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ABSTRACT

Despite improved resolution with new imaging techniques, surgical
confirmation of mediastinal lymph node status is often required for
reliable staging of patients with non-small cell lung cancer. Recent
scintigraphic studies suggest that s.c. administration of radiolabeled
antibodies can be more efficient than the i.v. route for targeting regional
lymph nodes in animals and humans. To determine if this approach could
be applied to the lymphatics of the lung, we injected both specific and
irrelevant radiolabeled monoclonal antibodies via a flexible fiberoptic
bronchoscope through the mucosa of lobar bronchi in normal dogs. The
injected antibodies were expected to drain by way of local lymphatic
vessels toward the central lymph nodes, in effect following the same
pathway as do cells metastasizing to these nodes during early regional
tumor dissemination.

To accomplish this, anesthetized dogs were intubated and then coin-
jected with the two labeled antibodies (600 uCi/WQ ug (total)] through a
fiberoptic bronchoscope. The animals were serially imaged and then
autopsied 14-36 h after injection. Individual hilar and carina! nodes
contained over 1% of the injected 13ll-labeled specific antibody dose and

the average selectivity was 2.5:1 with respect to a coinjected irrelevant
IgG. Distant organs (mesenteric lymph node, liver, spleen, bone marrow,
and lung parenchyma other than the injection site) contained much less
radioactivity, and those sites accumulated a greater fraction of the non
specific labeled antibody. The ratio of iodine-131 to Â¡odine-125counts
between hilar/carinal lymph nodes and abdominal lymph nodes ranged
from 15:1 to 100:1. These initial studies indicate efficient delivery of
antibody to a subset of the regional nodes via pulmonary lymphatics.
They suggest the feasibility of this technique which may be of use in the
detection and perhaps therapy of human lung cancer mÃ©tastasesin
regional lymph nodes.

INTRODUCTION

Injection of monoclonal antibodies s.c. has been reported as
an alternative to i.v. administration for access to target antigens
in regional lymph nodes. Antigens on normal lymph node cells
(1, 2) and metastatic tumor cells (3, 4) have been targeted.
Those studies demonstrated much more efficient delivery to
nodes via the lymphatic route than from the bloodstream.
Efficient delivery has also been obtained in clinical trials by
injecting the pan-T-cell antibody, T101, into the toe webs of
patients with cutaneous T-cell lymphoma (4). A mean of 30%
of injected dose of the '"In-labeled T101 accumulated in the
draining lymph nodes of the inguinal-femoral, iliac, and pa-
raaortic chains, constituting by far the most efficient antigen
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targeting yet achieved clinically with radiolabeled monoclonal
antibodies. Similarly, a monoclonal antibody directed against
breast carcinoma (5) and a polyclonal antibody preparation
directed against carcinoembryonic antigen (6) have been re
ported to accumulate in affected regional nodes after s.c. injec
tion. This route of administration has the advantage of confin
ing the reagent to a limited anatomical compartment. It also
provides first access of the labeled antibody to the target anti
gen, avoiding sites of frequent cross-reactivity and sites of
clearance such as the liver, spleen, and kidneys (7). When used
for diagnostic imaging with radionuclide conjugates, this tech
nique has been called "immunolymphoscintigraphy."

One limitation of this approach is that many tumors metas-
tasize to lymph node groups that do not drain s.c. injection
sites. We hypothesized that lymphatic delivery could be gener
alized to include such node groups accessible by the use of
endoscopie methods. In particular, the goal of the present study
was to test the feasibility of extending the technique to bron-
choscopic administration for access to lymph nodes in the lung
and mediastinum. Those node chains are sites of initial metas
tasis from carcinomas of the lung. Lung cancer is the most
commonly fatal malignancy in our society, and a condition in
which imaging of abnormal lymph nodes could potentially aid
in patient management. Full assessment of the lymphatic spread
of lung cancer currently requires a major surgical procedure
(8). Newer imaging modalities such as magnetic resonance
imaging and computerized tomography are neither sensitive
enough nor specific enough to supplant surgical evaluation.
Here we report the results of an analysis of bronchoscopic
injection of radiolabeled monoclonal antibodies in a small
group of normal dogs to determine if this approach is feasible.
Our intention is to ultimately apply this approach to determine
if it can be used to image tumor involvement in the nodal
drainage of the lungs of patients with lung cancer.

MATERIALS AND METHODS

Animal Model. Four healthy foxhounds weighing 20-22 kg were
studied. Each dog was anesthetized with sodium pentobarbital (60 mg/
kg of body weight) and intubated with a 10-mm cndotrue-heal tube prior

to bronchoscopy. An i.v. solution of 5% dextrose and saline was infused
during the entire procedure. All procedures were performed in a fashion
consistent with NIH animal handling guidelines, under the direct
supervision of a veterinarian (J. H.). Foxhounds were chosen for this
investigation because they are one of the smallest "large" animals that

can accommodate the bronchoscopic instruments used in humans.
Antibodies. To test the feasibility of bronchoscopic delivery in a

simple, reproducible system we used antibodies directed against deter
minants on normal lymphocytes, and the studies were done in double-
label format. The specific antibody was ISCR3, an IgG2bic,directed
against an I-Ek determinant (9). This antibody was originally derived
from immunization with murine la-bearing cells but was found to cross
react with la-bearing cells of other species, including the dog (9). As a
nonspecific marker, we used monoclonal antibody 36.7.5, an IgG:Â»*,
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which reacts with a private specificity of the mouse class I histocom-
patibility antigen, H-2Kk (10). To assess the efficiency and specificity

of antibody delivery to the nodes, we labeled the specific antibody with
iodine-131 and the nonspecific antibody with iodine-125.

Antibody Preparation and Radiolabeling. The antibodies were purified
from ascites fluid using pH-dependent absorption/desorption from
Protein-A coupled to Sepharose CL-4B (Pharmacia, Inc., Piscataway,
NJ), as described by Ey and coworkers (11). Protein concentrations for
the purified fractions of ISCR3 and the irrelevant 36.7.5 were deter
mined by optical density at 280 nm (1 mg/ml = 1.4). The purified
antibody preparations were concentrated to approximately 1.0 mg/ml
by positive pressure ultrafiltration (Amicon Corporation, Danvers,
MA). The purified, concentrated monoclonals were stored at -70Â°Cin

1-nil aliquots.
Radioiodination of both antibodies was carried out using iodogen by

the protocol of Salacinski and coworkers (12). The iodination cocktail
containing 100 g of antibody and 1.0 mCi of radioactive Nal was
allowed to incubate for 10 min at room temperature. The radiolabeled
antibody was then separated from unreacted sodium iodide by Sephadex
G-25 chromatography. Fractions comprising the peak of bound radio
activity were pooled. The specific activity of the final labeled antibody
preparation was 4.5-8 Â¿tCi/Vg.The final volume was standardized to
1.2 ml, containing approximately 400 nCi of iodine-131 and approxi
mately 200 fid of iodine-125. Half of this volume was administered
through each bronchus.

Characterization of Antibody Binding. Binding of ISCR3 to dog
mononuclear cells was assayed as previously described (13) with minor
modifications. Dog mononuclear cells (1.0 x 106/ml), partially purified
by Ficoll-Hypaque, were equilibrated with increasing concentrations of
radioiodine-labeled antibody in Hanks' balanced salt solution contain
ing 1.0% bovine serum albumin, 0.02% sodium azide, and 50 mM 2-
deoxyglucose. After 2 h of incubation at 4Â°C,triplicate 100-^1 samples

were centrifuged over phthalate oils. The number of bound antibody
molecules per cell was determined from the counts per minute in each
cell pellet. Supernatants were counted for mass balance. Binding kinet
ics and immunoreactive fraction were calculated. For injection, 0.5 mg
of radiolabeled antibody in 1% bovine serum albumin/phosphate buff
ered saline was mixed with a 1% solution of Evans blue dye to allow
visualization of the injectate.

Technique of Intrabronchial Injection. The injectate was delivered via
the aspiration port of an Olympus 5-B fiberoptic bronchoscope (Olym
pus Corporation of America, New Hyde Park, NY) using a transbron-
chial needle aspiration cytology catheter (Cook, Incorporated, Bloom-
ington, IN) (Fig. 1). The dogs were injected bilaterally and each injec
tion was made at the junction of two lobar bronchi under direct
visualization (Fig. 2). The depth of penetration of the fully extended
needle was 5 mm. Hence, the antibody was presumably injected into

To thoracic duct

Fiberoptic
Bronchoscope

Catheter sheath with
needle extended

Injection site
/(Interstitial space)

Fig. 1. Schematic diagram of transbronchial aspiration cytology catheter
designed for use in obtaining cells of pulmonary tissue (often from lymph nodes)
for diagnostic cytologie analysis. This catheter was used in a nonstandard fashion
in this study to deliver labeled antibody through the bronchial mucosa.

Fig. 2. Schematic view of modified application of transbronchial aspiration
cytology catheter for use in injecting monoclonal antibody radionuclide conjugate
through the bronchial mucosa into the interstitial space. The injection is at a level
of a lobar bronchus, which would be in the location of most human lung cancers.
The injectate would then track back to the central mediastinal lymph nodes in a
distribution similar to that of lung cancer cells metastasizing from a right middle
lobe primary tumor.

the interstitium of the lung surrounding the bronchus. However, it was
not feasible to determine the exact histolÃ³gica! localization of each
injection site. Further studies will be required if the injection technique
is to be optimized. The initial dog was injected with only unlabeled
monoclonal antibody to assess the feasibility of the injection system.
Another dog received a low dose of radiolabeled antibody (30 nCi total
per lung). The remaining two dogs received 200 Ci of 13ll-labeled
ISCR3 and 100 /iCi of '"I-labeled 36.7.5 per injection site (600 /iCi

total per dog).
Imaging Methods. Images were obtained with a General Electric

Maxicamera 535 using a high energy parallel-hole collimator, and a
20% window centered over the 364-KeV photopeak of iodine-131.

Anterior and lateral images of the thorax were obtained on transparent
film and also acquired on a Hewlett-Packard scintigraphic data ana
lyzer. To calculate clearance, serial images were analyzed to determine
the numbers of counts in regions of interest over the injection sites.
Values were expressed as counts per minute after decay correction.
Initial values at the injection site (at To) were considered 100%, and
subsequent values were expressed as a percentage of those at T0. No
correction was made for tissue attenuation.

Analysis of Tissue Radioactivity. Serial specimens of blood were
obtained from an indwelling i.v. catheter, iodine-125 and iodine-131
counts in whole blood, plasma, and trichloroacetic acid-precipitable
fractions of plasma were measured in a y well counter. The three dogs
receiving radiolabeled antibody were sacrificed 14-36 h after injection,

and autopsies were performed. Tissues from the major organs were
obtained and analyzed for radioactivity. Counts were decay corrected
and expressed as fraction of dose per gram of organ normalized by the
body weight.

Gross and Microscopic Analysis. In addition to analysis for radioac
tive content, representative autopsy specimens were subjected to micro
scopic evaluation. For the immunohistochemical analysis, secondary
antibody only (horse anti-mouse polyclonal IgG; Vector Laboratories,
Burlingame, CA) was employed to detect the presence of mouse im-
munoglobulin in frozen sections of selected tissues using the avidin-
biotin-complex technique (14). Tissues were processed for hematoxylin
and eosin staining, immunohistochemical analysis, and microscopic
localization of radioactive contents by autoradiography (15).
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RESULTS

The specific radiolabeled antibody had an immunoreactivity
of 73% and a /Ã•Dvalue of 10~9 liter/mol. The first dog, injected

bilaterally with unlabeled antibody alone to test the feasibility
of the bronchoscopic technique, tolerated the procedure well.
The remaining dogs were each injected intrabronchially with
radiolabeled antibody. Plasma levels of iodine-131 and iodine-
125 of the first dog receiving the radiolabeled antibodies are
shown in Fig. 3. In each instance, most of the activity was
protein associated as determined by trichloroacetate precipita
tion. Fig. 4 shows the distribution of iodine-131 and iodine-
125 concentrations in the regional lymph nodes and other
organs of the dog that received the bilateral 300-/iCi injections.
This activity is plotted as the fraction of dose per gram of tissue
normalized by the body weight of the animal. In these units, if
radioactivity were distributed evenly throughout the body with-

80 120 160

TIME AFTER INJECTION (minutes)

Fig. 3. Plasma levels of iodine-131 and iodine-125 after intrabronchial injec
tion of Ull-labeled specific antibody (ISCR3) and corresponding values for I25I-
labeled irrelevant monoclonal antibody (36.7.5) in a dog that received 600 //<'i of

total radioactivity. â€¢total counts; O, plasma protein-associated counts; arrows,
times of injection.
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Fig. 4. Analysis of radioactivity from pulmonary lymph nodes, liver, and
spleen after injection via bronchoscope of specific iodine-131 (+) and nonspecific
iodine-125 (â€”)expressed as fraction of dose per gram of organ normalized by the
body weight. For each individual organ a line connects the data points for (+)
and nonspecific (â€”)activity to allow evaluation of the selectivity. Regional lymph
nodes that received large amounts of antibody (and blue dye) showed favorable
selectivity ratios.

out excretion, all organs would have the value of unity (3). For
most purposes, these are more instructive and useful units than
"percentage of dose per gram." The iodine-131 values, as shown

under the (+) symbol, were more than 100 times greater for
some of the hilar and carinal nodes than those for nonpulmo-
nary organs, including nonregional lymph nodes. This finding
indicates considerable concentration of the antibody in draining
lymph nodes, presumably as a result of local lymphatic delivery.
As also shown in Fig. 4 several of the hilar and mediastinal
lymph nodes showed very low levels of radioactivity. These
nodes also showed no evidence of blue discoloration from the
Evans blue dye, strongly suggesting that they were not in the
regional lymphatic drainage from the injection sites. Taken on
a node-by-node basis, high radioactive counts correlated well
with blue color. The iodine-131/iodine-125 ratios for hilar and
carinal lymph nodes in the drainage region (as indicated by
high counts), ranged from 0.6 to 4 with a mean of 2.5.

In order to evaluate the adequacy of the control antibody we
analyzed the accumulation of the two antibodies in "non target"

or distant organs. Fig. 5 demonstrates the same type of analysis
as Fig. 4 again from the two dogs receiving the bilateral 300-
fiCi injections but the data are plotted on a greatly expanded
scale. For the tissues shown in Fig. 5, which are outside of the
regional drainage of the intrabronchial injection, the ratios of
iodine-131/iodine-125 delivery were reversed, favoring prefer
ential retention of the nonspecific labeled antibody. In general
the control antibody was retained preferentially, further sup
porting the notion of selective targeting of the specific mono
clonal antibody to pulmonary lymphatic tissue.

The quality of the imaging in the dogs was suboptimal. Fig.
6 shows a representative y camera image obtained 4 h after
injection. In this lateral view, the two injection sites are super
imposed. The salivary glands, thyroid gland, and stomach are
well visualized since no attempt was made to block uptake of
free iodine. The focus of activity (Fig. 6, arrow) is at the location
corresponding to radioactivity in the central hilar and carinal
lymph nodes. Based on analysis of radioactivity in the autopsy
tissue shown in Fig. 4, the activity in nodal tissue was sufficient
to account for the positive image seen. However it was not
feasible to confirm this conclusion by imaging after removal of
nodes at the time of autopsy. For the two dogs which received
600 ÃŸCiof labeled antibody, activity was cleared from the
injection sites with a half-time of 9 h in one dog and 17 h in
the second.

We performed detailed postmortem analyses to evaluate the
toxicity of this approach. All of the dogs resumed normal
activity after waking from anesthesia and the initial dog has
been followed for over a year without evidence of any toxic
sequelae. Due to a technical problem with our delivery system,
one dog received only 60 nCi of total activity, or approximately
10% of the intended dose in 10% of the intended volume. This

e/

weigh

ractionan/gm

Fig. 5. Analysis of radioactivity in organs outside of the regional drainage of
the intrabronchial injections. Specific iodine-131 values are plotted under the (+)
symbols and nonspecific iodine-125 values under the (â€”)symbols. The values for
fraction of dose/g organ/g body weight are demonstrated on a greatly expanded
scale compared with that in Fig. 4.
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Fig. 6. 7 Camera image of iodine-131 obtained 14 h after initial intrabronchial
injections of the 131I-labeled ISCR3 monoclonal antibody conjugate. The image
was obtained over a 10 inin interval with the dog in a right lateral orientation
using a General Electric Maxicamera 535. Arrow, focus of radioactivity thought
to represent regional lymph nodes.

dog tolerated the injections without sequelae but was not in
cluded in the kinetic analysis.

Postmortem review revealed no gross evidence of local or
distant morbidity. Evans blue dye, which was coinjected with
the labeled antibodies, allowed identification of the bronchial
injections site. Grossly, the injection sites were unremarkable
other than being discolored by the dye. Tissue sections stained
with hematoxylin and eosin demonstrated normal architecture
except that the perivascular lymphatics adjacent to the injection
sites were markedly engorged. A representative tissue sample
taken from the lung just proximal to the injection site is shown
in Fig. 7. In the first panel, a hematoxylin and eosin preparation
of dog lung tissue shows small blood vessels and a bronchus
coursing through the field of view. In the next panel, an adjacent
section from the same tissue block, autoradiography demon
strates areas of radioactivity surrounding the blood vessels and
bronchus in a distribution corresponding to the perivascular
and peribronchial lymphatics. In the final two panels are higher
power photomicrographs showing Â¡mmunohistochemical local
ization of immunoglobulin in the same distribution as radio
activity in the autoradiograph, that, is, surrounding bronchus
and vessels. This finding suggests that antigenically recogniz
able, radiolabeled antibody molecules are carried by the en
gorged lymphatic channels to draining lymph nodes.

DISCUSSION

In this feasibility study based on eight injections in four
anesthetized dogs, we have demonstrated that monoclonal an
tibodies alone or after radiolabeling can be injected via a bron-
choscope through the bronchial mucosa without any evident
toxicity. From the analysis of serial imaging data and autopsy
material, the labeled injectate was found to be efficiently mo
bilized from the injection site via the lymphatics in a fashion
similar to that of previous experience with s.c. injections (1, 3,
4). Anatomical selectivity of targeting was confirmed from the
autopsy results, which showed high concentrations of antibody
in some of the regional pulmonary lymph nodes (over 100-fold
greater than concentrations in distant organs). Since each in
jection was made at the bifurcation of the lobar bronchi in the
right middle lobe or the left lobe, one would not have expected
all nodes in the hilar and carinal regions to label efficiently,
and they did not. Anatomical details of the flow pattern remain

to be elucidated, but high antibody concentration correlated
well with blue coloration of nodes by the coinjected lymph flow
marker, Evans blue.

The average ratio of specific to nonspecific antibody in the
draining nodes was 2.5:1, whereas the ratio was reversed in
distant organs, including mesenteric lymph nodes (Fig. 5). The
spleen, which contains I-Ek positive cells, showed equivocal
ratios. An isotype-matched control (an IgG2b) would have been
preferable for this study instead of the IgG2a used, but even
with isotype matching, one is not fully protected against differ
ences in the in vivo behavior of particular immunoglobulin
species or allotypes. The patterns of plasma clearance of the
radiolabeled antibodies (Fig. 3) were consistent with selective
targeting. The lower serum values for the specific antibody may
have been due to sequestration by antigen-bearing cells in the
lymphatics or other pulmonary tissue, delaying or diminishing
the arrival of the specific labeled antibody into the serum.
Alternatively, lower serum levels may reflect more rapid clear
ance of the specific labeled antibody from the blood stream by
antigen-bearing cells in the circulation or spleen.

Recent reports document the advantages of interstitial
administration for delivery of radiolabeled monoclonal antibod
ies to lymph nodes (1,3). Administration s.c. has been reported
to produce images of lymph nodes in patients with cutaneous
T-cell lymphoma (4) and breast cancer (5). We have described
here a method by which regional delivery via the lymphatics
can be extended to clinical situations in which s.c. administra
tion would not reach the appropriate node chains. The use of
radiolabeled monoclonal antibodies for delivery is a logical
refinement of previous attempts at the regional imaging using
nonspecific agents, such as radiocolloids (16). We developed
this technique with the ultimate goal of improved imaging of
cancerous nodes near the hilus and in the mediastinum of
patients with lung cancer, to obviate the current need for
surgical sampling. In the absence of an appropriate animal
model for lung cancer, we chose to work with a histocompati-
bility antigen in the dog. The antibody was a murine IgG2b
derived from immunization against an I-Ek framework deter
minant in the mouse, but it has been found to cross-react with
la-bearing cells in other species including dog. This model was
expected to be only partially predictive of the human system.
The antigen density, modulation status, target cell density, and
accessibility from the lymphatic vessels all may differ in a
tumor/antibody system. Other factors militating against high
resolution imaging of the lymph nodes in this feasibility study
were the poor imaging characteristics of iodine-131 and the
unfavorable anatomy of the dog thorax.

The dog and human thoracic anatomy differ from each other
in at least two pertinent respects. First, the dog mediastinum is
more compact and has a relatively larger posterior/anterior
than lateral dimension, so the superimposition of mediastinal
structures in anterior/posterior projection is a greater problem
than it would be in humans. Second, the dog has a longer
trachea so that the upper mediastinal lymph nodes may have a
different drainage pattern than in humans. Many of these
problems may be ameliorated in human studies, but we cannot
currently predict the quality of imaging achievable clinically.
Only a small number of animals were studied in this test of
feasibility, which establishes the essential observation of efficent
flow to a subset of the hilar and carinal lymph nodes. Larger-
scale studies will be required for quantitation, statistical analy
sis, and optimization.

In summary, bronchoscopic injection of monoclonal antibody
is without evident toxicity, and leads to very efficient lymphatic
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Fig. 7. Composite of sequential tissue sections prepared from a frozen
tissue block obtained at autopsy from an area of lung adjacent to the site
of intrabronchial injection. A, H&E preparation of a 10-/im section of
lung including a small airway coursing through the top of the panel and
a vessel in the lower left portion (2 x). B, corresponding autoradiograph
with areas of increased radioactivity in peribronchial and perivascular
areas, where it presumably is within the lymphatics (2 x ). C, microscopic
detail of the same tissue demonstrating mouse immunoglobulin in the
perilymphatic space by immunohistochemical reaction (350 x). D, lower
power view of the field shown in C to permit orientation.

*-.

x^
Ã 

uptake, with more than 100-fold higher concentration in some
of the regional lymph nodes than in distant organs or nodes. In
these preliminary experiments, we obtained on average a 2- to
3-fold enhancement of specific to nonspecific uptake in regional
nodes. These ratios were reversed in distant organs. For lung
cancer, this approach offers the possibility of nonsurgical de
tection of regional mÃ©tastasesand, more speculatively, of ther
apy. In addition, the technique of endoscopie administration
for lymphatic delivery of radiolabeled antibodies may be further
generalized for application in a variety of other tumor types,
for example those of the colon and rectum.
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