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PRIMARY PULMONARY IMMUNITY TO A SOLUBLE ANTIGEN IN THE DOG

Abstract -_ n order to study primary lung immunity

to soluble antigen, Beagle dogs underwent rns- PRINCIPAL rNVFSTIGATORS

bronchoscopic instillation of 10 mg keyhole limpet D. M. Weissman

hemocyanin (KLH) into the right cardiac lobe and D. E. Bice

saline into the left cardiac lobe. Over the next 3 B. A. Muggenburg

wk, specific immune responses were monitored in M. R. Schuyler

blood and bronchoalveolar lavage (BAL) fluids ob-

tainpd fom immunized and control lung lobes. Primary lung imunization of dogs with KLH resulted

in easily measurable specific IgG, IgM, and IgA responses in blood and bronchoalveolar lavage

fluids. Iportant class differences were noted to exist for these responses. Levels of specific

IgG and IgA in BAL remained elevated at 21 days after immunization, while BAL-specific IgH levels

fell to control values by 12 days after iunization. In unimmunized lung lobes, specific

antibody levels in RAL and production of specific antibody by bronchoalveolar lavage cells was far

greater for IgG than for IgH or IgA. Finally, despite easily detectable specific IgA in serum and

BAL fluid, production of specific IgA by peripheral blood mononuclear cells or bronchoalveolar

Zavage cells after primary lung imunization with KrH could not be demonstrated, suggesting that

specific IgA was produced by a compartment of cells poorly sdmpled in blood and BAL.

It has been well demonstrated that systemic immune function may be abnormal, even in the face

of normal cell counts, total immunoglobulin levels, and other "static" measures of

immunocompetence. Such cases of immunodeficiency are best documented by functional immunological

tests, such as by immunizing an individual with antigen and measuring the antigen-specific

antibody response.1 The development of fiberoptic bronchoscopy and bronchoalveolar lavage has

made it possible to perform similar functional immunological testing at the lung level in various

large animal species.2 In general, such testing has involved the transbronchoscopic instillation

of particulate sheep red blood cells (SRBC) into specific lung lobes and subsequent measurement of

specific immune responses in blood and bronchoalveolar lavage. Unfortunately, SRBC are large,

complex antigens, poorly suited for studying human pulmonary immune function.

We report the use of a soluble, high molecular weight protein neoantigen, keyhole limpet

hemocyanin, for stimulating local immunity in the canine lung. In view of KLH's sitability as a

probe for studying human immunity,3 these data provide important support for the use of KLH in

studying human lung immune function. In addition to documenting the immunogenicity of KLH in the

respiratory tract, these data also demonstrate important immunoglobulin class-specific differences

in the expression of lung immunity to a soluble antigen.

METHODS

Keyhole Limpet Hemocyanin

KLH was prepared from keyhole limpets by differential centrifugation, according to the

procedure of Vandenbark.3

Animal Procedures

Five female Beagle dogs from the Institute's colony underwent primary lung immunization by

transbronchoscopic instillation of KLH, in a manner similar to that previously described.2
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Briefly, the animals were anesthetized with halothane, intubated, and a fiberoptic bronchoscope

was directed into the desired bronchial orifice. A polyethylene catheter was passed through the

suction channel of the bronchoscope into the airway and advanced distally. Ten mg of KLH in mL

of sterile normal saline was injected through the catheter into the right cardiac lobe; I mL of

sterile normal saline was injected into the left cardiac lobe. Day serum was obtained by

venipuncture to serve as a baseline for later comparisons. Animals were subsequently monitored by

obtaining venipuncture and BAL samples on days 3 5 7 10 2 4 17, 19, and 2 after lung

immunization.

Fluids and Cell Populations

Serum was prepared from clotted blood and frozen. Peripheral blood mononuclear cells were

obtained by centrifugation over Ficoll-Hypaque. Bronchoalveolar lavage fluid was centrifuged, and

BAL supernatants were frozen. Bronchoalveolar lavage cells pelleted by centrifugation were washed

twice in RPMI-1640 culture medium, and then suspended in culture medium as described below. Cells

were counted using a Coulter counter. Cell differentials were determined on cytocentrifuge

preparations stained with Diff-Quik.

Measurement of In Vitro Anti-KLH Antibody Production by Cell Populations

In vitro immunoglobulin production was assessed by culturing cells from blood or BAL at a

concentration of 2 x 106 cells per mL in sterile 12 x 75 mm polypropylene test tubes 16 h

duration, 37'C, 5% C02, RPMI-1640 medium supplemented with 10% FCS 2 mm HEPES buffer, and 

pg/mL gentamycin). Parallel cultures were performed in the presence of, and without, 50 )Jg/mL

cycloheximide. Anti-KLH antibody content in culture media supernatants diluted 14 was determined

using the ELISA system described below. Anti-KLH antibody production was calculated as the

difference between specific antibody content in untreated and cycloheximide-treated culture media

supernatants. Studies were performed simultaneously on stored culture media supernatants from all

time points, with data expressed relative to a single anti-KLH antibody standard (as described

below).

Detection of Specific Anti-KLH Antibody

Anti-KLH antibody was measured by enzyme-linked immunosorbent assay (LISA). Briefly, 96-

well, flat-bottomed, polyvinyl microliter plates were coated with KLH. Appropriate dilutions of

sample (serum, BAL supernatant, or culture media supernatant), goat anti-dog gM, goat anti-dog

IgG, or rabbit anti-dog IgA; anti-goat or anti-rabbit alkaline phosphatase-conjugated, second

antibody; and enzyme substrate solution (p-nitrophenyl phosphate) were incubated sequentially in

wells, with washes of PBS/0.05% Tween between incubations. Color development was monitored using

an automated micro-ELISA analyzer. Groups of studies were performed relative to anti-KLH antibody

standards, with plates being read when standard wells developed to an OD-410 of 1.0.

Statistics

Data obtained from immunized and control lung lobes at various time points after lung

immunization were compared by a one-tailed, paired Student's t test. Differences were considered

to be significant at a level of p <. 0.05.

RESULTS

52�tcific Antibody Levels in Serum After Lung Immunization

Specific IgM, IgG, and IgA responses were all easily detectable in serum following primary

lung immunization with KLH (Fig. 1). For each immunoglobulin class, levels of specific antibody

were first noted to rise above baseline levels at day after immunization, and to reach peak

levels by day 7 Levels of specific antibody remained elevated at 21 days after lung immunization

for all immunoglobulin classes.
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5pecific Antibody Production bv Peripheral Blood Mononuclear Cells After Lung Immunization

Peripheral blood mononuclear cells derived from the venous blood of dogs after primary lung

immunization produced easily detectable amounts of specific anti-KLH 1M and gG, but not of IgA

(Fig. 2 Production of specific IgM and gG by these cells peaked when they were obtained days

after immunization, and fell back to baseline levels by 12 days after immunization.

SpecifjL_&Etj.��Levels in Bronchoalveolar Lavage Fluids After Lung Immunization

Specific anti-KLH IqK, 19G, and IqA responses were al) detected in brunchoalveo)ar avage

fluids after primary lung immunization with KLH (Fig. 3). Specific IgM responses differed

markedly between immunized and control lung lobes (Fig. 3A). Peak specific gM levels in BAL from

immunized lung lobes were seen at days and 7 after lung immunization, and were 12 times those

seen in control BAL, in which only minimal specific gM responses were noted. Specific IgM levels

in immunized BAL returned to control values by day 12.

BAL-specific IgG responses differed markedly from BAL IgM responses because of the

localization of specific IgG to BAL obtained from saline-instilled control lobes (Fig. 3B).

Although peak levels of specific 19G were noted later in control BAL than in immunized BAL 12

days and 7 days, respectively), these peak levels were not different. Levels of specific anti-KLH

19G remained elevated in BAL obtained from both immunized and control lung lobes at day 21 after

lung immunization.

BAL-specific gA responses differed from both those of 1gM and IgG (Fig. 3C). Peak immunized

BAL-specific IgA levels were achieved by 7 days after lung immunization, and were approximately 3

times the peak levels seen in control BAL. Levels of specific IgA in immunized BAL remained

significantly elevated relative to control BAL at 21 days after lung immunization. Thus, IgA
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Figure 2 In vitro anti-KLH antibody production by canine peripheral blood mononuclear cells
obtained at various intervals after lung immunization with KLH. Antibody production is expressed
as color development in an ELISA relative to IgM, IgG, and IgA standards (see text). Each data
point represents the mean 4 SEM of samples from dogs. "A" IgM production; `BII IgG
production.
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Figure 3. BAL-specific antibody response
LU following primary lung immunization by trans-
< 0.50 bronchoscopic instillation of 10 mg KLH into
.2 right cardiac (RC) and saline into left cardiac
LU ky (LC) lung lobes. Specific anti-KLH antibody
> concentrations in BAL expressed as color

0.25 development in an ELISA relative to anti-KLH
_j IgM, IgG, and IgA standards. Each data point
LLJ
cc represents the mean SEM of samples from 

dogs. = Specific antibody concentration in
00 5 10 15 20 RC BAL is greater than that in LC BAL, p <

0.05. "A" IgM response; "B" = IgG response;
DAYS AFTER IMMUNIZATION 'IC" 1gA response.

responses differed from IgG responses, because of the more marked differences in specific IgA

levels noted between immunized and control BAL. IgA responses differed from IgM responses because

of their longer duration after lung immunization.
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Specific Antibody Production by Bronchoalveolar Lavage Cells After Lung Immunization

Bronchoalveolar lavage cells produced easily detectable amounts of anti-KLH IgG and IgM, but

not of IgA, in vitro after lung immunization (Fig. 4 Production of anti-KLH IgM by

bronchoalveolar lavage cells derived from immunized lung lobes first appeared (and peaked) at 

days after lung immunization (Fig. 4A). By contrast, bronchoalveolar lavage cells obtained from

control lung lobes produced minimal amounts of specific IgM in vitro. Specific IgM production by

bronchoalveolar lavage cells derived from immunized lung lobes fell back to control values by 12

days after lung immunization.

Anti-KLH IgG production in vitro by bronchoalveolar lavage cells after lung immunization

differed from the pattern seen for specific IgM production (Fig. 4B). Bronchoalveolar lavage

cells derived from both iunized and control lung lobes produced easily detectable amounts of

specific IgG in vitro. Although a trend existed for increased production of IgG by

bronchoalveolar lavage cells derived from immunized lung lobes, this was generally not significant

(Fig. 4B). Levels of specific IgG production had nearly returned to background at 21 days after

lung immunization.
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Figure 4 In vitro anti-KLH antibody production by canine bronchoalveolar lavage cells obtained
at various time intervals after lung immunization with 10 mg KLH in right cardiac (RC and saline
in left cardiac (LQ lung lobes. Antibody production is expressed as color development in an
ELISA relative to anti-KLH gM, gG, and gA standards (see text). Each data point represents the
mean 4 SEM of samples from dogs. * = Specific antibody production by RC bronchoalveolar lavage
cells is greater than that of LC bronchoalveolar lavage cells, p < 0.05. "A" = IgM production;
"B" � IgG production.

DISCUSSION

This study demonstrates that soluble KLH is an effective immunogen when instilled into the

distal respiratory tract of the dog. As has been noted in the dog following primary lung
immunization with SRBC,2 specific antibody and antibody-forming cells may be demonstrated in blood

and bronchoalveolar lavage following primary lung iunization with KLH. These data also show

that KLH is capable of inducing local lung immunity after selective lobar immunization.
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The class-specific differences in immune response noted after primary lung immunization with

KLH probably relate to the differing physical characteristics and functional properties of IgM,

IgG, and IgA.4 The lack of penetration of specific IgM into BAL derived from control lung lobes

may be due to its great size and relative inability to penetrate the intact alveolar-capillary

barrier found in unimmunized lung. The rapid disappearance of specific IgM activity from the lung

after lung 'immunization suggests a short half-life for IgM at the lung level, as has been

demonstrated systemically.4 The ability of IgG to penetrate into BAL from unimmunized lung lobes

may relate to its small size relative to IgM. Finally, the lack of demonstrable specific IgA

production by peripheral blood mononuclear cells and bronchoalveolar lavage cells after lung

immunization suggests that serum and BAL specific IgA were generated in a compartment poorly

sampled by venipuncture or bronchoalveolar lavage. Bronchus-associated lymphoid tissue (BALT)

would be a possible site for such IgA production.5 Thus, humoral immune responses to primary lung

immunization demonstrate important class-specific differences that should be taken into

consideration when evaluating the expression of a pulmonary immune response.
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