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Antibacterial Mechanisms of the Lower Respiratory Tract

I. IMMUNOGLOBULINSYNTHESIS ANDSECRETION

W. LEE HANDand J. ROBERTCANTEY, with the technical assistance of
CARLG. HuGHms

From the Medical and Research Services, Veterans Administration Hospital
(Atlanta), Decatur, Georgia, 30033, and the Department of Medicine, Emory
University School of Medicine, Atlanta, Georgia, 30303

A B S T RA C T Immunoglobulin synthesis and secre-
tion have been studied in the rabbit lower respiratory
tract, both in the normal state and after infection with
Diplococcus pneumoniae or Listeria monocytogenes. In
vitro synthesis of immunoglobulin and specific antibody
was assessed by incorporation of "4C-labeled amino acids
into protein. Lower respiratory tract secretions and se-
rum were analyzed for immunoglobulin and antibody
against the infecting organism.

Normal respiratory tract produced small quantities of
immunoglobulin, most of which was IgG. After bac-
terial infection of the lower respiratory tract, there was
a marked increase in local synthesis of immunoglobulin,
especially IgG. Specific antibody of IgG class was pro-
duced in all lungs infected with listeria by the 11th day,
and in lungs infected with pneumococcus by the 8th day.

Secretions from all normal and infected lower respira-
tory tracts contained IgA and IgG. The IgA to IgG
ratios in secretions of normal animals, and animals in-
fected with listeria or pneumococcus, were 2.3, 2.5, and
2.6, respectively. Sera of animals infected with L. mono-
cytogenes contained specific antibody of IgG class but
lacked IgA antibody, whereas secretions had both IgA
and IgG class antibody against listeria. Similarly, sera
of animals infected with D. pneumoniae had IgG class
antibody but no IgA antibody, whereas only IgA anti-
body was found in secretions. The evidence that locally
synthesized immunoglobulin (especially IgA), including
specific antibody, is secreted into the lower respiratory
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tract lumen is discussed. Further definition of the role
of "local" antibacterial antibody in the respiratory tract
is of considerable importance.

INTRODUCTION

Intrinsic lower respiratory tract (LRT)' antibacterial
mechanisms, such as alveolar macrophage and mucocili-
ary function, have been extensively investigated and
partially defined (e.g., 1, 2). However, relatively little
is known of specific LRT immune mechanisms, such as
immunoglobulin synthesis and secretion, that might con-
tribute to antibacterial activity. Secretory IgA is the
predominant immunoglobulin in several external secre-
tions and in plasma cells of respiratory and gastro-
intestinal mucosa (3, 4). Increases in local secretory
IgA virus-neutralizing activity have been associated
with recovery or protection against certain viral in-
fections (5-8), but data concerning the biological sig-
nificance of secretory IgA class antibacterial antibody
are conflicting (e.g., 9-13). Analyses of human tracheo-
bronchial washings and sputum have revealed the pres-
ence of both IgA and IgG, usually with a predominance
of the former immunoglobulin (14-16). However, there
are no studies of the local synthesis or secretion of anti-
body after bacterial infection of the respiratory tract.

The present study was designed to compare immuno-
globulin synthesis and secretion in the normal and in-
fected LRT, and to evaluate the production of specific
antibacterial antibody after infection.

METHODS
LRT infection. Infection with a typical pyogenic or-

ganism, Diplococcus pneumoniae type III, or a facultative

'Abbreviation used in this paper: LRT, lower respira-
tory tract.
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intracellular organism, Listeria monocytogenes, was pro-
duced in 5-6-lbs white, male New Zealand rabbits by ex-
pcsure in an aerosol apparatus (Tri-R Airborne Infection
Apparatus, Tri-R Instruments, Inc., Rockville Centre,
N. Y.). Bacterial aerosols were monitored by means of a
modified Andersen air sampler (Aerostatics Instrumentation
& Research, Logan Utah). Between 5 X 107 and 1 X 108
organisms (infectious particles < 2 ,um in diameter) were
delivered to the alveoli of each animal (17). In some
animals pneumococcal infection was produced by intra-
tracheal injection of 5 X 107_11 X 10 organisms. Illness after
infection was characterized by fever, weight loss, lethargy,
rapid and often labored respirations, sniffles, and con-
junctivitis.

Animals with overwhelming clinical illness required anti-
biotic therapy by the 4th or 5th day after infection. Other-
wise they were treated just before study to eradicate in-
fecting organisms that might still be present. Rabbits in-
fected with pneumococci were injected with 25 mg/kg/day
of penicillin (Upjohn Co., Kalamazoo, Mich.) and animals
infected with L. monocytogenes received 50 mg/kg/day of
ampicillin (Bristol Laboratories, Div., Bristol-Myers Co.,
Syracuse, N. Y.).

Normal and infected animals were anesthetized with
sodium thiopental, exsanguinated, and studied in an identical
manner. LRT washings were obtained by a modification of
the method of Myrvik, Leake, and Fariss (18). The thor-
acic cavity was opened, the upper trachea ligated, and the
tracheobronchial tree dissected free. The LRT was then
lavaged with sterile saline. In experiments when no wash-
ings were obtained or when one lung was excluded from
lavage, the tracheobronchial tree and lungs were removed
in an aseptic manner for in vitro protein synthesis studies.
The following normal tissues were also evaluated for pro-
duction of protein and immunoglobulin: nasopharyngeal
tissues were removed from two animals. In another ani-
mal, a segment of small intestine (ileum) was excised and
thoroughly washed with sterile saline. Mammary glands
from two rabbits were obtained on the fourth post-partum
day.

Lower respiratory tract secretions and serum. Cells were
removed from LRT washings by centrifugation. Super-
natants were then dialyzed against water, lyophilized, and
reconstituted in 2 ml of saline. Protein content of secre-
tions was estimated by the Lowry, Rosebrough, Farr, and
Randall method (19). Immunoglobulins were identified by
immunoelectrophoresis and by the double diffusion tech-
nique, both methods utilizing 2% purified agar (Schwarz/
Mann Div., Becton, Dickinson & Co., Orangeburg, N. Y.)
in barbital buffer on microscope slides.

Immunoglobulins in serum and secretions were quanti-
tated by single radial immunodiffusion and by electroim-
munodiffusion. Both methods were satisfactory for deter-
mination of IgG and IgM concentrations and for quantita-
tion of serum IgA, whereas we found only electroimmuno-
diffusion to be reliable in determination of IgA concentra-
tions in respiratory secretions. Single radial immunodiffu-
sion was carried out on 3q X 4-in glass plates covered with
agar (1a% final concentration) containing antiserumagainst
rabbit IgG, IgM, or colostral IgA (20). Electroimmuno-
diffusion was performed by a modification of the technique
of Merrill, Hartley, and Claman (21). Precoated 2 X 3-in
glass slides were covered with 1% purified agar containing
the appropriate antiserum. Standardized wells were cut in
the agar of each slide and filled with the solutions to be
evaluated. Electrophoresis was run at a constant current
of 10 mA/slide. Standards of appropriately diluted purified

immunoglobulin were included on each single radial im-
munodiffusion and electroimmunodiffusion slide. The nitro-
gen content of these immunoglobulin preparations was quan-
titated by the micro-Kjeldahl technique (22).

Antibacterial antibody in secretions and serum was de-
termined by an antigen-binding technique using radioactive
bacterial antigen. D. pneumoniae or L. inonocytogenes were
grown overnight in defined media (23, 24) containing either
500 gCi of ["4C]glucose/liter (Schwarz/Mann) or 1 mCi
of [3P] phosphoric acid/250 ml (Schwarz/Mann. The '4C-
or 3P-labeled listeria were washed and extracted overnight
with ether, and the antigen was precipitated from the
aqueous layer with ethanol after removal of cell bodies by
centrifugation. After washing with ethanol, the antigen
was dried and then reconstituted in an appropriate concen-
tration as needed (25). The "4C-labeled pneumococci were
killed with 1% phenol, and cell debris removed by centri-
fugation. Polysaccharide was precipitated from the super-
nate with acetone, extracted with hot phenol, shaken with
ether, dialyzed against water, and lyophilized (26, 27).

The ability of immunoglobulin in LRT secretions and
serum to bind radiolabeled bacterial antigen (listeria or
pneumococcus) was evaluated by the method of Newcomb
and Ishizaka (28). An excess of radiolabeled bacterial
antigen in borate buffered saline (pH 8) was added to
0.1 ml of serum diluted 1:10 (borate buffered saline) for
determination of serum IgG and IgM antigen binding ac-
tivity. Evaluation of serum IgA antigen-binding ability
and studies with LRT secretions utilized undiluted speci-
mens. Control mixtures contained normal serum or secre-
tions. Four tubes of each antigen and serum (or LRT
secretion) mixture were incubated for 4 h at 37°C, after
which an excess of appropriate anti-rabbit immunoglobulin
serum was added to three of the four tubes in each series.
(The fourth tube was a control for spontaneous precipi-
tation of antigen by the antibody in secretion or serum
alone.) After additional incubation at 37'C the tubes were
allowed to sit at 4'C overnight. The precipitates were re-
moved by centrifugation, and after washing three times
with borate buffered saline, radioactivity was measured in
a liquid scintillation counter (Packard Tri-Carb Model
2425, Packard Instrument Co., Inc., Downers Grove, Ill.).
The average counts of the control tubes (normal serum or
LRT secretions) were subtracted from the average values
of tubes containing test specimen to give the counts at-
tributed to specifically bound radiolabeled bacterial antigen.
By comparison with the radioactivity of a set of tubes con-
taining known quantities of the appropriate antigen, the
amount of bound antigen was calculated. The results are
expressed as the micrograms of antigen bound per 100
micrograms N of the immunoglobulin being evaluated.

Histological examination of tissues. Tissue obtained at
the time of study was fixed in formalin, embedded in paraf-
fin, sectioned, and stained with hematoxylin and eosin.

In vitro protein, immunoglobulin, and specific antibody
synthesis. This method has previously been described in
detail (29-31). Minced tissue (lung, tracheobronchial tree
[trachea and main stem bronchi], nasopharynx, mammary
gland, or ileum) was incubated in modified Eagle's medium
containing 4 ,Ci of a mixture of algal protein hydrolysate
[14C]amino acids/g tissue (Schwarz/Mann). The incubation
mixture was ultracentrifuged, and the supernate was then
dialyzed to remove unincorporated radioactivity, fractionated
on DEAE cellulose, concentrated by lyophilization, and
reconstituted in sterile, glass-distilled water.

Aliquots of each DEAE fraction were evaluated in the
following manner: (a) estimation of total protein syn-
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TABLE I
Specific Antibody Content of LRT Secretions and Serum

Antigen bound by antibody in
secretions or serum

Day IgG IGA
Experimental of in-

group fection Secretions Serum Secretions Serum

Ag antigen bound/1OOug N of IgA or IgG
L. monocytogenes

infection 12 None 65.8 6.9 None
14 104.2 348.6 76.4 None
15 7.1 49.0 None None
15 44.1 47.6 None None
16 94.3 84.0 None None
19 33.6 382.9 54.1 None
20 8.3 ND* None ND
21 None 98.6 4.4 None
28 None 38.5 5.3 None
69 None 85.7 None None

D. pneumoniae
infection 8 None None 3.8 None

12 None 8.2 None None
26 None 21.4 None None
28 None 219.7 5.8 None

* Not done.

thesis by precipitation with 10%o trichloroacetic acid; (b)
quantitation of synthesized immunoglobulin by immune
precipitation in antibody excess, with goat anti-rabbit spe-
cific immunoglobulin sera (coprecipitation with ovalbumin-
antiovalbumin served as a control for nonspecific radio-
activity) ; and (c) identification of synthesized specific
antibody against L. monocytogenes and D. pneumoniae by
addition of antigen (109 heat-killed organisms) to DEAE
fractions containing only or. predominantly a single im-
munoglobulin, IgG, IgA, or IgM. Pseudomonas aeruginosa
antigen served as a control for nonspecific adsorption of
radioactivity. After liquid scintillation counting, values were
expressed as counts per minute per gram of incubated tissue.

Preparation of antisera. Rabbit IgG was purified from
rabbit gamma globulin (Miles Laboratories Inc., Miles Re-
search Division, Kankakee, Ill.) by elution from DEAE
cellulose, with 0.01 M phosphate buffer, pH 7. Rabbit
colostrum was collected during the first 72 h after delivery,
and colostral IgA was purified by the gel filtration and
ion exchange chromatography method of Cebra and Robbins
(32). Rabbit IgM was prepared from normal rabbit serum
by a modification of the technique of VanDalen, Seijen,
and Gruber (33).

Antisera to IgG, colostral IgA, and IgM were prepared
in goats by repeated inj ections of the appropriate antigen
incorporated into Freund's complete adj uvant. Antisera
were absorbed by passage through columns containing the
appropriate Sepharose-immunoadsorbent. The immunoad-
sorbents were prepared by coupling cyanogen bromide acti-
vated Sepharose 4B (Pharmacia Fine Chemicals, Inc., Pis-
cataway, N. J.) with antigen (IgG, IgA, IgM, or Cohn
fraction IV) (34, 35).

Procedural controls. The presence of pneumococcal
polysaccharide in recently infected tissue or in LRT secre-

tions from infected animals would interfere with determi-
nation of antibody against the type-specific polysaccharide.
Consequently, secretions and tissue incubation fractions from
animals infected with D. pneunzoniae type III were as-
sayed for the type-specific polysaccharide. Counterimmuno-
electrophoresis, with antiserum against D. pneumoniae
type III (Center for Disease Control, Atlanta, Ga.) and
type III polysaccharide, was performed by a modification
of the method of Coonrod and Rytel (36). Precoated 2 X
3-in glass slides were covered with 1% agarose (Schwarz/
Mann). Double rows of wells, 3 mm in diameter, were
cut so that the edges of the wells in the two rows were
2 mmapart. 20 ALl of appropriate reagent was added to
the wells. Electrophoresis for 1 h was carried out at a
constant current of 10 mA/slide. A concentration of 0.01
,ug/ml of type III pneumococcal polysaccharide could be
detected in this manner. None of the LRT secretions or
tissue (lung or tracheobronchial tree) incubation fractions
contained detectable polysaccharide.

Similarly, the presence of C-reactive protein in LRT
secretions, tissue incubation fractions, or immunologic re-
agents theoretically might lead to false positive results in
the assays for antibody against pneumococcal polysaccha-
ride. Thus secretions and tissue incubation fractions from
infected animals, as well as the anti-immunoglobulin sera
and purified immunoglobulin preparations used in the im-
mune precipitations, were assayed for C-reactive protein
by means of the Hyland CR Test (Hyland Div., Travenol
Laboratories, Inc., Costa Mesa, Calif.). None of these
preparations contained C-reactive protein.

RESULTS
Lower respiratory tract secretions and serun. Secre-

tions washed from the LRT of all normal and infected
animals contained both IgG and IgA by immunoelectro-
phoresis and double diffusion in agar, with specific anti-
sera. IgM was only occasionally detected by these tech-
niques and thus will not be presented in the quantitative
results. The lower level of sensitivity of IgM detec-
tion by electroimmunodiffusion was < 0.03 mg/ml.
(The least concentrated IgM standard included on the
slides was 0.03 mg/ml.)

The mean quantities of immunoglobulin washed from
the LRT of eight normal animals were 3.4 mg (SEM+
0.68) of IgA and 1.5 mg (±0.28) of IgG. In secretions
of seven animals infected with pneumococci, the mean
quantity of IgA was 2.7 mg (±0.29) and of IgG was
1.0 mg (±0.27). The secretions of animals infected with
listeria contained 4.2 mg (±0.42) of IgA and 1.7 mg
(±0.16) of IgG. The ratios of IgA to IgG in secretions
of normal, listeria-infected, and pneumococcal-infected
animals were 2.3, 2.5, and 2.6, respectively. Immuno-
globulin accounted for a mean of 57%, 69%, and 74%
of total protein in the secretions of these same groups
of animals.

Table I exhibits data from all infected animals whose
secretions contained antibody against the infecting or-
ganism. For comparison, the antigen-binding capacities
of sera from these animals and from a few comparable
infected animals without antibody in secretions were
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determined. Six listeria-infected animals were found
to contain IgG antibody against L. monocytogenes (mean
of 48.6 sAg antigen bound/100 tig N of IgG) in secretions.
IgA class specific antibody (mean of 29.4 ;kg antigen
bound/100 Ag N of IgA) was detected in secretions
from five animals infected with listeria. All of the ani-
mals infected with L. monocytogenes had circulating
specific antibody of IgG class but lacked IgA-specific
antibody.

Small quantities of IgA class-specific antibody were
found in respiratory tract secretions of two animals in-
fected with type III pneumococcus. No IgG class anti-
body against the pneumococcus was detected in secre-
tions. However, serums from three of the four animals
tested for antigen-binding activity contained IgG class-
specific antibody, and all four serums had IgM specific
antibody (not included in Table I). In contrast, none of
the serums contained IgA class antibody against D.
pneumoniae.

Histological examination of tissues. The usual his-
tologic picture in infected animals was one of peribron-
chial mononuclear infiltration and bronchopneumonia.
During the 1st wk of infection, a large number of
polymorphonuclear leukocytes were observed in the in-
flammatory infiltrates. In keeping with other studies of
pneumococcal infection produced by exposure of normal
animals to bacterial aerosols, no true lobar consolida-
tion occurred during these infections (e.g., 37). Micro-
abscesses and granuloma formation were commonly ob-
served in the lungs of animals with listeria infection.

In vitro protein, immunoglobulin, and specific antibody
synthesis. Protein and Ig synthesis by normal lung tis-
sues is recorded in Table II. Normal lung synthesized
small quantities of immunoglobulin, most of which was
IgG (57% of total Ig synthesis), with lesser amounts
of IgM (26% of total Ig synthesis) and IgA (17% of
total Ig synthesis).

Incubation of normal tracheobronchial tree from two
animals yielded similar results (Table III). The pre-
dominant immunoglobulin synthesized in these tissues
was JgG (mean of 66% of total Ig synthesis), followed
by smaller amounts of IgM and IgA.

For comparison with LRT tissues, synthesis of im-
munoglobulin in upper respiratory (nasopharyngeal)
tissue of two animals was also examined. Again IgG
synthesis was predominant (48% of total Ig synthe-
sis), but IgA synthesis (29% of total Ig synthesis) was
proportionately increased over that found in the LRT.

As a methodological control, in vitro synthesis of
immunoglobulin in mammary glands and intestinal tis-
sue was evaluated, since these tissues have been demon-
strated to produce considerable IgA in other studies
(38-40). IgA production accounted for a mean of 51%
of Ig synthesis in two mammary glands, followed by
IgM (28% of Ig synthesis) and IgG (21% of Ig syn-
thesis). Approximately equal amounts of each immuno-
globulin were synthesized by a segment of normal small
intestine (ileum) from another animal.

In lungs of animals aerosolized with L. rnonocytogc-
nes, a marked increase in synthesis of total protein and

TABLE I I
Protein and Immunoglobulin Synthesis by Normal and Infected Lung

Immunoglobulin

Total %of
immunoglobulin synthesis

Total Immuno-
Day protein globulin IgG IgA IGM IgG IgA IgM

cpm/g incubated tissue %

Normal (6) 8,905 5,070 2,865 885 1,320 57 17 26
±1 SEM ±575 ±840 ±285 ±285 ±345

Listeria infection 7 12,530 8,205 3,710 2,200 2,295 45 27 28
8 9,165 5,750 3,550 1,060 1,140 62 18 20

11 20,710 17,175 10,150 2,930 4,095 59 17 24
15 21,180 10,480 6,700 1,480 2,300 64 14 22
20 13,160 7,690 6,025 550 1,115 78 7 15
20 15,280 9,550 7,140 935 1,475 75 10 15
21 22,290 14,325 11,255 1,075 1,995 79 8 14
28 25,245 17,325 14,245 1,190 1,890 82 7 11
69 14,335 13.075 7,535 2,370 3,170 58 18 24

Mean of days 11-69 18,885* 12,805* 9,005* 1,505 2,290 70 12 18
(7) ±SEM ±1,740 ±1,415 41,130 ±320 ±390

* Significantly greater than normal (P <0.01).
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TABLE III
Protein and Immunoglobulin Synthesis by Normal and Infected Tracheobronchial Tree

Immunoglobulin

Total %of
immunoglobulin synthesis

Total Immuno-
Day protein globulin IgG IgA IgM IgG IgA IgM

cpm/g incubated tissue %

Normal 14,905 1,850 1,490 120 240 81 6 13
12,470 2,010 1,040 310 660 52 15 33

Pneumococcal
infection 4 9,155 2,640 2,095 185 360 79 7 14

8 13,325 1,680 1,020 660 0 61 39 0
8 13,010 7,330 5,610 815 905 77 11 12

14 21,980 4,395 2,265 755 1,375 52 17 31
19 19,075 8,615 6,850 890 875 80 10 10

immunoglobulin, especially IgG, was apparent by 11 days
after infection (Table II). During the period 11 through
69 days after aerosol exposure, synthesis of protein and
total immunoglobulin was twice as great, and production
of IgG was three times normal. Although increased
amounts of IgA and IgM were synthesized in infected
lungs as compared to normal lungs, the increases were
not statistically significant.

Similar results were obtained in animals infected with
D. pneumoniae. Lungs of these animals, sacrificed 15-22
days after bacterial infection, produced three times as

much protein and total immunoglobulin, and more than
four times as much IgG as the normal (Table IV).
Again, the increase in IgA and IgM synthesis was not
statistically significant.

Incubation of tracheobronchial tissue from three ani-
mals studied 8-19 days after pneumococcal infection dem-
onstrated an increase in production of immunoglobulin,
especially IgG (Table III).

Normal lungs synthesized no antibody against pneu-
mococci or against listeria. However, IgG class antibody
against the infecting organism was produced in all lungs

TABLE IV
Protein and Immunoglobulin Synthesis by Normal and Infected Lung

Immunoglobulin

Total %of
immunoglobulin synthesis

Total Immuno-
Day protein globulin IgG IgA IgM IgG IgA IgM

cpm/g incubated tissue %

Normal (6) 4SEM 8,905 5,070 2,865 885 1,320 57 17 26
±575 4840 ±-285 ±285 4345

Pneumococcal
infection 4 13,245 4,445 3,495 390 560 79 9 13

8 9,840 7,635 3,710 1,740 2,185 49 23 29.
15 23,650 16,575 12,945 3,170 460 78 19 3
19 53,510 29,815 20,170 2,515 7,130 68 8 24
19 21,300 8,200 7,090 90 1,020 86 1 12
19 37,235 33,015 24,370 2,500 6,145 74 8 19
20 13,625 7,355 5,915 855 585 80 12 8
22 22,765 10,465 5,505 1,635 3,325 53 16 32

Mean of days 15-22 28,680* 17,570* 12,6651 1,795 3,110 72 10 18
(6) ±SEM ±5,865 ±4,590 ±3,275 ±475 ±t1,200

* Significantly greater than normal (P <0.01).
: Significantly greater than normal (P <0.02).
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infected with L. monocytogenes by the 11th day and in
all lungs infected with D. pneumoniae by the 8th day
(Table V). No synthesis of IgA class antibody against
the infecting organism was detected by the methods
used. Antibody against listeria accounted for a mean of
8% of IgG synthesized in lungs 11-69 days after infec-
tion with that organism. Similarly, antibody against the
appropriate pneumococcal strain constituted 6% of IgG
produced in lungs 8-22 days after pneumococcal infection.

Two tracheobronchial tissues (8 and 14 days after
pneumococcal infection) also produced IgG class anti-
body against the infecting organism. This antibody
represented 3% and 20% of IgG synthesis in these two
tracheobronchial tree incubations.

DISCUSSION

The organisms utilized for production of respiratory in-
fection in this study were chosen because of their con-
trasting properties. The pneumococcus is an extracellu-
lar, pyogenic organism, whereas Listeria monocytogenes
is a facultative intracellular bacterium. Humoral anti-
body against specific capsular polysaccharide and phago-
cytosis by polymorphonuclear leukocytes have been
identified as important host defenses against D. pneu-
moniae (e.g. 41). On the other hand, cell-mediated im-
munity is the major protection against listeria (42).
The latter organism, unlike the pneumococcus, is not a
frequent cause of human pulmonary infection. However,
listeria infection has proved to be a useful prototype for
the study of the systemic immune response to facultative
intracellular organisms. Thus information obtained from
observations on the host response to LRT infection with
these two organisms might be applicable to infections
with similar bacteria.

The discovery that IgA is the major immunoglobulin
in rabbit LRT secretions is not unexpected, since secre-
tory IgA is the predominant immunoglobulin in several
external secretions of many mammalian species. Fur-
thermore, previous studies have revealed that IgA-
containing cells are equal to or exceed other Ig-con-
taining cells in human bronchial mucosa (43, 44). In
view of these findings, it was somewhat surprising to
find that IgG was the predominant immunoglobulin syn-
thesized in the normal LRT. However, a single previ-
ous investigation of human respiratory tract in vitro
immunoglobulin synthesis, utilizing a semiquantitative
autoradiographic technique, also concluded that IgA is
not invariably the major immunoglobulin produced in
these tissues. Synthesis of IgG and IgA was estimated
to be approximately equal in bronchial wall and lung
tissues (45).

Why is local synthesis of IgA less than might be
expected from previous observations on the number of
IgA-containing cells in respiratory tract mucosa and

TABLE V

Specific Antibody Synthesis by Normal and Infected Lung

Specific antibody

Percent
Day IgG Total of IgG

cpm/g incubated tissue %

Normal (6) ±SEM 2,865 None None
4±285

Listeria infection 7 3,710 0
8 3,550 0

11 10,150 1,421
15 6,700 402
20 6,025 241
20 7,140 428
21 11,255 1,463
28 14,245 855
69 7,535 377

Mean of days 11-69 9,005 740 8
(7) i±1 SEM i 1,130 ± 195

Pneumococcal
infection 4 3,495 0

8 3,710 111
15 12,945 2,071
19 20,170 403
19 7,090 142
19 24,370 975
20 5,915 177
22 5,505 440

Mean of days 15-22 12,665 700 6
(6) +1 SEM ±3,275 ±300

from our data on the quantity of IgA in LRT secretions?
There is no definitive answer to this question, but sev-
eral possibilities should be considered. First, there may
be a species difference between the rabbit and certain
other animals, including man, to account for our ob-
servations. Available information suggesting that the
rabbit and human secretory immunoglobulin systems
are similar would argue against this possibility (46).
However, it must be noted that IgG represents a greater
percentage (and IgA a lesser percentage) of total Ig-con-
taining cells in rabbit spleen and lymph node and of total
rabbit serum Ig than in man (47). Second, the rate of
synthesis and catabolism of secretory IgA by mucosal
lymphoid tissue is unknown. If, for example, the IgA
synthesis rate were considerably slower than that of
IgG, the resulting data might be similar to what we
observed. Third, it is probable that considerable quan-
tities of IgG and IgM are produced by respiratory tract
lymphoid tissue other than that located in the mucosa,
while production of secretory IgA is largely limited to
the latter position (48). Nonmucosal lymphoid nodules
are seen along the bronchial network and are especially
prominent after infection. Fourth, it is known that most
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of the secretory (dimer) IgA is produced in plasma
cells located near mucous membrane or glandular epi-
thelial cells that produce "secretory piece" (44). Mu-
cous-type epithelial cells, which contain especially large
amounts of secretory piece, decrease in the distal bron-
chial tree and disappear at the bronchiolar level (49).
This decrease in secretory piece-producing cells could
account for diminished secretory IgA synthesis in the
lung. Since each of these four possibilities is plausible,
the question can only be answered by additional in-
vestigation.

Similarly, the response of the LRT after bacterial
infection included a marked increase in production of
IgG, some of which was antibody against the infecting
organism. We are not aware of other local synthesis
studies on bacterial respiratory infections, although
Askonas and Humphrey studied the production of
antibody in isolated lungs from rabbits hyperimmunized
by intravenous administration of killed type III pneu-
mococci. They observed the production of both specific
antibody and other immunoglobulin, especially the latter.
Unfortunately, their study, published in 1958, did not
identify the class(es) of synthesized immunoglobulin
(50). Our present observations are in keeping with a
recent report that the local response of the hamster LRT
to infection with Mycoplasma pneumoniae includes an
increase in lymphoid cells containing IgM (early) and
IgG class immunoglobulin (51).

Support for the belief that secretory IgA is preferen-
tially secreted onto mucous membranes is found in our
data. Although more IgG than IgA was synthesized in
the LRT and serum IgG levels were 50 times those of
IgA, the concentration of IgA was greater than that of
IgG in lower respiratory secretions. The small quan-
tity of IgA in rabbit serum (200 Ag/ml) is unlikely to
be the source of IgA in secretions, especially since the
latter is presumably secretory IgA. In support of this
concept, during immunoelectrophoresis a difference was
noted in electrophoretic migration between the IgA in
serum and that in respiratory secretions. This has been
previously noted in comparison of rabbit serum IgA with
rabbit secretory IgA from colostrum, intestinal secre-
tions, and in vitro incubates of pyelonephritic kidneys
(32, 40, 52). Furthermore, IgA class antibody against
the infecting organism was found in secretions but not
in the serum of infected animals. The IgA class anti-
body in secretions probably reflects the efficient secre-
tion of, and thus concentration of, small amounts of anti-
body synthesized in the LRT. Unfortunately, we were
unable to detect synthesis of such IgA class antibody
in the LRT, presumably because these small amounts of
IgA antibody could not be clearly separated from other
immunoglobulin in the DEAE protein fractions con-
taining IgA.

The origin(s) of the IgG antibody in respiratory
secretion of animals infected with listeria can not be
completely defined with the present data. Obviously,
IgG class antibody was present in the serum of infected
animals and could have been transported to secretions.
However, there are indications that at least some of the
IgG antibody in secretions was locally produced in the
LRT. In these infected animals there was considerable
variation in the ratios of antigen binding by IgG in se-
rum as compared to secretions (Table I), in spite of the
fact that the ratios of total IgG in serum to IgG in
secretions were similar. For example, IgG in secretions
of animals studied on days 15 and 16 bound antigen as
well as or better than serum IgG. On the other hand,
no IgG antibody was found in secretions of animals
studied on days 12, 21, 28, and 69, in spite of serum
IgG antibody activity. This lack of correlation between
IgG antibody in serum and that in secretions suggests
that in certain animals (especially days 15 and 16) lo-
cally synthesized IgG antibody contributed to the anti-
body in secretions. Inflammation of the infected LRT,
with associated transudation of immunoglobulin into se-
cretions, should also be considered as a possible deter-
minant of IgG antibody in secretions. This process
could transport both locally synthesized and serum anti-
body into secretions. Conversely, the absence of IgG
antibody in secretions despite the presence of both lo-
cally produced and circulating antibody may be related to
a waning of the inflammatory response (days 21, 28,
and 69, Tables I and V).

The fact that only small amounts of IgA-specific anti-
body, or no antibody at all, is found in secretions of
animals with D. pneumoniae infection, in spite of sub-
stantial quantities of IgG and IgM class circulating anti-
body, is of great interest. The possibility that "local"
antibody in the LRT might be bound by pneumococcal
polysaccharide persisting after the infection has been
considered. Such persistence of polysaccharide after
pneumococcal infection or injection of purified polysac-
charide is well documented (e.g., 53). We have been
unable to demonstrate the presence of pneumococcal
polysaccharide in LRT secretions or in the lung incu-
bation supernate after fractionation on DEAEcellulose.
This does not, of course, entirely exclude the possibility
that antibody in the LRT, either in the lungs or secre-
tions, was bound by polysaccharide.

The biological significance of this immunoglobulin and
specific antibody produced in response to bacterial in-
fection of the LRT requires additional investigation. It
is of obvious importance to determine if such antibody
has opsonic or bactericidal activity or both, and whether
it is related to recovery from infection or protection
against reinfection with the same organism.
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