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Separation of Potent and Poorly Functional Human Lung
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Human alveolar macrophages obtained by bronchoalveolar lavage are usually poor
accessory cells in in vitro lymphoproliferation assays. However, we recently described a
subpopulation of puimonary mononuclear cells, obtained from minced and enzyme-
digested lung, which were potent stimulators of allogeneic T-lymphocyte proliferation.
These celis were enriched in loosely adherent mononuclear cell (LAM) fractions, but
further study of these accessory celis was hampered by the heterogeneous nature of
LAM. It was observed that in the majority of lung tissue sections, most alveolar
macrophages were autofiuorescent, whereas most interstitial HLA-DR positive cells were
not. Therefore autofiuorescence was utilized to fractionate LAM in an attempt to remove
alveolar macrophages and selectively purify interstitial accessory cells. LAM were
separated by flow cytometry using forward and side scatter to exclude lymphocytes, and
red autofiuorescence to obtain brightly autofiuorescent (A pos) and relatively nonauto-
fluorescent (A neg) mononuclear cells. Aithough both populations contained over 80%
HLA-DR positive cells, A pos cells were poor accessory cells, whereas A neg cells were
extremely potent stimulators of a mixed leukocyte reaction at all stimulator ratios tested.
When A pos cells were added to A neg cells, T-cell proliferation was markedly sup-
pressed in the majority of experiments. Morphologically, A pos cells appeared similar to
classical alveolar macrophages with 95% of the cells being large and intensely nonspe-
cific esterase positive. In contrast, the majority of A neg were smaller, B-cell antigen-
negative, nonspecific esterase negative, and had a distinctive morphology on Wright-
stained smears. We conclude that fractionation of LAM based on autofluorescence is a
powerful tool to isolate and characterize lung mononuclear cells that act either as
stimulators or as suppressors of immune responses in the lung.
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INTRODUCTION

The expression of an immune response in the lung
may be essential to a host’s capacity to clear infectious
agents acquired via the respiratory tract. In addition,
exaggerated or inappropriate cellular and/or humoral
immune responses can result in lung diseases such as
hypersensitivity pneumonitis [12] or sarcoidosis [6]. The
initiation of most immune responses requires an interac-
tion between accessory cells and T lymphocytes. How-
ever, the majority of previous studies have demonstrated
that human alveolar macrophages from bronchoalveolar
lavage are usually poor accessory cells in in vitro
lymphoproliferation assays [9,30,32,33].

We recently demonstrated that a potent accessory cell
could be obtained from minced and enzyme-digested
human lung [18]. This accessory cell was enriched in the
loosely adherent population of lung mononuclear cells
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(LAM) and was significantly more efficient than alveolar
macrophages in the stimulation of an allogeneic mixed
leukocyte reaction (MLR). Although this accessory cell
had properties (Fc receptor negative, poorly phagocytic)
that suggested it was distinct from a classical macro-
phage, further attempts at characterizing this cell were
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hampered by the heterogeneous nature of LAM. Indeed,
the heterogeneity of lung accessory cells had previously
been noted by other investigators using cells from
bronchoalveolar lavage [4,25], and interpretation of in
vitro assays has been complicated by the variability of
alveolar macrophage-induced suppression of T-cell pro-
liferation [15,23]. Thus, it was important to further
enrich the cells with accessory cell function in LAM.

Although the anatomic location of the accessory cells
in LAM remains unproven, previous studies [18,33]
demonstrating accessory cell activity in digested lung
specimens but not in bronchoalveolar lavage suggested
that at least the majority of accessory cells were in the
interstitium. We observed that in the majority of lung
tissues examined, most alveolar macrophages were
brightly autofluorescent, whereas most interstitial HLA-
DR positive cells were not. Utilizing the fluorescence-
activated cell sorter (FACS), LAM were fractionated
into brightly autofluorescent (A pos) and relatively
nonautofluorescent (A neg) populations. A pos cells
were larger with the morphology of classical alveolar
macrophages and were poor stimulators of an MLR.
Conversely, A neg cells were predominantly nonspecific
esterase negative and were extremely potent stimulators
of an MLR compared to both LAM and A pos cells.
Mixing experiments demonstrated that A pos suppressed
allogeneic T-cell proliferation induced by A neg cells.
These results demonstrate that autofluorescence can be
used to separate lung mononuclear cells into populations
with divergent effects on T-cell stimulation. More
importantly, the data demonstrate that potent accessory
cells, largely distinct from classical macrophages, are
present in human lung parenchyma.

MATERIALS AND METHODS
Human Subjects

Grossly normal pulmonary tissue was obtained from
surgical specimens resected from patients with primary
lung carcinoma and from subjects autopsied within 6 hr
of a sudden death. All surgical patients were smokers but
the smoking history for forensic subjects could not be
obtained. No patient had clinical or pathological evi-
dence of active pulmonary infection at the time of
collection of the specimen.

Preparation of cells from lung. Pulmonary mononu-
clear cells were obtained from whole lung by mincing
and enzyme digestion as previously described [18].
Briefly, lung specimens were rinsed with Hanks’ bal-
anced salt solution (HBSS) to remove residual blood.
The tissue was minced and lung fragments digested with
type I collagenase (150 U/ml) and type IIA elastase (10
U/ml, both from Sigma Chemical Co., St. Louis, MO).
The enzyme-digested lung was tapped through a stain-
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less steel screen and separated on a Ficoll-Hypaque
density gradient of 1.079 gm/dl (Ficoll from Sigma
Chemical Co., St. Louis, MO; Hypaque from Winthrop-
Brean, New York, NY). Viability as assessed by trypan

blue was >090%. Differential counts were performed on
Wright-stained smears; 70-75% were large, macro-
phage-like; 20-25% were typical lymphocytes.

Loosely adherent mononuclear cells (LAM) were
obtained from pulmonary mononuclear cells according to
the method of Van Voorhis et al. [31]. Briefly 150-350
X 10° cells were incubated in complete medium con-
taining 10% heat-inactivated fetal calf serum (FCS) on
100 mm tissue culture dishes in aliquots of 20-25 x 10°
cells/dish at 37°C. The nonadherent cells were removed
after 1 hr using three vigorous rinses of HBSS. Nonad-
herent cells represented half of the pulmonary mononu-
clear cells; 30-40% were lymphocytes, 10—20% were
unidentifiable cells, and the remaining cells were macro-
phage-like as determined on Wright-stained cytocentri-
fuge smears. The adherent cells were incubated for an
additional 14-16 hr at 37°C in complete medium
(RPMI) with 10% FCS. The cells that spontaneously
released plus cells dislodged with three gentle rinses with
HBSS are referred to as LAM.

Cell analysis and sorting. Unstained LAM were
analyzed and sorted with a FACSTAR (Becton-Dick-
inson) equipped with a Innova coherent 90 laser. Data
were processed on a Consort 30/HP310 computer sys-
tem. Cell size and internal complexity were analyzed
based on forward and 90° scatter, respectively. Thus,
70-80% of the total cells that were the size of monocytes
or macrophages were in the gates, and lymphocytes and
dead cells were excluded (Fig. 1A). Autofluorescence
was analyzed using an excitation wavelength of 488 nm
and emissions measured using a 585 nm filter. The upper
threshold chosen for the autofluorescent negative cells
was set at the first inflexion of the curve plotting the
number of cells vs autofluorescence and included an
average of 12-20% of the gated population (Fig. 1B).

Preparation of responder peripheral blood T lym-
phocytes. Peripheral blood mononuclear cells from nor-
mal volunteers were obtained on a Ficoll-Hypaque
gradient, washed 3 X in HBSS, and purified as previ-
ously described [14]. Briefly, after adhesion on plastic
culture dishes, nonadherent cells were removed by wash-
ing. Lymphocytes were further depleted of accessory
cells with 5.0 mM L-leucine methyl ester, T cells roset-
ted with 2 aminoethylisothiouronium bromide-treated
sheep red blood cells (SRBC) at 4°C, followed by
sedimentation through Ficoll-Hypaque, and, after lysis
of SRBC with 0.15 M NH,CI, the lymphocytes were
passed through a nylon wool column. Lastly, T cells
were treated with anti-HLA-DR (L243) and baby rabbit
complement.

Separation by Autofluorescence
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Fig. 1. Flow cytometric characteristics of LAM, A neg, and A

pos. Size (forward scatter) and internal complexity (side scatter)
of the LAM population are shown with gates set to exclude dead
cells and lymphocytes (below and to the left of the left corner of

Mixed leukocyte reaction (MLR). LAM, A neg and
A pos cells were irradiated (4,500 rads) in a cesium
source. Various numbers of accessory cells were incu-
bated with purified allogeneic T cells (10°) in 200 pl
medium containing 20% human serum in flat-bottomed
microtiter plates in triplicate or quadruplicate for 6 days
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the rectangle) (A); fluorescence intensity of the three popula-
tions (B); size and cellular complexity of A pos celis (C), and A

neg cells (D) in a postsort analysis.

at 37°C in 95% air/5% CO,. Cultures were treated with
0.5 uCi [*H]thymidine (*HThy, 5.0 Ci/mmol; Amer-
sham Corp., Amersham, UK) 18 hr prior to harvest,
collected with an automated cell harvester, and analyzed
in a liquid scintillation counter. Data were expressed in
counts per minute.
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Fig. 2. Presort analysis of LAM revealed two major patterns of
autofiuorescence. The most common pattern revealed two
populations (A), while occasionally three populations (B), were
observed. In each histogram the left set of arrows denotes the
markers used to select A neg cells, while the right set of arrows
denotes the selection of A pos cells. Histograms have been
electronically smoothed.
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Morphologic and phenotypic analysis. Cytocentri-
fuge smear preparations were Wright stained or tested for
nonspecific esterase activity according to the method of
Yam et al. [34] with an incubation time of 30 min. In our
hands, 30 min of incubation stained the majority of
monocytes strongly positive and alveolar macrophages
intensely positive. Phenotypes were studied utilizing
indirect immunofluorescence on cytocentrifuge smears.
Mouse monoclonal antibodies used were L1243 (anti
HLA-DR) from the cell line 243 originally described by
Lampson and Levy [11], BA, (anti-B-lymphocyte) from
Hybritech, Inc., San Diego, CA, MO, (antimonocyte)
kindly provided by Dr. P.E. Lipsky (UTHSC at Dallas),
and a control mouse IgG monoclonal antibody.

RESULTS

Isolation of Lung Mononuclear Cells by
Autofiuorescence

Flow cytometry was previously utilized to characterize
alveolar macrophages based on autofluorescence in ro-
dents [13]. The method was attractive as a method for
subfractionating LAM obtained from human lung since
the autofluorescence of human alveolar macrophages is
well known. In addition, cells could also be character-
ized according to their size (forward scatter) and internal
complexity (side scatter). LAM were analyzed by setting
gates to exclude dead cells and lymphocytes (Fig. 1A)
and studied for red autofluorescence. Although all cells
within the gates had some degree of autofluorescence
relative to lymphocytes, a distinct population of rela-
tively nonautofluorescent (A neg) cells was generally
clearly apparent from a ‘‘shoulder’’ on the histogram
(Fig. 2A). In the majority of experiments the histogram
revealed two populations although occasionally three
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populations were identified (Fig. 2B). A neg cells were
obtained from the cell sorter by selecting for the least
autofluorescent cells. Brightly autofluorescent cells (A
pos) were obtained from the most autofluorescent cells in
the LAM population. A neg cells constituted from 12 to
20% of the gated LAM whereas A pos cells usually
constituted 60-65% of gated cells. Cells with an inter-
mediate level of fluorescence were discarded by the
FACS.

Following the cell-sorting procedure, a postsort anal-
ysis revealed A neg and A pos populations with less than
1% overlap (Fig. 1B). Analysis of the A pos cells and A
neg cells revealed that A neg had less forward and side
scatter than A pos with minimal overlap (Fig. 1C). Cells
obtained by sorting were >95% viable by trypan blue
exclusion.

Morphology of A neg and A pos cells. When
compared to unfractionated LAM, a difference in the
morphology of A neg cells was apparent. Wright stains
of the LAM population showed the majority of cells to be
similar to alveolar macrophages (Fig. 3a). The A pos
cells had the appearance of large macrophages usually
with intracellular inclusions of carbon and/or hemosid-
erin pigment (Fig. 3b). The A neg cells were smaller,
had few cytoplasmic inclusions, and the majority of cells
had a characteristic convoluted nucleus (Fig. 3c). Many
of the cells demonstrated a perinuclear clear zone.

Nonspecific esterase (NSE) is an enzyme present in
the majority of monocytes or monocyte-derived macro-
phages. NSE staining of the populations revealed that
95% of the A pos cells were NSE positive, whereas only
29% of the A neg cells contained NSE (Table 1).
Comparable staining times for peripheral blood mono-
cytes revealed definite staining of these cells. Thus, the
majority of A neg cells were not classical macrophages.

To function as an accessory cell, Class II major
histocompatibility antigens must be expressed on the cell
surface [5]. Analysis of the populations by immunofluo-
rescent staining revealed that the majority of cells in
LAM, A neg, and A pos populations expressed HLA-DR
and thus had the potential to function as accessory cells
(Table 1). Because B cells are capable of acting as
accessory cells [7], the presence of B cells was deter-
mined. No B cells were present in the A neg population.
Although NSE staining had suggested that the majority
of A neg cells were not macrophages, the smaller size of
A neg cells made it important to determine the relative
frequency of monocytes in the three populations. Stain-
ing for MO,, a marker present on the majority of
peripheral blood monocytes [33], revealed that contam-
ination of the A neg population by monocytes was
minimal and was no different from the A pos cells. Thus,
A neg cells were morphologically distinct from both A
pos and unfractionated LAM and were composed pre-
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Fig. 3. Wright stain of cytocentrifuge preparations of LAM (a), A pos cells (b), and A neg cells (c). A neg cells were smaller and

had a characteristic convoluted nucleus ( x 320).

TABLE 1. Phenotypic Comparison of Cells Obtained in LAM,

A neg, and A pos Populations®
LAM A neg A pos
Nonspecific esterase
positive® 76 = 3 29 * 1 96 + 2
HLA-DR® 822 80 +7 88 *+0
BA,€ (B cells) <1% <1% <1%
MO, (monocytes) 155 61 83

®n = 3.

bCytocentrifuge smears were stained for nonspecific esterase. The
percentage of positive cells among all cells is indicated.

“Cells were stained by indirect immunofluorescence and evaluated by
fluorescence microscopy. Results are expressed as percentage positive
cells above control.

dominantly of HLA-DR positive cells other than classi-
cal macrophages.

Accessory cell function of LAM, A pos, and A neg
cells. The accessory cell function of LAM, A pos, and A
neg cells was compared utilizing an allogeneic MLR. We
had previously shown that LAM were significantly more
potent than alveolar macrophages obtained from bron-
choalveolar lavage in the stimulation of a MLR [18]. In
preliminary experiments over a range of stimulator:
responder ratios, LAM were efficient stimulators of
allogeneic T-cell proliferation (Fig. 4). However, A neg
cells were significantly more potent than an equivalent
number of LAM. Indeed, since approximately 15-20%
of LAM were A neg cells the dose-response curve
suggested that virtually all of the accessory cell function
of LAM was confined to the A neg population. In

c
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Fig. 4. Comparison of LAM, A pos and A neg cells in the
stimulation of an allogeneic MLR. Allogeneic T cells (10%) were
incubated with increasing numbers of accessory cells for 6
days and T proliferation determined by [*H]thymidine incorpo-
ration. A representative experiment is shown. Standard devia-
tion of quadruplicate cultures was <5%.

contrast, A pos cells were poor accessory cells at all
stimulator ratios tested.

Utilizing seven separate populations of lung LAM, A
neg cells were significantly more potent accessory cells
than LAM (Fig. 5). Conversely, A pos cells were
significantly poorer accessory cells than LAM. Thus
separation of LAM into relatively nonautofluorescent
and brightly autofluorescent populations obtained lung
mononuclear cells with either potent or poor accessory
cell function.



o
o
==

(] [~] £
(=] o o
T T T

CPM X 10° (°H) Thy
Incorporation

=5
T
*

|

A neg

—=—
A pos

D LAM

Fig. 5. Comparison of LAM, A pos, and A neg cells in the
stimulation of an allogeneic MLR. Results are shown using 12.5
x 10® accessory cells and 10° T cells. Similar results were
obtained at other stimulator ratios. *p<.001 compared to A pos
cells, tp<.001 compared to LAM. n = 7.

Suppression of T proliferation by A pos cells. One
possibility suggested by the results was that the interme-
diate efficiency of LAM could be partly explained by
suppression of A neg cells by A pos cells. Therefore,
mixing experiments were performed (Table 2). When A
pos:A neg ratios of 2:1 or greater were studied, signifi-
cant suppression of the MLR occurred in the majority of
experiments.

DISCUSSION

In the current study we utilized autofluorescence to
fractionate loosely adherent human lung mononuclear
cells into relatively nonautofluorescent and brightly au-
tofluorescent subpopulations. The subpopulations were
compared to the parent LAM in their ability to induce
allogeneic T-lymphocyte proliferation. The major find-
ings were (1) A neg cells were extremely potent acces-
sory cells compared to unfractionated LAM and A pos
cells. (2) In contrast to both LAM and A pos cells, A neg
cells were predominantly nonspecific esterase negative
and smaller than the majority of alveolar macrophages.
(3) A pos cells were poor accessory cells compared to
LAM and suppressed the T proliferation induced by A
neg cells. Thus, the fractionation of lung mononuclear
cells by autofluorescence resulted in two populations
with distinct immunoregulatory properties.

Autofluorescence has been noted in the alveolar
macrophages of several animal species including man
[20]. Although the precise biochemical mechanism for
autofluorescence is unknown and may vary at different
wavelengths, metabolic changes including reduced nico-
tinamide coenzymes and flavoproteins have been de-
scribed in cells that exhibit autofluorescence [22,26,27].
The utilization of autofluorescence to obtain subpopula-
tions of lung mononuclear cells with differing metabolic
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TABLE 2. Suppression of T-Cell Proliferation by A pos Cells*

T T + T + T +A pos  Suppression

Experiment only Apos Aneg +A neg (%)

1 49 3,028 56,816 12,844 73

2 391 685 67,199 196 97

3 1,403 985 22,860 18,016 21

4 1,464 1,597 30,694 8,154 73
Mean 827 1,574 44,392 9,802 66

+ SEM *412 *601 *12,137 +4,368

*Allogeneic T cells (10%) were cultured with 12.5 X 10° accessory
cells. Results are expressed as cpm of [*H]thymidine incorporation
after 6 days of culture. Mixing experiments utilized 12.5 x 10° A neg
cells plus 25 X 10° A pos cells. LAM, A pos, and A neg cells alone

incorporated <680 cpm.

and functional characteristics has been appreciated by
several other investigators [21,23,24]. Lehnert and col-
leagues fractionated rat alveolar macrophages into mor-
phologically distinct subpopulations based on cytofluo-
rographic properties [13]. In a more recent study,
autofluorescence was used to differentiate among blood
monocytes, alveolar macrophages, and interstitial
macrophages [3].

The heterogeneity of accessory cells obtained by
bronchoalveolar lavage had been noted by several previ-
ous investigators who utilized density gradients to study
accessory cell subpopulations from rats and man [4,25].
In previous studies from our laboratory a potent acces-
sory cell was obtained from human lung parenchyma that
was not apparent in bronchoalveolar lavages [33]. Cir-
cumstantial evidence suggested that this accessory cell
was not a classical macrophage: the cell was enriched in
loosely adherent populations, was poorly phagocytic,
and appeared to be Fc receptor negative [18]. However,
overall the LAM population could not be distinguished
morphologically from alveolar macrophages, and a
method was sought to enrich for the potent accessory
cell. Initially Percoll gradients were used to fractionate
LAM. Although accessory cell function was enhanced in
denser subpopulations, the subpopulations defined by
density remained morphologically heterogeneous.

It was hoped that the A neg population would consist
predominantly of interstitial cells. Indeed a recent study
demonstrated that interstitial macrophages, as compared
to alveolar macrophages, were less autofluorescent [3].
However, the exact anatomic location of our A neg cells
is unproven. Preliminary studies have suggested that less
than 1-2% of unfractionated bronchoalveolar lavage
have cytofluorographic properties consistent with the A
neg cells. Thus A neg cells may be present in normal
bronchoalveolar lavage though they appear to be rare.
Our results suggest the relatively poor accessory cell
function of bronchoalveolar lavage cells may reflect
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suppression of the relatively rare A neg cells by large
numbers of A pos macrophages present in lavage.

The identity of the A neg cells is uncertain. We
previously determined LAM did not contain B cells,
Langerhans cells, or endothelial cells [18]. In the current
study, it is apparent that A neg cells contain few
monocytes, typical macrophages, or B cells. Although
dendritic cells have many of the properties of A neg cells
[28,31], further characterization of the A neg population
will be required before the relationship of dendritic cells
and A neg cells is clear. This is a difficult problem since
there is no specific marker for human dendritic cells.
Another problem is that Ia positive, dendritic cells with
potent accessory cell function appear to have different
surface markers depending on their anatomic location.
For example, murine Langerhans cells from the skin
were Fc receptor positive, bore the macrophage antigen
F4/80, and demonstrated Birbeck granules and NSE
[23]. These properties were all rapidly lost in culture and
the cell acquired the phenotype of mature splenic den-
dritic cells and became more potent accessory cells. In
mouse lungs, NSE negative, Ia positive tracheal epi-
thelial dendritic cells which were potent accessory cells
were Fc receptor and Mac/positive in contrast to splenic
dendritic cells which do not bear either of these markers
[24].

Thus, it is quite possible that HLA-DR positive
dendritic cells in the lungs of man may not bear the same
phenotypic markers of those described in the peripheral
blood of man [19]. Nevertheless, the Wright stain
morphology of our lung cells is remarkably similar to a
distinctive NSE negative dendritic cell isolated from
human peripheral blood by Rasanen and co-workers who
describe their cells as having the appearance of small
monocytes, but with more basophilic cytoplasm and a
perinuclear clear area [19]. Our cells demonstrated a
more convoluted nucleus than the dendritic cells of this
group, a feature not typical of peripheral blood mono-
cytes.

The role of the pulmonary interstitium as a primary
site for the generation of an immune response is contro-
versial. Under normal circumstances, hilar lymph nodes
are likely the predominant organ involved in primary
immune responses to inhaled or aspirated foreign anti-
gens [10]. However, accessory cells located in the
interstitium may play an important role in the initiation
of secondary immune responses against pathogenic or-
ganisms [8,17]. The involvement of the pulmonary
interstitium in diseases characterized by an expansion of
lymphocytes in the lung, such as sarcoidosis or hyper-
sensitivity pneumonitis, also suggests that immune re-
sponses can occur in lung parenchyma [6,12]. The
current study suggests that alterations in the quantitative
and anatomic relationships between A neg and A pos

cells could be involved in immune-mediated lung dis-
ease. Studies with cells from bronchoalveolar lavage
using the cytofluorographic techniques described in this
report may be valuable in understanding the pathogenesis
of these diseases.

The relative homogeneity of the A neg and A pos
populations provides the opportunity to disect the regu-
lation of immune responses in human lung. The ability of
A neg cells to produce cytokines such as interleukin-1
may be important in understanding the function of these
cells and is a promising area of investigation. Indeed the
enhanced stimulation of the MLR by A neg cells could
result from increased release of IL-1 by the A neg
population. Conversely, the mechanisms responsible for
the poor accessory cell function of A pos cells and
alveolar macrophages [16] merit further study. Both the
mechanism of suppression by A pos cells and the target
of suppression (i.e., A neg cells, T cells, or both) remain
to be determined. In addition, the ability of A neg cells
to function as accessory cells for antigen-induced lym-
phoproliferation remains to be established.

In summary, fractionation of human lung mononu-
clear cells based on autofluorescence obtains populations
of cells with divergent effects on T-cell responses.
Application of this technique should prove useful in
understanding the regulation of immune processes in
human lung.
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