous
injection (dash lane, 100%). In this series, blood level of all
tested antibodies was slightly lower after arterial injection
than that after venous injection. The nature of this effect is ob-
scure, yet the differences with intravenous route did not reach
statistical significance. The pulmonary uptake of anti-PECAM

 

125

 

I-mAb/streptavidin conjugate was significantly lower after
arterial than after venous injection (reduced by 25%, p 

 

	

 

0.05). This result reveals significant contribution of the first-
passage phenomenon in the preferential pulmonary accumu-
lation of an antibody directed against this “pan-endothelial”
antigen. By contrast, pulmonary uptake of anti-gp85 

 

125

 

I-mAb

30B3 after arterial injection was practically the same as after
venous administration. Pulmonary uptake of anti-ACE mAb
9B9 after arterial injection was slightly (insignificantly) lower
than that after venous injection. Compared with peripheral
counterpart, the pulmonary capillaries were enriched in ACE
(11, 12). Therefore, the data shown in Figure 5A imply that
the first-pass phenomenon has very limited, if any, impact on
the preferential pulmonary targeting of anti-gp85 mAb 30B3
and that the selectivity of its pulmonary uptake is similar to
that of anti-ACE mAb 9B9. It can be seen in Figure 5B that
the biodistribution of 

 

125

 

I-mAb 30B3 was similar after intrave-
nous versus intraarterial administration in all inspected tis-
sues. It can be seen in Table 1 that 

 

125

 

I-mAb 30B3 displayed
equal uptake throughout the lung lobes regardless of the path-
way of administration.

These results imply that mAb 30B3 may be useful for vas-
cular immunotargeting of drugs to the pulmonary endothe-
lium. Therefore, we characterized its binding to endothelium
in the isolated rat lung in more detail. Addition of nonlabeled
mAb 30B3 to the perfusate buffer markedly suppressed pul-
monary uptake of 

 

125

 

I-labeled mAb 30B3 in a dose-dependent
manner (Figure 6, Panel A). This competition experiment
confirms the specificity of mAb 30B3 immunotargeting medi-
ated by its binding to gp85, and Figure 6B shows the binding
curve of 

 

125

 

I-mAb 30B3 in IPL. Practical reasons limited the
total number of experimental points and the highest mAb
30B3 concentration attained in this setting. Therefore, the
quantitative analysis of the binding data obtained in IPL
should be interpreted more cautiously than that of binding
curves obtained in standard RIA using immobilized purified

Figure 5. The administration route does not affect the pulmonary tar-
geting of mAb 30B3 in rats. Panel A shows pulmonary uptake (closed
bars) and blood level (hatched bars) of 125I-labeled antibodies directed
against PECAM-1, gp85 (mAb 30B3), and ACE in rats. The data ob-
tained after intraarterial injection are presented as percent of the corre-
sponding values obtained after intravenous injection. The difference
between two routes is statistically significant at *p 	 0.05. Panel B
shows tissue uptake of 125I-mAb 30B3 injected intraarterially (closed
bars) or intravenously (hatched bars).

 

TABLE 1. DISTRIBUTION OF

 

125

 

I-LABELED mAb 30B3 IN THE RAT
LUNG LOBES ONE HOUR AFTER ADMINISTRATION IN THE
PERFUSED RAT LUNGS OR SYSTEMIC ADMINISTRATION
IN INTACT RATS*

 

Lung Lobe IPL IV IA

Right Low 23.3 

 

�

 

 0.8 11.2 

 

�

 

 1.3 10.5 

 

�

 

 2.1
Right Middle 20.7 

 

�

 

 0.9 9.8 

 

�

 

 0.5 12.5 

 

�

 

 1.1
Right Upper 19.5 

 

� 0.9 11.3 � 0.3 13.2 � 1.8
Cardiac 24.1 � 1.2 8.9 � 0.3 15.4 � 2.5
Left 21.4 � 1.1 12.5 � 2.3 9.7 � 1.8

* Radiolabeled mAb 30B3 (1-2 �g) was administered in the isolated perfused lung
(IPL) or injected intravenously (IV) or in the left ventricle (intraarterial, IA) as described in
the METHODS. The data are presented as percent of injected dose per gram of tissue (M �
SEM, n � 3). There was no statistically significant difference between the lobes at each
pathway of administration. Note that there is no extrapulmonary uptake of mAb 30B3
in the isolated lung during perfusion (for example, by reticuloendothelial system, excre-
tory organs and lymphatic system). This helps to explain a higher uptake of mAb 30B3
in the isolated lungs when compared with that after systemic (IV and IA) administration.

Figure 6. Binding of 125I-mAb 30B3 in perfused rat lungs. Panel A
shows inhibition of pulmonary uptake of 125I-mAb 30B3 (1 �g) by ad-
dition of the indicated dose of nonlabeled mAb 30B3 to the perfusate
buffer. Panel B shows dose dependence of the pulmonary uptake of
125I-mAb 30B3 and a pilot Scatchard analysis of the binding curve (in-
sert).
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antigens. However, the Scatchard analysis of the 125I-mAb
30B3 binding curve (the insert in Figure 6B) implies that the
antibody possesses a high binding affinity (Kd approximately
2.5 nM) and that its total binding capacity (Bmax) approaches
4.5 �g per rat lung, or approximately 1.5 � 1013 molecules per
gram of rat lung. Because rat lung contains approx. 4 � 108 en-
dothelial cells (24), this result implies that a single “generic”
endothelial cell in the rat lung possesses approximately 105

binding sites for mAb 30B3.
In the next series, we have compared the temperature de-

pendence and kinetics of 125I-labeled mAb 30B3 uptake in the
perfused rat lungs with those of 125I-labeled anti-ACE mAb
9B9. The equilibrium level of 125I-mAb 30B3 in the perfused
rat lungs in these series was consistent with that shown in Fig-
ure 6. The uptake of mAb 30B3 was not suppressed by low
temperature (6� C) that inhibits an energy-dependent inter-
nalization, whereas it suppressed the uptake of internalizable
mAb 9B9 (Figure 7, Panel A); Figure 7, Panel B, shows that
mAb 30B3 displayed a very rapid saturation of the uptake,
whereas mAb 9B9 displayed markedly slower uptake (T1/2
was 15 min for mAb 30B3 versus 60 min for mAb 9B9). These
results imply that mAb 30B3 does not undergo rapid internal-
ization in the pulmonary vasculature.

In order to characterize the subcellular localization of mAb
30B3 antigen in the rat lungs more precisely, we stained lung
tissue sections with mAb 30B3 covalently coupled to 1.2 nm
organometallic gold nanoparticles. Identical qualitative results
were obtained with either the preembedding and postembed-
ding approaches, except that in the latter, the intensity of
staining was substantially lower. This is a known consequence
of the fact that in postembedding method only the antigens
“sticking out” of the resin in the plane of the section are avail-
able to the immune reagents. On the other hand, this tech-
nique can probe cellular and tissue compartments imperme-
able to antibodies in the pre-embedding variant. Examination
of the tissue sections in a transmission electron microscope re-
vealed that mAb 30B3 binds exclusively to vascular endothe-
lium in the lung tissue. Pulmonary epithelial cells were free of
gold particles and only a few particles could be detected in the
interstitium. It can be seen in Figure 8 that in the alveolar cap-
illaries, mAb 30B3 bound specifically to a thin part of endo-
thelial cell body that lacks vesicles and separates alveolar and

vascular compartments (i.e., avesicular zone) (15). In a sharp
contrast, plasma membrane covering endothelial nuclear and
paranuclear regions containing majority of the organelles and
plasmalemmal vesicles was practically free of labeling. Major
fraction of the gold particles was associated with the luminal
surface of endothelial plasmalemma in the avesicular zone,
with only few particles detectable intracellularly or in suben-
dothelial compartment.

The results shown in Figures 7 and 8 imply that mAb 30B3
recognizes an easily accessible epitope on a relatively poorly
internalizable surface endothelial antigen, gp85, localized in
the plasma membrane domain that lacks endocytotic machin-
ery. Therefore, this antibody may be useful for the vascular
immunotargeting of drugs, which supposed to persist on the
endothelial surface and act in the blood (e.g., antithrombotic
agents). In order to evaluate this avenue, we studied delivery
of tissue-type plasminogen activator (tPA) coupled to mAb
30B3 using avidin-biotin crosslinker. Our previous work docu-
mented that tPA retains full fibrinolytic activity after such
modification (23).

In the first series, we perfused isolated rat lungs for 1 h with
100 �g of biotinylated mAb 30B3. After elimination of non-
bound material and change of the perfusate buffer, we further
perfused 20 �g of 125I-labeled biotinylated tPA conjugated
with neutravidin (125I-tPA/NA complex). In this setting, the
pulmonary uptake of 125I-tPA/NA was 9.1 � 1.8 %ID/g. Up-
take of 125I-tPA/NA perfused after control biotinylated IgG
was five times lower (1.6 � 0.4 %ID/g) and did not exceed
that of 125I-tPA in control perfused rat lungs (1.8 � 0.5 %ID/g).
Specific uptake of 125I-tPA/NA in the lungs perfused postaccu-
mulation of biotinylated mAb 30B3 confirms the notion that
pulmonary endothelium poorly internalizes mAb 30B3. Oth-
erwise, biotinylated mAb 30B3 would disappear from the lu-
men and could not harbor 125I-tPA/NA conjugate to endothe-
lium. We have demonstrated previously that avidin does not
bind in the isolated rat lungs when perfused after the internal-
izable biotinylated anti-ACE mAb 9B9 (14).

Figure 7. Comparison of the
pulmonary uptake of 125I-mAb
30B3 and 125I-mAb 9B9 in the
perfused rat lungs. Panel A. Ef-
fect of the temperature on the
uptake (37� C, hatched bars,
6� C, closed bars). The uptake of
125I-mAb 30B3 at 6� C was simi-
lar to that at 37� C, whereas
uptake of the internalizable 125I-
mAb 9B9 was suppressed by 50%
at 6� C. The data are shown as
mean � SEM, n � 6 for mAb
9B9 at 37� C, n � 3 for other
groups. Panel B. Kinetics of the
antibodies uptake. The uptake
of 125I-mAb 30B3 reached rapid
saturation (circles, T1/2 � 15
min), whereas that of 125I-mAb
9B9 was markedly slower (squares,
T1/2 � 60 min). There was no
uptake of nonspecific 125I-IgG
in the entire period of perfusion
(triangles).

Figure 8. Labeling of rat lung tissue section with Nanogold-conju-
gated mAb 30B3. Endothelial plasma membrane indicated with arrow-
heads. Note the unique association of the corresponding antigen to
the attenuated, avesicular domain of the capillary endothelium. Other
parts of endothelial cell body, thick enough to contain caveolae or
other organelles, lack or contain markedly less gold particles. The sur-
face of epithelial cells (EPI and EPII) is completely free of gold particles.
AS � air space; CL � capillary lumen; End � endothelial cell.
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To evaluate whether mAb 30B3 carrier permits drug tar-
geting in vivo, we studied tissue distribution of 125I-tPA/NA
conjugated with biotinylated mAb 30B3 in intact rats. The
conjugate displayed higher hepatic and renal uptake than
mAb 30B3 (Figure 9). This result is similar to that seen with
tPA coupled to other carriers and can be attributed to tPA-
mediated clearance of the conjugates (23). However, tPA cou-
pled with mAb 30B3, but not with control nonspecific IgG,
preferentially accumulated in the lungs after intravenous in-
jection in intact rats. Localization ratio was 8.4 � 0.9 for mAb
30B3/125I-tPA versus 0.4 � 0.1 for IgG/125I-tPA. Nonconju-
gated tPA displayed even lower pulmonary uptake and ex-
tremely fast elimination from the bloodstream than control
IgG/tPA conjugate (not shown). The mAb 30B3/125I-tPA Im-
munospecificity Index (ratio between the tissue uptake of im-
mune and nonimmune counterparts) exceeded 1 only in the
lungs. Thus, ISI%ID/g was equal to 13, whereas ISILR, compen-
sating for the difference in blood clearance, exceeded 20. This
result indicates that mAb 30B3 provides vascular immunotar-
geting of tPA to the lungs.

DISCUSSION

This study has addressed immunotargeting of drugs to a re-
cently described antigen (gp85) localized in the endothelial
avesicular zone in the alveolar capillaries. We employed perfu-
sion of isolated rat lungs and systemic administration in intact
rats in order to study the targeting of antibodies to the surface
endothelial antigens obtained from rat pulmonary endothe-
lium by silica bead separation (18, 20). Our results show that
mAb 30B3 to gp85 accumulates in the rat lungs and permits
immunotargeting of drugs to the pulmonary vasculature. Two
other monoclonal antibodies produced by immunizing mice by
a similar preparation of rat lung endothelial plasmalemma dis-
played intense staining of the lung tissue, yet failed to accumu-
late either in the perfused rat lungs (Figure 2) and in vivo (not
shown). Lack of mAb 28D5 targeting (that recognizes rat PE-
CAM-1 isoform) is not entirely surprising in the light of the
finding that, unless coupled to an optimal size vehicle, PECAM
antibodies poorly accumulate in the lungs (8, 11). A likely ex-
planation for mAb 21D5 failure is that its epitope in PV-1 anti-
gen is not accessible for the antibody from the lumen.

We compared pulmonary targeting of mAb 30B3 with that
of anti-ACE mAb 9B9, a well-characterized internalizable
carrier potentially useful for intracellular delivery of drugs
and genes to the pulmonary endothelium (4, 11, 14). Binding
of mAb 30B3 to vascular endothelium is similar to that of anti-
ACE mAb 9B9 by several parameters. A pilot Scatchard anal-
ysis of binding in the perfused rat lungs revealed that mAb
30B3 possesses slightly higher affinity (2.5 nM) and lower
number of binding sites (105 molecules/cell) than mAb 9B9
(10 nM and 2.5 � 105 molecules/cell) (14). However, in con-
trast to ACE antibodies, mAb 30B3 is poorly internalizable in
the lungs. This conclusion is based on the following findings:
(1) binding of mAb 30B3 is not suppressed at low temperature
that prohibits internalization; (2) pulmonary uptake of mAb
30B3 is very rapidly saturated; and, (3) biotinylated mAb
30B3 is exposed to the lumen after perfusion and binds subse-
quently perfused avidin. An apparent lack of mAb 30B3 intra-
cellular uptake corroborates with a unique localization of gp85
in the endothelial plasma membrane. Electron microscopy shows
a unique localization of mAb 30B3 antigen in the pulmonary
capillaries, where it is restricted to the avesicular zone that
lacks major organells and endocytotic vesicles.

Analysis of tissue distribution and targeting of radiolabeled
antibodies in intact animals can be performed in many ways.

In order to analyze the selectivity of mAb targeting to organs
of interest, it would be tempting to normalize mAb uptake per
surface vascular area in an organ. However, published data on
surface vascular area in the organs are fragmentary and con-
flicting. For example, the vascular surface area in the lungs
varied from 38 m2 (25) to 300 m2 (17) and even 5,000 m2 (26)
in humans and from 2,500 cm2/g of lung (27) to 4,800 cm2/g
(28) in rats (normalized to 300 g per rat). In addition, the up-
take of 125I-labeled antibodies in many organs was hardly dis-
tinguishable from that of control IgG (presumably reflecting
antigen-independent uptake such as Fc-receptor-mediated bind-
ing). These circumstances precluded an accurate quantifica-
tion of the organ selectivity of specific targeting. However, the
goal of our work was to develop a drug delivery strategy, not
to define the degree of tissue selectivity of expression of
blood-accessible gp85 in the vasculature. Therefore, we uti-
lized standard pharmacokinetics parameters (%ID/g and or-
gan/blood ratio, LR), which permit an accurate comparison
between target and nontarget uptake of different agents. A
relatively high pulmonary uptake of any given antibody could
reflect the fact that the lung vascular area is larger than that in
other organs. However, comparison of a mAb pulmonary up-
take with that of nonspecific control IgG (Immunospecificity
Index, ISI) shows the specificity of preferential pulmonary up-
take of mAb 30B3 (and anti-ACE mAb 9B9). Some degree of
selective uptake was also noted in the kidney and heart, al-
though the specific cardiac accumulation of mAb 30B3 could
not be revealed without account for the difference in blood
clearance of the antibody and IgG. The immunoblotting data
indicate that pulmonary vasculature is enriched in gp85 and
help to explain a relative selectivity of the preferential pulmo-
nary uptake of mAb 30B3 (Figure 4). Noteworthy, mAb 30B3
did not accumulate in the liver and spleen, in contrast to anti-
bodies directed against other endothelial antigens, such as PE-
CAM and ICAM (11).

Analysis of pulmonary uptake after intravenous versus in-
traarterial administration provides an additional insight into
the preferential pulmonary uptake of mAb 30B3. Thus, the
uptake of an antibody directed against PECAM-1 was re-
duced by roughly 30% after arterial injection, indicating that
the first-pass phenomenon represents a substantial compo-
nent in pulmonary targeting directed to this pan-endothelial
antigen. In contrast, pulmonary uptake of anti-ACE was only
marginally and statistically insignificantly affected by arterial
routing, likely reflecting specifically high presentation of ACE
in the pulmonary capillaries, documented recently in humans
and rats (11, 12). Thus, the fact that pulmonary uptake of
30B3 was equal after either route implies that selectivity of its
pulmonary accumulation at least matches that of anti-ACE. In

Figure 9. Pulmonary immunotargeting of tPA by mAb 30B3. Tissue
distribution of 125I-tPA/NA complex conjugated with either biotiny-
lated mAb 30B3 (hatched bars) or with biotinylated IgG (closed bars)
1 h after intravenous injection in intact anesthetized rats. The data are
presented as percent of injected dose per gram.
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addition, mAb 30B3 shows a relatively more selective pulmo-
nary uptake than antibodies to pan-endothelial antigens PE-
CAM-1 or ICAM-1, which also accumulate in the liver and
spleen (see also 11, 29).

The selectivity of endothelial immunotargeting represents
an intriguing issue that is a subject of ongoing studies. Endo-
thelial cells display morphologic, biochemical, and antigenic
heterogeneity in the vascular system (30–33). Identification of
the surface endothelial markers of specific domains in the vas-
culature may be used for a more selective vascular immuno-
targeting. First, normal endothelial cells localized in different
organs vary in marker antigens (30). Although such organ-
specific antigens remain to be identified for many organs, re-
sults of recent studies obtained using in vivo selection of phage
display libraries imply that unique surface determinants exist
in brain, lung, spleen, and many other organs (33). Second, en-
dothelial cells localized in different type of vessel express dif-
ferent markers. For example, capillary endothelium is en-
riched in HEMCAM and CD36 antigens (34, 35), whereas
venous endothelium is enriched in LuECAM antigen (36).
Third, certain antigens are heterogeneously distributed in the
endothelial plasmalemma. For example, PV-1 antigen and ca-
veolin are associated with caveoli (17, 19), whereas PECAM-1,
at least in cell culture, tends to be concentrated in the intercel-
lular borders (37). Finally, endothelial cells involved in patho-
logic process such as tumor growth or inflammation, express
abnormal antigens such as inducible surface adhesion mole-
cules and growth factors and their receptors. Antibodies
against these determinants have been proposed for recogni-
tion of specific endothelial determinants in tumors and inflam-
mation foci (3, 38, 40). Antigenic heterogeneity of endothelial
cells may provide an invaluable tool for selective addressing of
drugs in the vasculature (vascular immunotargeting) (2).

So far, endothelial antigenic heterogeneity has been ad-
dressed mostly by staining of tissue sections. This approach
permits maximal exposure of target antigens and thus reveals a
whole repertoire of specific markers in the vasculature. How-
ever, in order to be a good candidate target for drug delivery, a
marker must bind circulating carriers in the vascular domain of
interest. Such a binding is governed by a carrier affinity, as well
as by surface density and accessibility of a marker determinant
to the blood. Accessibility to biotinylating or iodinating agents
(40, 41) does not necessarily mean that a membrane protein is
a good target since its specific epitopes may be poorly accessi-
ble for such large drug carriers as antibodies, liposomes, or vi-
ral particles. Our previous studies with diverse radiolabeled an-
tiendothelial antibodies injected in intact animals documented
that tissue level of a target antigen is a less important determi-
nant for an antibody accumulation than epitope accessibility to
the bloodstream (1, 4, 11).

There are very few, if any, examples of domain-specific car-
riers in the literature. Antibodies to caveoli-associated anti-
gens bind to this specific domain in the endothelial plasma-
lemma and may permit intraendothelial and transendothelial
delivery of drugs (3). The targeting profile of antibodies di-
rected against caveoli is worth more detailed investigation.
Speculatively, PECAM-1 antibodies provide another example
of domain-specific targeting since PECAM-1 is localized in in-
tracellular borders in endothelial cell culture (9). However,
PECAM-1 seems to be more uniformly distributed on the en-
dothelial luminal surface in vivo (42).

Vascular immunotargeting to the antigens localized in spe-
cific vascular domains in the lungs, such as gp85, has not been
addressed directly in the literature. Several groups approached
the problem via studies of morphologic and functional hetero-
geneity of the normal and pathologically altered pulmonary

endothelial cells (10, 25, 41). Studies using membrane protein
mapping (41), phage display (33), and isolation of endothelial
antigens by silica beads (3, 18, 20, 39, 43) provided several tar-
gets potentially useful for recognition of and drug delivery to
specific endothelial domains in the lungs. However, none of
the potential carrier antibodies directed against these targets
has been characterized in terms of binding to endothelium,
subcellular uptake and drug delivery in the perfused lungs and
intact animals. Therefore, to our knowledge, this study pro-
vides the first evidence that a monoclonal antibody against an
antigen localized in a unique macrodomain in the alveolar en-
dothelium affords vascular immunotargeting of drugs to the
lungs. Strategic location of the mAb 30B3 antigen implies that
this poorly internalizable carrier may be useful for targeting of
antithrombotic agents (such as tPA) or agents that would inter-
cept and inactivate proinflammatory mediators diffusing from
alveolar to vascular compartments.

Carrier antibodies may modulate function, membrane me-
tabolism and shedding of target antigens. Thus, some ACE
antibodies suppress its enzymatic activity (21, 44), whereas
PECAM antibodies inhibit adhesion of white blood cells (45).
Such effects may represent either side effect or secondary
benefit for a therapy. Thus, further consideration of mAb
30B3 as a drug carrier depends on identification of the antigen
and its function. This pending information is important in the
context of the vascular immunotargeting and better under-
standing of nature of endothelial functional heterogeneity.
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