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Immunocompetent Cells from the Lower Respiratory Tract

of Normal Human Lungs

R. P. DANIELE, M. D. ALTOSE, and D. T. ROWLANDS,JR.

From the Cardiovascular-Pulmonary Division of the Department of Medicine
and the Department of Pathology, University of Pennsylvania School of
Medicine, Philadelphia, Pennsylvania 19104

A B S T R A C T Subpopulations of lymiphocytes in the
broncho-alveolar air spaces of normal human lungs were
compared with those in peripheral blood. Bone marrow-
derived (bursal-equivalent) cells (B cells) were identi-
fied by complement receptors (EAC rosettes) and by
surface immunoglobulin. Thymus-derived lymphocytes
(T cells) were identified by their proliferative response
to mitogens and the E rosette technique.

Cells in lung air spaces were recovered from eight
healthy nonsmoking volunteers by segmental lavage
with the flexible bronchofiberscope. On the average,
macrophages constituted 78% and lymphocytes 1/7%
of the cells in the aspirates. B cells detected by surface
immunoglobulin and complement receptors equaled 22%
and 15% of lung lymphocytes, respectively. The dis-
tribution of lung B cells into heavy chain immuno-
globulin classes revealed 1gM and IgG to be the pre-
dominant classes, with mean values of 14.5% and 9.3%,
respectively; the corresponding value for TgA was 5%.
A comparable order of frequency (IgAM > IgG > IgA)
was observed for purified peripheral blood lymphocytes
in the same and other control subjects. T cells com-
prised the majority (47%) of identifiable lung lvmpho-
cytes by the E rosette method. The presence of lung
T cells was also corroborated by their proliferative
response to mitogens (phytohemagglutinin and concana-
vallin A), but the response was less than that of equal
numbers of peripheral blood lymphocytes from the same
subj ects.

The B/T cell ratio for lung lymphocytes was com-

parable to results with peripheral blood lymphocytes ill
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the same subjects, but a higher proportion of lung
lymphocytes could not be identified as either T or B
cells.

It is postulated that lung lymphocytes participate in
the local immune defenses of the lung.

INTRODUCTION

The search for mechanisms that allow the lung to cope
with potentially injurious airborne substances has
focused primarily on the mucociliary blanket and the
phagocytic and metabolic activities of the alveolar macro-
phage (1, 2). Relatively little is known about local
immune mechanisms and how they participate in the
overall design of the lung's defense mechanisms. Cen-
tral to this understanding is some knowledge as to the
deployment and functional identity of lymphoid cells
within the respiratory tree.

It is generally accepted that antigens (including bac-
teria and viruses) introduced into the respiratory tract
stimulate the secretion and transport of antibody, pri-
marily IgA, by lymphocytes and plasma cells located
beneath the lamina propria along the tracheobronchial
tree (3). More recently, it has been shown that in
certain experimental animals, lymphocytes obtained by
lavage from the lower respiratory tract constitute a
significant fraction (10-30%) of the cells and are

capable of both cellular and humoral responses to an-

tigens introduced intranasally or intratracheally (4-8).
In guinea pigs. Waldman and Henney demonstrated that
antigenic stimulation via the respiratory tract elicited
local production of antibody in bronchial secretions and
cell-mediated responses, as measured by production of
macrophage inhibition factor by lymphocytes within lung
air spaces (4). Using the single cell method for antibody
assay (Jerne plaque technique) (9), others have demon-
strated that lymphoid cells recovered from the lungs of
rabbits and dogs by lavage were capable of in vitro
secretion of antibody specific for the sheep red blood
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cells (SRBC)1 previously introduced into the respira-
tory tract (5-8). Thus, there is increasing evidence
to suggest that a population of lymphoid cells that
resides or is mobilized into the broncho-alveolar air
spaces is capable of both humoral and cellular im-
munity and forms part of the local immune system. of
the lung.

In immune tissues such as lymph node and spleen,
phalgocytic cells and lymphocytes interact or collaborate
in the generation of immune responses (10, 11). These
lymphocytes are separable into at least two functional
subpopulations: thytvmus-derived lymiplhocytes (T cells),
which control cell-miediated immunity, and bone mar-
row-derived (bursal-equivalent) or B cells, which are
the precursors of antibody-secreting cells (plasma cells).
Although they may be morphologically similar, T and
B cells possess unique membrane characteristics that per-
mit their identification in peripheral blood and lymphoid
tissues (12): T cells in human blood are detected by
their adherence to sheep red blood cells (E rosettes)
(13, 14) ; the corresponding B cells can be identified by
surface iimunloglobulins (15) and receptors for modified
components of complement (16).

As part of experiments designed to gain insight into
the immune system in the human lung, we have examined
the composition of cells obtained by segmental bronchial
lavage of healthy volunteers. The studies were aiiie(d
at determining- wllether a stable I)ol)ulation of iminutino-
conpl)etent cells resides in the lower respiratorv tract of
normal humanlungs; and, if such a lioptulation exists, to
identify and quantitate the cells as subpopulations of T
and B lymphocytes. Some indication of the functional
capacity of cells recovered from the airways was also
assessed by studying their response to soluble mitogens,
phvtohemagglutinin (PHA) and concanavallin A (Con
A). These immunologic parameters were compared in
the lung and peripheral blood of the same subjects.

METHODS
Subjccts. Healthy male volunteers, ages 21-35, were

included in this study according to the following criteria
(a) freedom from chronic pulmonary disease; (lo) com-
plete abstinence from smoking (including pipe an(l cigar)
from childhood; (c) no industrial dust exposure; (d) a
normal chest X ray; (e) normal pulmonary function tests
including those designed to detect small airway disease
(closing volumes and flow volume loops); and (f) no
medication at the time of study. All subjects were fully
informed as to the nature and purpose of each aspect of
the study in which they were involved.2

'Abbrcviations used in this paper: B cells, bursal equiva-
lent or bone marrow-derived lymphocyte; Con A, concana-
vallin A; FCS, fetal calf serum; HBSS, Hanks' balanced
salt solution (with Ca++ and Mg++); PHA, phytohemagglu-
tinin; SIg, surface immunoglobulin; SRBC, sheep red
blood cell; T cell, thymus-derived lymphocytes.

2Approved by the Hospital of the University of Pennsyl-
vania Conunittee on Human Experimientation.

Broanclhoscopy awd collcclion of spccinicts. Segmental
bronchial lavage was performed with an Olympus BF-5B
bronchofiberscope (Olympus Corporation of America, New
Hyde Park, 'N. Y.). The subjects were first premedicated
with 25-50 mg meperidine and 0.1 Itug atropine (i.m.).
After topical anesthesia of the pharyngeal and nasal mucosa
with a solution of lidocaine (2%) in isotonic saline, the
bronchoscope was passed via the nose into the lower lobes
of the segmental bronchus. While the bronchoscope tip
was wedged in place, 100-200 ml of sterile isotonic saline
was introduced into the isolated bronchial segment. The
lbronchial contents were then asI)irate(l into a sterile trap on
ice, containing two volumies of Hanks' balanced salt solu-
tion (HBSS) (Grand Island Biologic Co. [GIBCO],
(;ranid Island, N. Y.) supplemented with 20% (vol/vol)
fetal calf serum (FCS) (Microbiological Associates, Cock-
evsville, 'Md.), 10 U of heparin/ml (Lipo-Hepin, Riker
Laboratories, Inc., Northridge, Calif.), 100 U of peni-
cillin/ml, and 100 ,ug streptomycin/ml GIBCO).

Separation of lymiphocytcs fron lioiyg 7ashings. The
aspirated cell suspension was first passled through six
layers of sterile surgical gauge and a 250-/Iou stainless steel
iuesh to retuove tuncous clumps and cell (lebris. The sus-
pension was then washed three times in HBSS (400 g at
4CC). For cell counting, small iuacrol'hages and mono-
cytes were distinguished from large lvyuphocytes by the
capacity of the former to ingest latex particles (1.1 Aum,
Dow Chemical USA, Midland, Mich.). This was accom-
plished by first incubating a suspension of lung cells, 5 X
106 cells/ml, with 0.1% latex particles (in HBSS plus 20%
FCS) for 30 min at 37°C in a shaker bath. Cytocentrifuge
(Shandon Southern Instruments Inc., Sewickley, Pa.) prep-
arations \were then made and stained w\ithl Wright-Giemsa
stain for differential counting. M, o(nnocytes an(l macrophages
\\ere i(lentified by size, the presence of large lipid vacuoles,
or the presence of ingested latex particles.

Lymphocytes were separated from the remaining washed
cells by one of two methods. In the first, a suspension of
lung cells, 5 X 10' cells/ml, in HBSS solution with 20%
FCS, was incubated with carbonyl iron particles (10 mg/
ml) (powder WV, GAF Corp., New York) in a shaker
bath for 30 min. 8-ml .portions of the cell suspension were
then layered onto 1.5 ml of a Ficoll-Hypaque gradient'
(specific gravity 1.077) and centrifuged in siliconized test
tubes (RTU, No. 7816, Beckman Instruments, Spinco Div.,
Palo Alto, Calif.) at 400 g for 20 min at 4'C (17). Cells
(at least 90% lymphocytes) were aspirated from the in-
terface of the mixture and washed twice in HBSS. The
secon(l method was used to obtain larger numbers of cells.
It used direct magnetic sedimentation of lphagocytic cells
after the incubation step (370 C, 30 min) with carbonyl
iron (10 mg/ml), thus oiuitting the Ficoll-Hypaque gradi-
ent. Yields were 50% greater wxith the latter method. By
both methods, lymphocytes constitutedi more than 90% of
the cells and viability was greater than 95% by the 0.1%
trypan blue test. Purity of the lymphocyte preparation was
examined by incubating a portion of separated cells with
latex particles as (lescribecl above. Contamination with
phagocytic cells was less than 10%,. It wvas noteworthy
that residual plhagocytic cells, identified by morphology
and ingested latex particles, also bound several carbonvl
iron particles on the cell surface. Thus, the use of car-

' Prepared by mixing 24 parts of 9 g/100 g Ficoll (Phar-
macia Fine Chemicals, Piscataway, N. J.) with 10 parts
of a 33.0 g/100 g Hypaque (Winthrop Laboratories, New
\ork).
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FIGUE 1 The identification of alveolar macrophages by
the adherence of carbonyl iron particles to the cell mem-

brane. Also shown in photomicrograph are three lympho-
cytes that fail to bind iron particles. X 1,000.

bonyl iron particles provided a means of both identifying
and separating phagocytic cells from lymphocytes (Fig. 1).

Separation of lymphocytes in peripheral blood. Before
bronchoscopy, 20 ml of peripheral or arterial venous blood
was collected in tubes containing 1,000 U of heparin. Lym-
phocytes were separated from heparinized blood by a modi-
fication of the Ficoll-Hypaque technique that included pre-

incubation with carbonyl iron particles (370C for 30 min)
to remove phagocytic cells (17). Purified lymphocytes
(greater than 95%) were suspended in HBSS at a con-

centration of 5 X 10' cells/ml for assays of membrane re-

ceptors.
Preparation of lymphocytes with surface immunoglobulin

(SIg). B cells were identified by detecting SIg with
fluorescein-conjugated antisera to human immunoglobulins.
For fluorescence studies of SIg, 0.01-ml samples of purified
lung and peripheral blood lymphocytes at a concentration
of 5 X 10' cells/ml were incubated for 30 min at 4VC with
0.1 ml of rabbit or goat fluoresceinated anti-human serum
immunoglobulins (Meloy Laboratories Inc., Springfield,
Va.). These preparations were then washed three times,
mounted in 9: 1 glycerol: buffered saline solution and ex-
amined with a Leitz fluorescent microscope (E. Leitz,
Inc., Rockleigh, N. J.) with a Ploem incident light attach-
ment. To detect the total number of cells bearing SIg,
polyvalent antisera specific for human heavy and light
chains were used (I, y, a, K, X). For B cell heavy-chain
classes (,u, a, and y), monospecific antisera was used.
Purity and specificity of each batch of antisera were tested
by immunoelectrophoresis before use.

Detection of B cells bearing complement receptors-EAC
rosettes. B cells also possess receptors for modified com-
ponents of complement that allow them to form rosettes
with sheep red blood cells (E) sensitized with antibody
(EA) and complement (EAC rosettes) (16, 18). SRBC
were obtained from the Veterinary School of the Univer-
sity of Pennsylvania. Each batch was collected in Alsever's
solution (GIBCO) and used within 1 wk of collection.

The indicator cells (EAC) were prepared with SRBC-
sensitized with rabbit anti-Forssman serum (GIBCO) di-
luted 1: 1,000 (subagglutinin titer) with HBSS. The sen-
sitized SRBC were then incubated (370C, 30 min) with a
1: 10 dilution of serum from normal CGH mice (Jackson
Labs, Bar Harbor, Maine) as a source of complement,
washed, and resuspended to a final concentration of 0.5%
in HBSS. Indicator cells were used within 48 h of prepa-
ration. Equal volumes (0.1 ml) of these indicator cells
(EAC) and lymphocytes (4 X 106 cells/ml) were mixed in
duplicate and centrifuged at 200 g for 5 min at 370C. The
pellets were resuspended immediately and the percentage
of lymphocytes forming rosettes was recorded by counting
at least 300 lymphocytes; rosettes were defined by the ad-
hesion of at least three SRBC to a lymphocyte. Controls
consisted of testing lymphocytes as described above with
unsensitized SRBC (E) at 370C and SRBC sensitized
without complement (EA) ; nonspecific rosette formation
never exceeded 2%.

Detection of T cells by E rosettes. E rosettes were
formed by mixing equal volumes of a 0.5% suspension of
SRBC in HBSS and a suspension of lymphocytes, 5 X 10'
cells/ml (18). The cells were mixed in duplicate in U-
microtiter plates (#1-220-24, Cooke Laboratory Products
Div., Dynatech Laboratories Inc., Alexandria, Va.) and
human AB (Hospital of the University of Pennsylvania
Blood Bank) serum was added to each well to give a final
concentration of 10% (vol/vol). The cell suspension was
then centrifuged at 200 g for 5 min at room temperature
(220C). The cell pellets were incubated for 1 additional h
at room temperature, resuspended, and then examined
microscopically in a hemocytometer; rosettes were counted
as described above.

The human AB serum used in this assay was previously
heat-inactivated (560C, 30 min) and absorbed twice with
SRBC. We and others (19, 20) have shown that AB
serum increases the number of E rosettes formed and per-
mits 90-95% of normal human blood lymphocytes to be
identified as either B or T.

Mitogenic response of blood and lung lymphocytes. The
presence of T cells was also tested by their capacity to
undergo blastogenesis and proliferation in the presence of
certain plant mitogens, phytohemagglutinin (PHA) and
concanavallin A (Con A) (21, 22).

Lung and peripheral blood lymphocytes were used. 50
,Og of Con A (Calbiochem, San Diego, Calif.) and PHA-M
(Difco Laboratories, Detroit, Mich.) were added to cul-
tures containing either 5 X 10' or 5 X 10' lymphocytes in 1
ml of modified Eagle's medium (MEM) (GIBCO) supple-
mented with glutamine (2.5 Ag/ml) (GIBCO), penicillin
(100 IU/ml), streptomycin (100 jtg/ml), and 10% (vol/
vol) human AB serum. Cultures were incubated at 37°C
in 5% CO2 and air for 72 h. In two experiments, cultures
were terminated after 48, 72, 120, and 168 h.

Survival of control (without mitogen) cultures was
measured at 48 and 72 h by trypan blue test. No significant
difference in viability was observed between lung and
peripheral blood lymphocyte cultures.

For studies involving cellular proliferation, 0.25 uCi of
tritiated thymidine ([3H]TdR) (sp act 7.7 Ci/mmol, New
England Nuclear, Boston, Mass.) was added to cultures 16
h before termination of the experiment. After exposure to
tritiated thymidine, the supernate was removed from the
cell pellet, and the mixture was agitated on a Vortex
mixer (Scientific Industries, Inc., Queens Village, N. Y.).
Cellular proteins and nucleic acids were precipitated with
5 ml of chilled 3 M trichloracetic acid solution. The pre-
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TABLE I

Percent of Lymphocytes Identified as B Cells in
Peripheral Blood and Lung Washings

Surface immunoglobulin* (polyvalent)

Exp. Arterial Venous Lung

% % %O
1 18 22
2 22 15
3 27 23 20
4 25 28 21
5 28 30 16
6 31 20
7 20 24 25
8 22 16

Mean ±SEM 25±i-1.8 25 i41.6+ 194i1.2+

* Detected by fluorescein-conjugated antisera to human im-
munoblobulins (-y, p, a, X, K).
t Difference between these results significant, P < 0.05,
Student's t test.

cipitate was centrifuged at 1,000 g at 0C for 20 min. The
supernate was discarded and the precipitate dissolved in a
2 M ammonium hydroxide solution (0.5 ml). Aliquots of
the dissolved samples were transferred to scintillation vials.
Scintillation fluid ' was added and radioactivity was mea-
sured with a liquid scintillation spectrometer (Packard Tri
Carb, Packard Instrument Co., Inc., Downers Grove, Ill.).

RESULTS

After introduction of 100-200 ml of sterile isotonic saline
into a segmental bronchus via the bronchoscope, aspira-
tion recovered a mixture of 50-100 ml of saline and
bronchial secretions. The number of cells ranged be-
tween 4 and 16 million/ml (mean of 9.5 X 106 cells/

'Toluene 3.78 liter; POPOP (1,4-bis[2-(5-phenyloxa-
zol)]benzene) 1.14 g; PPO (2,5-diphenyloxazole) 15.1 g
(Packard Instrument Co., Inc., Downers Grove, Ill.).

lavage, 12 experiments). The paucity of red blood cells
in the aspirates indicated that cells were obtained from
the bronchoalveolar air spaces and not from blood.

A Wright-Giemsa stain of the aspirated cells incubated
with latex particles indicated that on the average, macro-
phages constituted 78% of the cells (range 60-88%);
lymphocytes were 17% (11-30%).

B cell markers-SIg. The fraction of purified lym-
phocytes identified by SIg in peripheral blood and lung
washings are compared for the same subjects in Table I.
The mean percentage of lung lymphocytes bearing SIg
for eight experiments was 19% (range of 15-25%).
By comparison, the mean percentage of lymphocytes in
peripheral venous blood with SIg was significantly
greater, equaling 25% for the same eight subjects
(range 18-31%). The proportion of lymphocytes bear-
ing SIg was greater in peripheral venous blood than
in lung in six out of eight subjects. A similar dif-
ference existed in three out of four experiments where
the fraction of lymphocytes having SIg was compared
in lung and peripheral arterial blood (Table I). Indeed,
in four experiments, no significant difference in the
fraction of cells bearing SIg existed between arterial and
venous blood (P > 0.5).

The distribution of B cells bearing SIg into cells with
heavy chain classes, A, y, and a, is shown for four sub-
jects in Table II. For each experiment, the percentage
of lung lymphocytes bearing a specific class of immuno-
globulin is compared to that of peripheral venous blood
lymphocytes in the same subjects and in eight other
age-matched controls. Also in the table are the corre-
sponding values (percentage) of lymphocytes bearing
SIg detected by polyvalent antisera for venous blood
and lung. For peripheral blood lymphocytes, IgM and
IgG were the predominant classes in four experiments;
the mean values were 12.5% and 11%, respectively; the
corresponding mean value for IgA was 6.5%. A compar-

TABLE II
B Cell Classes in Peripheral Blood and Lung Washings

IgM IgG IgA Polyvalentj
Exp. Blood* Lung Blood Lung Blood Lung Blood Lung

%of purified lymphocytes
1 14 18 10 12 9 4 28 21
2 16 13 11 6 6 7 30 16
3 12 16 13 12 4 5 24 25
4 8 1 1 10 7 7 4 22 16

Mean 12.5 14.5 11 9.3 6.5 5.0 26 19.5
Control§ (6-16) (4-11) (4-10) (14-38)

* Peripheral venous blood.
$ Polyvalent = antisera to IA, -y, a, X, K determinants.
§ Other controls from comparable age range (range of values, n = 10).
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TABLE I I I
B Cells Identified by Complement Receptors in

Peripheral Blood and Lung Washings

EAC rosettes

Exp. Arterial Blood Lung

%of purified lymphocytes
1 - 18 10
2 - 24 16
3 21 24 18
4 16 15 13
5 30 26 16
6 36 28
7 15 16 11
8 - 20 11

Mean±SEM 2143.4 2242.4* 15±2.7*

Difference between these results significant (P < 0.001,
paired Student's I test).

able order of frequency was observed in four experi-
ments involving lung lymphocytes: IgM > IgG> IgA,
with mean values of 14.5%, 9.3%, and 5%, respectively.
The values for lung and blood lymphocyte classes were
within the range of values for other controls. However,
in each experiment, the sum of lung lymphocytes pos-
sessing heavy-chain Ig classes exceeded the percentage
of lung B cells detected by polyvalent antisera: for
lung lymphocytes, the total of cells with SIg classes
equaled 28.8%, compared to 19.5% for the cells detected
by polyvalent antisera (mean values for four experi-
ments). In peripheral blood, the discrepancy was less
striking, 30% and 26%, respectively.

Identification of B cells-complement receptors.
Table III indicates the fraction of lung and peripheral

TABLE IV
Lymphocytes Identified as T Cells in Peripheral

Blood and Lung Washings

E rosettes

Exp. Arterial Venous Lung

%of purified lymphocytes

1 48 30
2 64 45
3 72 74 61
4 75 72 58
5 74 77 66
6 58 44
7 70 64 52
8 - 75 20

Mean±SEM 73±1.1 67±3.5* 47±5.6*

*Difference between lung and venous blood results signifi-
cant, P < 0.01, Student's paired t test.

TABLE V
Partitiont of 7 and B Cells in Lung and P'eripheral

Blood (Eight Subjects)

Peripheral
Lung blood

%aSEM %aSEM

T cells* 47±45.6 67 ±3.5
B cellst

EAC rosettes 15±2.1 22±2.4
SIg 19±1.2 25±1.6

Null cells§
(100% - T + SIg) 34±5.61J 10±E4.311
B/T ratio¶ 1/2.5 1/2.7

* Determined by the percentage of purified lymphocytes
capable of forming E rosettes.
$ B cells identified as percentage of cells possessing comple-
ment receptors (EAC) rosettes) and surface immunoglobulin
identified by fluorescein-tagged antisera to human immuno-
globulins.
§ Null cells defined as the percentage of lymphocytes that
could not be identified as T cells by their capacity to form E
rosettes or B cells by the presence of surface immunoglobulin,
11 Difference between these results is significant (P < 0.01.
Student's t test).
¶ B/T ratio defined by the percentage of cells bearing surface
immunoglobulin/percentage of each capable of forming E
rosettes.

blood lymphocytes possessing complement receptors and
capable of forming EAC rosettes. As for cells bearing
SIg, the fraction of lymphocytes forming EAC rosettes
was less for lung than for peripheral blood in eight
experiments (15% versus 22%). Similarly, no signif-
icant difference was noted in the percentage of lympho-
cytes forming EAC rosettes between arterial and venous
blood (P > 0.5).

Identification of T cells-E rosettes. The percentage
of lung lymphocytes identified as T cells by their
capacity to form rosettes with unsensitized SRBC (E
rosettes) is shown in Table IV. T cells comprised the
majority of identifiable lung lymphocytes, equaling 47%
compared to 67% T lymphocytes in peripheral blood
(mean values for eight experiments). As for the B cell
markers, the percentage of T cells obtained from lung
was less in every experiment than the percentage of
T cells among peripheral blood lymphocytes. Again,
no significant differences in the percentage of T cells
were observed between arterial and venous blood (P >
0.5).

Null cells. Although the B/T cell ratio for lung
lymphocytes (1/2.5) was comparable to results with
peripheral blood lymphocytes (1/2.7), the proportion
of cells that apparently lacked membrne markers ("null
cells") was greater for lung (34%) than peripheral
blood (10%) (Table V).
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Identification of T cclls-response to mitogens. The
in vitro response of lung cells to soluble mitogens, PHA
and Con A, was also assessed. Because of the relatively
small numbers of lymphocytes recovered from each
lavage, it was necessary to reduce the cell numbers per
culture from 5 X 105 cells/ml (standard culture) to 5 X
10' cells/ml. Preliminary experiments were performed
to examine the effect of mitogens on reduced numbers
of cells. Fig. 2 compares the response of lung and
peripheral blood lymphocytes for two subjects to PHA
at cell concentrations of 5 X 10' cells/ml over a 168-h
period.

Each point represents the mean value of duplicate
samples for the incorporation of radiolabeled thymidine,
measured in disintegrations per minute. Peak responses
of 6,000 and 9,000 dpm were observed for lung lympho-
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FIGURE 2 Response of peripheral venous blood and lung
lymphocytes to PHA. Ordinate indicates incorporation of
radiolabeled thymidine into replicating cells and measured
as disintegrations per minute. (A A) A representative
response for a standard culture for peripheral blood lym-
p~hocytes containing 5 x 105 cells/mi (20); vertical bar
indicates SEM. (0 0 ) The response of peripheral
blood lymphocytes of twco normal subjects to PHA at a
concentration of 5 x 104 cells/ml. Each point represents the
mean value for duplicate cultures. (@**) The response
of lung lymphocytes of two normal subjects to PHA at a
concentration of 5 x 10' cells/ml. Each point indicates the
mean values for duplicate cultures.
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FIGURE 3 Response of peripheral blood and lung lympho-
cytes to PHA and Con A. Lymphocytes from lung and
peripheral blood were obtained simultaneously from same
subjects and cultured at a concentration of 5 X 104 cells/ml
with optimal doses (50 lg) of PHA and Con A (20).
V represents mean±+SEM for four experiments. Shaded
area represents control cultures lacking mitogens. Differ-
ence between results for lung and blood lymphocyte re-
sponses to PHA is significant (P < 0.005, Student t test).
Difference between results for lung and blood lymphocyte
responses to Con A is significant (P < 0.01, Student t
test). The proportion of T cells present in each culture (%
T cells in lung/% T cells in peripheral blood) was 61/74,
58/72, 44/58, and 52/64.

cytes at 72 h and declined to the abscissa by 168 h.
By comparison, equal numbers of peripheral blood lym-
phocytes exhibited greater peak responses of 19.000 and
12,000 dpm by 72 h and sustained these levels through-
out the 7-day culture period. Also indicated in Fig. 2
is a representative response curve for normal peripheral
blood lymphocytes cultured at a standard cell concentra-
tion of 5 X 10' cells/ml. Peak responses of 43,000 dpm
were observed between 48 and 72 h and declined rapidly
between 5 and 7 days (20).

Fig. 3 summarizes the results of four experiments
comparing the response to PHAand Con A of lung and
peripheral blood lxmphocytes obtained simultaneously
from the same subjects and cultured in vitro for 72 h.
Lung lymphocytes had a response of 6,700 ± 1,300 dpm
(mean ± SEM) and 4,300 ± 850 dpm to PHA and Con
A, respectively. However, equal numbers of peripheral
blood lymphocytes gave significantly greater responses
to PHA and Con A, equaling 18,500 + 2.400 and
17,000 + 2,700 dpm, respectively. The proportion of
T cells present in mitogen cultures for the four experi-
ments was 61/74, 58/72, 52/64, and 44/58 (percentage
of lung T cells/percentage of peripheral blood T cells).
There was no significant difference in the viability be-
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tween lung and peripheral blood lymphocytes after 72 h
in culture.

Since local anesthetics in relatively high doses have
been shown to inhibit mitogen stimulation of lympho-
cytes (23), additional experiments were performed to
examine the possibility that lidocaine, used for topical
anesthesia of the upper airway, might account for the
diminished proliferative response of lung lymphocytes
compared to peripheral blood lymphocytes. Purified
blood lymphocytes (5 X 10' cells/ml) were first incu-
bated for 30 min at 370C with various concentrations
of lidocaine-HCI (102-10' M) (Astra Pharmaceutical
Products, Inc., Worcester, Mass.) and then incubated
with PHA for 72 h (lidocaine remained in cultures
throughout). Lidocaine at 1 X 10' M\ (230 pAg/ml)
resulted in a 70% decrease in PHA stimulation com-

pared to untreated cells. However, complete reversibility
of inhibition occurred when cells were first incubated
with lidocaine (10's M, 370C for 30 min) and then
washed three times in HBSS (as for lung) before cul-
turing with PHA. Significant toxicity for lymphocytes
was observed at 1 X 10' M lidocaine (less than 70%
viability by trypan blue test). Controls consisted of cells
incubated in the absence of lidocaine but washed and
cultured with PHA as for test cultures. In addition,
lidocaine (l0'~ M) had no significant -effect on the
capacity of peripheral blood lymphocytes to form E
and EAC rosettes.

DISCUSSION
Our findings indicate that a significant fraction of cells
(11-30%) recovered by segmental bronchial lavage in
normal human lungs are viable lymphocytes consisting
of T and B cells.

It should be emphasized that the population of nor-

mal subjects used in this study was a group of men,
ages 21-35, who have never smoked, gave no history
of acute or chronic lung disease, and have lived in an

urban environment for at least 1 y. Furthermore, all
subjects included in this study had completely normal
pulmonary function tests, including more sensitive tests
to evaluate small airway disease (closing volume). This
definition of a normal population is relevant to our

results since we and others (24-25) have observed
marked changes in the total number and distribution of
cells obtained by lavage from smokers who would other-
wise be considered free of lung disease. In an age-
matched group of subjects who had smoked for at least
5 y, the number of cells recovered by lavage was 10-20-
fold greater than in the normal nonsmokers; also, in the
smokers, alveolar macrophages constituted more than
95% of the cells (R. P. Daniele, unpublished data).

Cells obtained by lavage in this study are assumed to
be representative of the distal airways to at least
four to five generations of bronchi. These cells are

thought to be either free in the broncho-alveolar air
spaces or loosely invested within the tracheobronchial
mucosa so as to be dislodged by gentile irrigation with
saline. The possibility that white cells obtained by lavage
were derived from blood in the airways was considered
unlikely because of the scarcity of red blood cells in
the aspirates.

Lung T cells. Our findings differ in certain respects
from that of Kaltreider and Salmon (26), who examined
lung cells obtained by bronchopulmonary lavage in the
dog. Although they showed that normal canine lungs
had a population of B cells identified by in vitro IgG
synthesis, they judged T cells to be absent from the
lack of response of the cultured lung cells to PHA; a
membrane marker for T cells was not employed. How-
ever, they did detect T cells as defined by the PHA
response after tracheobronchial irritation. One explana-
tion for the discrepancy between the study of Kaltreider
and Salmon (26) and the present study may he species
difference in the tracheobronchial response to irritation,
i.e., in the same environment, the threshold for recruit-
ing T cells into the canine lung air spaces may be
higher than for the human lung.

In our study, using the E rosette method, T cells
comprised 47% of identifiable lung cells. Although the
nature and function of the receptor for SRBC is
unclear, there is now considerable evidence to support
the functional identity of thymus and thymus-d-erived
lymphocytes with those cells having the capacity to
form E rosettes (10, 12). Furthermore, we have recently
shown that the total number of cells responding to PHA
agrees closely with the number of cells capable of form-
ing E rosettes (20).

The presence of T cells in human lungs was also
tested by the response of lung lymphocytes to soluble
Con A and PHA. Although the specificity of these
mitogens for T cells has been questioned (27), the
greater weight of current evidence suggests that PHA
and Con A stimulate primarily T cells, particularly when
proliferative responses are measured at 72 h (27-30).
Although not quantitative, the response of lung lympho-
cytes to these mitogens is of particular importance since
this phenomenon apparently mimics antigen recogni-
tion and stimulation of specific clones of T cells, and
thus may he a valid model for cellular immunity (22).

The proliferative response at 72 h of lung lymphocytes
to PHA and Con A was significantly less than that of
peripheral blood lymphocytes obtained simultaneously
from the same donors and cultured under identical con-
ditions. The reason for this discrepancy is not clear.
It cannot be ascribed to differences in viability between
lung and peripheral blood lymphocytes (at 72 h). The
likelihood that lidocaine might have been responsible for
the diminished proliferative response of lung lympho-
cytes is argued against by additional experiments show-
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ing reversibility of mitogen stimulation of peripheral blood
lymphocytes incubated with lidocaine and then washed
by the same procedure used for the preparation of lung
lymphocytes. The possibility that the difference in
mitogen response is due to the smaller proportion of
lung T cells placed in culture compared to peripheral
blood lymphocytes (maximum difference = 14%, Fig. 3)
cannot be ruled out.

Lung B cells. B cells were demonstrated in human
lungs by two independent membrane markers, the com-
plement receptor and SIg. The proportion of lung cells
identified with SIg by polyvalent antisera was 19%
(mean value for eight experiments). With Ig class-
specific antisera, IgM-positive cells were predominant,
comprising 15% of lung lymphocytes (mean value for
four experiments) ; IgG- and IgA-positive cells equaled
9% and 5%, respectively. It is noteworthy that in each
experiment, the sum of the values for cells of each Ig
class exceeded the proportion of cells bearing SIg identi-
fied by polyvalent antisera. Although we have no ex-
planation for this consistent finding, one possibility is
that a portion of lung lymphocytes may bind exogenous
Ig (i.e., antigen-antibody complexes) via the Fc recep-
tor for immunoglobulin (IgG); such a phenomenon has
been shown to occur for B cells (31) as well as certain
activated T cells (32).

Using the single cell assay of Jerne for antibody
synthesis, Ford and Kuhn demonstrated in vitro produc-
tion of antibody by cells obtained from bronchial lavage
after antigenic stimulation via the respiratory route
(6, 7). 75-90% of these cells produced IgM and 10-20%
produced IgG, with 80% of the cells having typical
lymphocyte morphology. Kaltreider et al. (8) have made
similar observations on the local immune response to
SRBC in canine lung, detecting primarily IgM- and
IgG-producing cells; interestingly, they were unable to
find IgA-producing cells in the bronchial aspirates.
Thus, the relative order of frequency (i.e., IgM > IgG)
of antibody-producing cells obtained by lavage in these
studies is in agreement with our data showing the pre-
dominance of cells with IgM and IgG on their surface.

15% of the lung lymphocytes also possessed comple-
ment receptors. This fraction was less than the per-
centage of B cells identified by SIg in both lung and
blood. Although the complement receptor is present on
the majority of cells bearing SIg, the binding of
antigen-antibody complement complexes to some lung
cells could inhibit their capacity to form EAC rosettes
(33) and account for the observed differences in the
proportion of lung cells identified by complement recep-
tors and SIg. Further studies are required to reconcile
these differences.

The presence of null cells. As mentioned above, the
fraction of lung lymphocytes identified as T and B
cells by membrane markers was less than corresponding

values for peripheral blood. Table V summarizes the
percentages of lymphocytes identified as T cells by E
rosettes and as B cells by SIg and complement receptors.
It is apparent that for lung lymphocytes, the sum of
T and B cells identified by E rosettes and SIg leaves
34% of the lymphocytes unclassified. Cells having
lymphocyte morphology but lacking T or B membrane
markers have been tentatively called null cells by several
investigators (34, 35). However, the incidence of null
cells may depend on the methods used. With present tech-
niques, we detected a null population in peripheral blood
lymphocytes of about 10%. This value agrees roughly
with that of Dickler et al. (36), who showed, using
multiple markers on the same cells, that a small fraction
of lymphocytes from human peripheral blood (2-13%)
lack identifying surface markers. Thus, the consistently
large fraction of cells in bronchial aspirates that lack
surface receptors in the present study suggests that null
cells in lungs represent more than imperfect method-
ology. Hypothetically, null cells could consist of one or
several unique populations of cells. For example, they
could represent a lymphocyte population at an early de-
velopmental stage when there is an insufficient density
of membrane markers to be detected by the techniques
described (37). Alternatively, they could represent ma-
ture effector cells that have lost membrane markers
(i.e., plasma cells) (38, 39). A third possibility is that
membrane markers may be blocked by exogenous fac-
tors such as antigen-antibody-complement complexes
(33).

If the broncho-alveolar air spaces are a compartment
possessing active immunologic cells that act as a first-
line defense against air-borne antigens, then one might
assume that there is a sufficiently dynamic mechanism
to supply and replenish the required cellular elements.
Little is known concerning the origin, traffic, and life
history of lymphoid cells present in the lung airways.
The presence of lung T and B cells in the same relative
distribution as found in peripheral blood suggests that
blood may be an important source for lung lymphocytes.
Indeed, recent studies in the rat using radiolabeled lym-
phocytes indicate that a significant number of recently
divided lymphocytes migrate from blood into the lung's
air spaces (C. Beacham and R. P. Daniele, manuscript
in preparation). Furthermore, the possibility that the
lung may constitute a preferential trap for either T or
B cells or both from blood is not excluded by our
data showing an insignificant difference in the fraction
of T or B cells between venous and arterial blood. Large
arteriovenous differences would only be expected if
trapping of either T or B cells across the alveolar capil-
lary bed were massive, since the large blood flow would
allow considerable trapping in the face of small differ-
ences in the number of T or B cells across this vascular
network.
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It should be emphasized, however, that it is unclear
as to what relative contribution blood, tracheobronchial
lymph nodes, and the submucosal secretory system make
towards the composition of broncho-alveolar lympho-
cytes.

To our knowledge, this is the first demonstration that
relatively stable populations of T and B lymphocytes
reside in the lower respiratory tract of normal human
lungs. The presence of viable T and B cells in the
broncho-alveolar air spaces in a ratio (about 1/2.5
for B/T) comparable to what is found inl peripheral
blood, lymph node, and spleen (10) suggests that these
cells may participate in the local immune defenses of
the lung. However, to ascribe such a function to the
lung lymphocytes identified in this study will require
more direct evidence that they correspond or are re-
lated to the sensitized cells lavaged from experimental
animals and shown to express humoral and cellular
immune responses.

Should such a relationship prove valid, then cells
sampled from the lower respiratory tract may provide
some measure of the local immunocompetence of the
lung, much as sampling of peripheral blood is used to
assess systemic immunity.
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