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A B S T R A C T Whlile the alveolar macrophage has been
studied extensively, little attention has been directed
toward the immune functions of the bronchoalveolar
lymphocyte. These cells, obtained by bronchopulmonary
lavage of the normal canine lung, are derived from
the air side of the alveolar-capillary membrane of the
lower respiratory tract. The distribution of lympho-
cyte types within the bronchoalveolar cell population
was determined and compared with that of leukocytes
from blood and spleen.
IgG synthesis in vitro was used as a measure of

bone marrow-derived lymphocyte (B cell) function,
and the blastogenic response of cell cultures to phyto-
hemagglutinin was used as a measure of the presence
or absence of thymus-dependent lymphocytes (T cells).
De novo synthesis of IgG by bronchoalveolar cells was
demonstrated consistently by two independent radio-
immunoassays. Therefore, B cells are present in the air
spaces of normal canine lungs. T cells were generally
not detectable in aliquots of the same cell populations
but could be recruited into alveolar spaces after local
irritation.
The distribution of lymphocyte types within the

bronchoalveolar cell population is unique and distinctly
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different from that of blood and spleen. The spleen is
rich in both T cells and B cells, blood is rich in T
cells but poor in B cells, whereas the lung lacks T cells
and contains substantial numbers of immunoglobulin-
producing B cells. The findings indicate that broncho-
alveolar lymphocytes do not reflect simply the lymphoid
composition of peripheral blood.

INTRODUCTION
The normal immune response provides protection against
injury or infection caused bv materials inhaled into the
lower respiratory tract (1-3); conversely, hypersensi-
tive immune mechanisms may contribute to the patho-
genesis of pulmonary disease (4). Systematic investiga-
tion of the normal immunophysiology of the lower
respiratory tract is a necessary first step in the under-
standing of both pulmonary host-resistance and the
lung disease produced by immune mechanisms. Although
the functional properties of alveolar macrophages have
been studied extensively (1, 5), relatively little atten-
tion has been paid to the role of the bronchoalveolar
lymphocyte in local immune defenses (6-8).
Although composed predominantly of macrophages,

the cell populations obtained by bronchopulmonary lav-
age' of several mammalian species, including man, con-
tain morphologically identifiable lymphocytes (7, 9,
10). After antigenic stimulation of the respiratory
tract, cells appear in alveolar spaces, and these have
been reported to be capable of both specific antibody
synthesis (11), a bone marrow-derived lymphocyte (B

1 For convenience, these cell populations are termed "lung
cells" in this report.

The Journal of Clinical Investigation Volume 52 September 1973 *2211-2217 2211



PREPARATION CULTURE
,,--l 370C

+ or PHA

SEDIMENT
CELLS,

COLLECT
BUFFY COAT

0 24 48 72h

I I I &
I14C]TdR

106/ml

COUNT,
HOLOGY

HARVEST SUPERNATES
S VARIOUS TIMES *

2x1O6/ml

FIGURE 1 Diagramminatic rel)reselltatioll of the
studies.

cell) 2 funictionl, anid cell-milediaited imimiunity (6-8), a

thymus-dependent lymplhocyte (,T cell) funiction. The
concept of a local pulmonary imiimune system (12) is
supported by evidence that these inimune responses

occur in the lung after immiiiiunization by the respiratory,
but not by the systemic. route (7, 8). \Nhile these
data suggest that alveolar spaces contain immunocom-

petent cells after local antigenic stimiiulationi, it is not

clear whether iimmunocytes normally reside in the al-
veoli and peripheral airways, or whetlher they are

recruited only in the presenlce of appropriate antigens.
WVe have studied the inimune capabilities of lung

cells obtained from the nornmal dog. Since this cell pop-

ulation contains no erythrocvtes, we considered that it
exists on the air side of the alveolar-capillary imiembrane
and, as such, represents cells potentially available for

interaction on initial exposure to airborne anitigens.
The dog was studied because it allowed us to obtain

serially large samples of lunlg cells from living animals,
and it provides the potential for future correlation of

immunopathology witlh pulnmonary physiology.
Our studies wvere specifically (lesigned to anlswer the

following questions: ((a) Are immunocomipetent cells

normally present in the bronchoalveolar air spaces?
(b) If so, does the cell population conltztini funictional T

cells and functional B cells? (c) WVhat is the distribu-

tion of T cells and B cells in the lung-cell population
relative to that found in blood and in spleen?
For purposes of this study, w-e defined l-mphocytes

on the basis of functional rather than mlorphologic

2Abbreviations llsed in this paper: B cells, boine marrow-

derived lymphocytes; BGG, bovine immunoglobulin G;
HBSS, Hanks' balanced salt solution; HIHS, heat-inacti-

vated horse serum; PHA, phytohemagglutinin; T cells,
thymus-dependent lymphocytes.
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1 [3H]LEUCINE IgG
2. TOTAL IgG SECRETED

standlar(d experimental protocol used in these

criteria. \Ne assumed that iminunoglobulin synthetic
capacity in vitro is a measure of B-cell function and

the proliferative response to phytohemagglutinin (PHA)
is a measure of T-cell function. These assays were use(d

to (letect lymphocytes w-ithin the lung-cell population
anld( to comiipare relative l)roportions of B cells and T
cells amiionig nucleated cell populations derived from
lung, blood, and spleen.

METHODS

-limslatls. Normal a(dtilt monigrel dogs of eitlher sex

weighing 30-35 lb w-ere used. They were housed in thle

Animal Care Facility of this institution without special

precautionis. The animals w-ere sacrificed after single-lavage
experiments; those used for serial studies were housed in

the facility betw een experiments.
Expcrimict0al dcsiy(In. Tx-o types of experiments were

performed: (a) exleriments in which a single broncho-

pulmonary lavage was performed on an intact, healthy dog
it, order to explore the characteristics ofinormal lung cells,
and (b) experimeints in which serial lavages were per-

formed oni the same animal at weekly intervals in ordler to
assess the effect of repeated lavage or of instillationi of
irritants on the composition of the lung-cell populationl.

Collec-tioni of specimlens. The dogs were lightly anesthe-
tized wvith intravenious thiopental. Bronchopulmonary lavage
was performed in the living animal through a double-lumen
balloon catheter (13) placed in a bronchus of a lower lobe
under fluoroscopic control. Each lower lobe was lavaged
with a total of 250 ml of Hanks' balanced salt solution
(HBSS, Grand Island Biological Co., Berkeley, Calif.)
containinig 2 U of heparin/ml (Lipo-Hepin, Riker
Laboratories, Northridge, Calif.) and antibiotics (antibiotic-
antimyocotic mixture, Grand Island Biological Co.). The
yield was 15-20 X 10' nucleated cells per animal.

Blood leukocytes were obtained by venipuncture anid

splenic leukocytes by percutaneous aspiration. Specimens
were drawn into syringes containing heparin.

Processing of cells. The standard protocol employed in
these experiments is depicted diagrammatically in Fig. 1.
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The lung cells were collected by centrifugation at 250 g
for 10 min. Suspensions of blood and spleen cells were sedi-
mented in the presence of 3% dextran (mol wt 70,000,
McGaw Laboratories Inc., Glendale, Calif.) at room tem-
perature for 30-60 min. The leukocyte-rich supernate was
removed and the cells collected by centrifugation (250 g for
10 min). In order to remove preformed immunoglobulin, all
three cell populations were washed by centrifugation in six
changes of HBSS containing 2 U of heparin/ml, 10%o heat-
inactivated horse serum (HIHS, Grand Island Biological
Co.) and antibiotics. Giemsa-stained cytocentrifuge slide
preparations were used for morphologic study.
Response to phytohemlagglittinin. A portion of each cell

population was assayed for its blastogenic response to
PHA. Cultures were performed in at least triplicate, with
and without PHA, in 2-ml samples at a concentration of
106 nucleated cells/ml at 37°C in air enriched with 5%o
CO2. Culture medium was McCoy's 5a (Grand Island Bio-
logical Co.) containing 20%o HIHS and antibiotics. Phyto-
hemagglutinin (PHA-P, Difco Laboratories, Detroit, Mich.)
wvas added to appropriate tubes at several concentrations
(34, 6.8, and 3.4 ,ug/ml), and the results from the maxi-
mally stimulated cultures are reported here. Generally, the
optimal concentration of PHA was 6.8 Ag/ml. After 48 h
of incubation, 0.05 yCi of [14C]thymidine/ml was added to
each culture. 24 h later the cells were collected by centri-
fugation, washed twice in 59 trichloroacetic acid and twice
in absolute methanol. The precipitates were dissolved in
5 ml of Aquasol (New England Nuclear, Boston, Mass.),
followed by 5 ml of Liquifluor (New England Nuclear),
and the radioactivity was determined in a Packard Tri-Carb
liquid scintillation counter (model 3375, Packard Instru-
ment Co., Inc., Downer Grove, Ill.). Results were expressed
both as net counts per minute (the arithmetic difference
between stimulated and control cultures) and as the ratio of
stimulated to control counts per minute (stimulation index).

Syntthesis of IgG. A specimen of washed cells from
lung, blood, or spleen was adjusted to a concentration of
2 X 106 nucleated cells/ml in tissue culture medium con-
sisting of leucine-free minimal essential medium (Grand
Island Biological Co.) containing L-glutamine (4 mM),
antibiotics, 20% HIHS, and L-['H]leucine (2.0 /Ci/ml).
Suspension cultures were performed in samples of 2-3 ml in
Falcon plastic tubes (Falcon Plastics, Los Angeles, Calif.)
at 37°C in air enriched with 5%o CO2 (fluid pH, 7.2). Super-
nates were harvested by centrifugation at intervals of
approximately 48 h from 0 to 8 days and stored frozen
until assayed for IgG by radioimmunoassay.

Radioimmnnnoassays. Two assay procedures were used to
measure IgG in the cell supernates. The total IgG content
wvas determined by a modification of the solid-phase "sand-
wich" inhibition radioimmunoassay (14). In order to study
synthesis of canine IgG, purified canine IgG and mono-
specific rabbit antiserum to canine IgG were used in the
assay system. Phosphate-buffered saline (pH 7.3) con-
taining l1% HIHS was used as the assay diluent. The stan-
dard curve for inhibition immunoassay was linear between
50 and 200 ng of IgG/ml. Results are expressed as ng of
IgG/106 nucleated cells.
Endogenously labeled IgG ([8H]leucine) was detected

in supernates by the immunologically specific binding of
labeled immunoglobulin to plastic tubes coated with anti-
serum to canine IgG (direct binding assay) (15). The
tubes were washed, dried, and dissolved in 15 ml of scin-
tillation fluid (Liquifluor); the radioactivity was determined
by liquid scintillation counting. A duplicate set of assays
was performed in the presence of 1.0 mg of unlabeled

caniine IgG per ml of medium to block the binding of in-
trinsically labeled immunoglobulin in the samples. These
served as a control for immunologic specificity. The counts
specifically blocked were considered proportional to the
magnitude of IgG synthesis. Results were expressed as
blocked cpm/106 nucleated cells.

Local irritationt of the lowecr respiratory tract. Bovine
IgG (BGG) was prepared from Cohn fraction II (Sigma
Chemical Co., St. Louis, Mo.) by DEAE-cellulose chroma-
tography. The protein, eluted with 0.02 M of Tris-HCl
buffer, pH 8.0, was coupled to autologous canine erythro-
cytes with chromic chloride (16). Sheep erythrocytes were
obtained from Mogul Diagnostics (Division of Mogul Corp.,
Mladison, Wis.) and were washed with HBSS before use.
Approximately 5 ml (packed cell volume) of either BGG-
erythrocytes or sheep erythrocytes were instilled directly into
the alveolar spaces through a double-lumen balloon catheter.

RESULTS

Identification and functional characterization of
lymphocytes from normal canine lungs
Morphology. The cell population obtained from nor-

mal canine lungs was pleomorphic. Cells resembling
niacrophages of different sizes accounted for approxi-
mately 75% of the cells (range 68-80%). MIorphologi-
cally identifiable lymphocytes made up an average of
23% (range 18-32%) of the population. Uncertainty
exists with respect to intermediate-sized cells (account-
inlg for approximately one-third of those cells classified
as lymphocytes) that could not be definitely identified
as either small macrophages or medium-sized lympho-
cytes. We were unable to resolve this uncertainty by
tests of phagocytic function or by histochemical stain-
ing (lipase). Polymorphonuclear leukocytes were seen
occasionally (0-9%). Erythrocytes were rarely ob-
served. Plasma cells were difficult to identify when first
obtained, but they were easilv found after 2-4 days of
culture.

Synthesis of IgG. Synthesis alnd release of IgG by
the normal lung-cell population was demonstrated in
seven of eight single-lavage experiments, performed on
eight different animals, by both the standard inhibition
and the direct binding radioimmunoassays (Fig. 2).
There was a time-dependent net increase of IgG re-
leased into the culture supernates. The inhibition assay
(Fig. 2A) shows the variability among animals both
in rate of synthesis anid in total IgG accumulated in the
culture supernates (75-425 ng/10 cells). The direct
binding assay of labeled IgG (Fig. 2B), which is an
independent assay system, confirmed results of the
inhibition assay with remarkable consistency, both quali-
tatively and quantitatively for each animal, and proved
that the appearance of IgG in the supernate resulted
from synthesis of IgG de niovo rather than from simple
release of preformed immunoglobulin from cells.
Response to PHA. The blastogenic response of lung

cells to PHA was compared with that of peripheral
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1G SYNTHESIS cal, indicating that PHA-responsive lung cells, when
.pes present, do not differ qualitatively in this regard from

blood lymphocytes. Serial dilutions of blood leukocytes
,7 showed that our assay can detect responsive lympho-

OB cvtes at a level somewhat less than 1%i of the standard
9V . vconcentration of cells (106/nml).

* ~ *°W\Ne frequently observed a striking increase in uptake

DU0---soof labeled thvmiidine by control cultures after several
________________________*__R Ipulmonary- lavages. This plhenomenon resulted in a low
2 4 6 8 blastogenic index (lespite a marked increase in the

es inet counts incorporate(l in the presence of PHA. Auto-
RATION OF radiographs of these conitrol cuiltures showed that nuclear
|LEUCINE latbeling xvith [3H]thynmidine occurred predominantly
O IgG in cells hiav ilng the appearance of young lymphocytes.

These data suggested the recruitment of a PHA-re-
//a*0 Ssponsive splontaneously proliferating cell population

into the bronchoalveolar spaces.
To demonstrate this recruitmiient of T cells, foreigni

//e/V/ pIarticulate substances wsere administered (lirectly into
*/ / the lower respiratory tract. Both BGG-coated autolo-

gous er-vthiroc\tes andl sheep erythrocytes prodluced a
00 (dranatic increase in PHA-responsive cells after each

|__COU8tof several instillations (Table I). Thus, althouglh funic-
______________________OR tional T cells are normally- uindetectable amonig lunig

2 4 6 8 cells, these iiiinimtnocytes may be recruited into air
DAYS spaces by local irritation.

FIGURE 2 Synithesis of IgG in vitro by luting cells obtained
from sinigle bronchopulmonary lavage of normal dogs.
(A) Time-dependent accumulation of total IgG in culture
supernates, measured by inhibition radioimmtunoassay and
expressed as ng/106 inucleated cells. (B) Incorporation of
L-[3H]leucine into IgG by simultaneously obtained samples
from the same dogs, measured by the direct binding radio-
immunoassay. The counts per minute represent those speci-
fically blocked by an excess of unlabeled IgG; letters iden-
tify individual animals. The two assays are mtutually con-
firmatory for each animal.

blood leukoc-tes in seven separate experimients (Fig.
3). As expected, blood leukocvtes in the presence of
PHA increased their incorporation of ['4C]thymidine
into DNA. By contrast, lung cells cultured under iden-
tical conditions failed to respond to PHA in five of
seven experiments. Experimiient S shox\ed a significant
response of lung cells, although the (legree of stinmulation
was distinctly less than that of blood leukocvtes. In
experiment V, the control lung culture had an unusually
high number of counts (300 cpnm), a phenomenon that
we have observed in the presence of inflammation of
the lung. This lung-cell population contained 9% poly-
morphonuclear leukocytes (normal, less than 2%).
Mixing of lung cells and blood leukocytes showed

that the failure of lung cells to respond to PHA was

not due to the presence of any inhibitor of blastogene-
sis. Dose-response curves performed on responsive lung-
cell populations and on blood leukocytes were idernti-

Relative proportions of B cells and T cells in
lung-cell populations compared with those in
blood and spleen
Distribittion of B cells and T cells it lung-cell poput-

lations. After (lemonstrating consistentlv the presenice
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FIGURE 3 Blastogenic response to PHA of lung cells
(hatched bars) and of simultaneously obtained leukocytes
from peripheral blood (open bars). Solid areas are control
cultures. The number above each bar is the stimulation
index; letters identify individual animals. The cultured cells
were aliquots of those used in the IgG synthesis studies
(Figs. 2A and B). Results, expressed in counts per minute,
are incorporation of ['4C] thymidine per culture (see
Methods).
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TABLE I
Appearance of T Cells in Air Spaces after

Local Irritation

Blastogenic response to PHA
(cpm of [14C]thymidine incorporated)

Days
after
instil-

Experiment lation Control PHA Net Index

Dog R: BGG-RBC
Control 0 32 147 115 4.5

0 54 841 787 15.6
Instillation 1 7 189 1,137 948 6.0

18 108 2,076 1,968 19.2
29 195 11,913 11,718 68.0

Instillation 2 3 29 524 495 18.0
10 62 7,035 6,973 114.0
17 47 2,681 2,634 57.0

Dog J4: Sheep RBC
Control 0 60 133 73 2.2
Instillation 1 4 114 376 262 3.3

8 302 998 698 3.3
Instillation 2 4 102 403 301 4.0

9 106 1,223 1,117 12.0
23 421 3,452 3,031 8.2

Instillation 3 7 601 2,417 1,816 4.0

of immunoglobulin-producing cells and the occasional
presence of T cells in normal canine lungs, we com-
pared the distribution or proportion of these cell tvpes
with that in populations of leukocytes from blood and
spleen (Fig. 4). Synthesis of IgG by lung and blood
leukocytes was approximately equivalent, but consider-
ably less than that of spleen. By contrast, the response
to PHA of lung cells was markedly less than that of
either blood or spleen.

1,500
IN VITRO IgG SYNTHESIS

L)
40
o 500zLEbILIL

7,000
l PHA RESPONSE

3"O

1 2 3 4 1 2 3 4 1 2 3 4 EXPT. NO.

LUNG BLOOD SPLEEN

FIGURE 4 IgGsy:thesis and response to PHA stimulation
of lung, blood, and spleen leukocytes in four weekly ex-
periments on the same animal (dog P). Upper panel, maxi-
mal synthesis of IgG in each experiment (expressed as ng
IgG/106 nucleated cells); lower panel, net counts per minute
of ['4C]thymidine incorporated in the presence of PHA.
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FIGURE 5 Comparison of IgG synthetic capacities of lung,
blood, and spleen leukocytes (A) with blastogenic response
to PHA of aliquots of the same cell populations (B). The
differences in lymphocyte types among the three tissues are
clear. Immunoglobulin synthesis was measured by the direct
binding radioimmunoassay and response to PHA by the
incorporation of ["4C] thymidine into DNA.

The difference betwveen B-cell and T-cell function in
the lung is emphasized by the results of a single ex-
periment on a different animal (dog D) (Fig. 5).
Here, synthesis of IgG by lung cells was exceptionally
great, actually exceeding that of spleen (Fig. 5A). It
is significant, then, that a sample of this same popula-
tion of lung cells showed no response to PHA (Fig.
5B) despite a brisk response by leukocytes from both
blood and spleen.
As expected, the splenic leukocyte population is rich

in both B cells and T cells, and the blood contains pre-
dominantly, but not exclusively, T cells. The lung-cell
population, however, resembles neither and is distinc-
tive in that it contains B cells almost exclusively.

DISCUSSION

In these studies we have attempted to define and charac-
terize the lymphoid component of the heterogeneous
cell population obtained from the normal canine lung
by bronchopulmonary lavage. Morphologically identifi-
able lymphocytes accounted for approximately 23% of
the lung-cell population. In order to circumvent morpho-
logical uncertainties we employed functional criteria
to identify and categorize lymphoid cells. We made
the assumption that B cells and T cells derived from
various organ systems are functionally similar. We
took the magnitude of our assay results as an estimate
of the numbers of functional B cells and T cells present
in each of the populations studied, regardless of mor-
phology.
We have expressed our data relative to 106 unfrac-

tionated leukocytes in order to compare the relative
numbers of B cells and T cells present within each
tissue. Since these pol)ulations were obtained simul-
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taneously and cultured under ideentical conditions, and
since the assay systems for B cells and T cells are
of the samlie order of sensitivity, the assay results may
be taken as a direct estimiate of the numiiber of B cells
and T cells contained withliin each population. Expressed
in this mnanner, comlparlsolls amllong diverse cell popu-
lations are valid.

Synthesis of IgG in -itro 1y lung cells was coIn-
sistently demonistrated by txvo iidependeint rcadioimmlllu-
noassay techniques. The immllluinochenical specificity of
the assays, the agreemiient betwseen tlhen, and the demlon-
stration of IgG synthesis do novz-o leaves lno doubt that
B cells are present in normiial lung-cell populations. The
tinme course of several days unitil peak IgG synthesis
occurs suggests maturation of B cells in vitro toward
immunoglobulin-producing plasmla cells. These results
clearly establish that the norimial caninie lung contains
cells capable of imllmuInoglobulin (antibody) synthesis
and dlenmonstrate that B cells and,/or theil- derivates
(plasmiia cells) are normally present onl the air si(le of
the alveolar-capillary mnembranie.
Our data are relevant only to IgG. Secretory IgA is

the predominant immunoglobulin in upper airxvav secre-
tions in several species, includinig Ilmall ( 17) it fuinc-
tions to protect against certain viral respiratory infec-
tions (18). In the loxver resl)iratorv tract the relative
contribution of the individual immliiunoglobulin classes
to the immliluine response has nlot leen elucidated, but
recent evidence suggests that both IgG and IgM are
important (19). Inmmunoglobulin G is l)resent in milicro-
grams per mlilliliter amiouints in the lavage fluids we
lhave studied,3 indicating that large quantities of IgG
are normally present in bronchoalveolar air spaces.
Efforts to determine the relative distribution of IgG
IgA, and IgM in lavage fluids and luing-cell culture
supernates are currently in p)rogress.
We were unable to detect significant numbers of cells

responsive to PHA anmong populations derived from the
normal lung. Since only T cells undergo blastogenesis
in the presence of PHA, these results indicate that very
few of these cells are normlally present in the lung.
No inhibitors of the blastogenic response vere found in
the lung-cell preparatiolns. It is possible that the differ-
ence in numbers of B cells and T cells detected amlonlg
the lung-cell populations may, in part, be caused by a
differential sensitivity of the assay procedures employed.
Howvever, xve estimate from independent experiments
that both assays are capable of detecting the presence
of the appropriate cell type at a concentration approxi-
mlately 1% of the cultured cell population. The occa-
sional presence of T cells in normal lung cells, plus their
ready identification in exudates stimulated by foreign

3 Unpublished observations.

nmaterials. suggests that these cells are not normally
resi(leiits of the pulmonary air spaces, but that thev are
readily available anid Can be recruited by appropriate
stillmulation. The findinig of a rapidly aci spontaneously
proliferating cell pol)ulation that appears to respond to
PHA after stimulation is of interest; however, these
data do not tell us whether imm1nlature T cells were re-
ci-uited inlto air sspaces or whether a smlall resident pop-
ulation of T cells was stimiulated to divide.
The three leukocvte populations (blood, lung, anid

spleein) dliffered markedlv in their relative concentra-
tions of B cells ani(l T cells. The spleen is rich in both
types of inmmunocvtes, wvhile blood contains pre(lomili-
nantlv T cells. Lung-cell pop)ulationls containi B cells,
and T cells are not usually detectable. These data inl-
dicate that bronchoalveolar lymphocytes do not reflect
simplyl the Iviphoi(l comilp)ositioln of circulatilng periph-
eral bloo1(.

Since B cells xwere consistently found(l in inorimlal luings,
thley appear to be niormiially presenlt in the lower resl)ira-
tory tract. The alaltomic origin of these cells may be
thle lanIma propria oft peripheral airways wh-lere localize(d
collectioins of plasma cells aind lymphocytes are known
to exist (20), or they may be derived fromii the circulat-
ing lymlphocyte pool. Ouir inability to detect T cells in
air spaces suggest that few, if any, of these cells are
static inhabitants of the normiial lower respiratory tract.
The thymus-dependent lymphocyte is known to coItinlu-
ally circulate through l)lood, tissue, alnd lymph seek;ing
the antigen to which it has beeii preconinlitted (21 ).
If the samie process occurs in the lung, large accumula-
tions of T cells in air spaces would be expected only in
the presence of antigen.

Froml these considerations an(d froml our data. the
general functional characteristics of an immunltlie system
in the lower respiratory tract begin to emlerge. It is im1-
portant to recognize that the cells we are discussing
have been derived from the lower respiratory tract
(smlall bronchi, bronchioles, and alveoli), and that these
cells may be distinctly different fronm those of the naso-
pharvnx and large airways. Additionally, these immuno-
cv-tes hlave been derived from the air side of the pul-
monary- capillar wvall. \ ithlini tlle confinies of these
anatonic boundaries, Nve have defined a distilnctive and
unique l)opulation of lynmphoc tes which exists under
normal physiologic conditions. WAe postulate that this
system could provide for the immediate availability of B
cells to mlounit a rapid humoral (antibody) immliune
response to the initial exposure to airborine antigen, and
that T cells have access to air spaces to perform cell-
mediated immune functions. While our data are con-
sistent wvith this concept of a local immune system in
the lung, further studies will be required to determine
-whether bronchoalveolar lymphocytes respond to anti-
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genic stimulation in situt or whether participation by
the central immliiune apparatus is required.
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