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The effects of pulmonary surfactant on the morphology and functioning of young macro-
phages were studied on the model of monocyte/macrophage differentiation in vitro and on 
macrophages of the bronchial alveolar lavage fl uid. Surfactant is not a differentiation inductor, 
but it stimulated the maturation and phagocytic activity of young macrophages. The stimula-
tory effect of surfactant on phagocytic activity of macrophages persisted even after its removal 
from the culture medium.
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Pulmonary surfactant (PS) is a membrane complex 
of phospholipids (80-90%), proteins (8-10%), and 
carbohydrates (2-4%) on the inner lining of alveoli 
maintaining the respiratory biomechanics and pre-
sumably involved in reactions of congenital and ac-
quired immunity [2,3,7,11]. During development of 
an infectious infl ammation in the lungs, for example, 
in tuberculosis, functional activity of macrophages is 
maintained at a suffi ciently high level for as long as 
the level of PS in the alveoli remains high [2]. Disor-
ders in its production by type 2 alveolocytes lead to 
accumulation of young immature mononuclears with 
underdeveloped lysosomal system without signs of 
phagocytosis. On the other hand, drug stimulation of 
endogenous production of pulmonary phospholipo-
proteins or inhalations of native PS by experimental 
animals lead to normalization of macrophage reac-
tions of the lungs [6]. Studies of the direct effects of 
PS on mononuclear phagocyte differentiation and/or 
maturation are practically important, because func-

tional inertness of these cells promotes long-term 
extracellular persistence of Mycobacterium tubercu-
losis and is responsible for ineffi ciency of etiotropic 
therapy [1].

We studied the effects PS on the morphology and 
functions of monocytes/macrophages. The tasks of the 
study were as follows: 1) to evaluate the possibility 
of induction of monocytic cell differentiation by PS; 
2) to detect structural characteristics of macrophageal 
cell population in the presence of PS; 3) to evaluate 
the effects of PS on phagocytic activity, lysosomal 
compartment status, and phagosome formation in mac-
rophages; and 4) to evaluate the prolonged effect of PS 
on phagocytic activity of macrophages.

MATERIALS AND METHODS

Continuous cultures of human acute monocytic leu-
kemia THP-1 cells and bronchoalveolar lavage fl uid 
(BAL) macrophages obtained from patients with ac-
tive disseminated pulmonary tuberculosis were used 
in the study. Monocytes were cultured on slides in 
2-ml Petri dishes in RPMI-1640 with 10% FCS at 5% 
CO2. Differentiation of monocytes into macrophages 
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in vitro was induced by adding phorbol ether (PE) in 
a concentration of 107 M (Sigma).

The effects of PS on macrophage differentiation 
were studied using a natural surfactant, Surfactant-BL 
(SBL; Biosurf), which was added to the culture medi-
um in a concentration of 1 mg/ml for 24 h, after which 
it was removed from the culture medium and the cells 
were incubated for 3 days from the beginning of treat-
ment. Untreated THP-1 culture and THP-1 culture 
treated with PE without SBL served as controls. The 
morphology of monocytes adhering to the glass was 
studied using standard hematoxylin and eosin staining. 
The cells were counted in 100 visual fi elds selected at 
random in 2 independent experiments.

For evaluation of phagocytic activity of macro-
phages, FITC-labeled latex beads (FluoSchere) were 
added to the culture medium for 2 h. The cells were then 
fi xed for 20 min in 10% paraformaldehyde in phosphate 
buffer (pH 7.2-7.4), poststained with DAPI nuclear stain, 
and examined under a SPE Leica confocal microscope.

Macrophages from BAL were examined under an 
electron microscope after 45-min exposure with SBL 
(1 mg/ml). After exposure, the tubes with cells were 
centrifuged, the supernatant was discarded, and cell 
precipitate was fi xed (60 min) in 2.5% glutaraldehyde 
in 0.1 M cacodylate buffer (pH 7.2-7.4), postfi xed (40 
min) in 1% OsO4, dehydrated in ascending alcohols, 
and embedded in epoxy resin. Ultrathin sections were 
contrasted with uranyl acetate and lead citrate and 
examined under a JEM-100B electron microscope.

For evaluation of phagocytic activity, the cell 
population was divided into 2 subgroups: cells with-
out latex particles or containing just solitary particles 
(subgroup 1) and cells with the cytoplasm fi lled with 
latex beads (subgroup 2). The cells were counted in 
100 fi elds of view selected at random.

Statistical differences in the data were calculated 
by variability analysis after evaluation of Student’s 
coeffi cient. The differences were considered signifi -
cant at p<0.05.

Fig. 1. Effects of SBL on THP-1 culture (3 days of culturing, hematoxylin and eosin staining, 2000). a) control: few adhesive cells; b) addi-
tion of 1 mg/ml SBL, few adhesive cells; c) differentiation into macrophages after addition of 107 M PE; d) differentiation into macrophages 
after addition of PE (107 M) and SBL (1 mg/ml), increase in the counts of cells with processes and multinuclear cells.
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RESULTS

After PE induction of THP-1 cells the overwhelming 
majority of suspended monocytes adhered to the sub-
strate as early as after 24 h. By day 3, monocyte-like 
cells and fl attened macrophages with processes were 
seen on slides; multinuclear cells appeared. If SBL 
was added to the culture medium simultaneously with 
PE, the count of monocyte-like cells was 1.5 times 
lower, while that of fl attened polar cells was 1.3 times 
higher (Table 1); many of these cells had long pro-

TABLE 1. Effects of SBL on Phenotype of Macrophage Cells from THP-1 Human Monocytes (M±m)

Group
Monocyte-like 

cells, %

Flattened 
nonpolar 
cells, %

Flattened polar cells, %
Multinucleated 

cells, %
total >80 μ long

THP-1+PE (control) 31.3±3.7 43.1±0.1 25.6±3.9 8.6±3.9 2.7±0.7

THP-1+PE+SBL (1 mg/ml) 19.8±0.2* 48.2±3.1* 32.1±3.4 20±0.1* 5.4±0.9*

Note. *p<0.05 in comparison with the control.

cesses (Fig. 1, d). The number of bi- and trinucleated 
cells increased 2-fold. It should be noted that without 
PE the SBL exhibited no appreciable effect on the 
adhesion of THP-1 cells: just solitary cells adhered 
to the substrate (Fig. 1, b), their little number makes 
quantitative analysis impossible.

Hence, PS does not induce monocyte differentia-
tion into macrophages, but it directly infl uences the 
modifi cation of the morphological status of “young” 
macrophages by stimulating their fl attening and forma-
tion of processes.

Fig. 2. Ultrastructure of BAL macrophages in patients with 
pulmonary tuberculosis, transmission electron microscopy. 
a) “young” macrophage without signs of phagocytosis 
containing primary lysosomes, 19,000; b) SBL annular 
membranes (arrows) on the surface and in numerous 
phagosomal vacuoles of a “young” macrophage, 28,000; c) 
fragment of a mature macrophage cytoplasm with numerous 
primary and secondary lysosomes, 34,000.
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For evaluation of the effects of SBL on matura-
tion of “young” macrophages, we carried out elec-
tron microscopic study of cells from BAL of patients 
with active tuberculosis, where the content of these 
cells did not exceed 40% [5] and they have no ul-
trastructural signs of phagocytic activity (Fig. 2, a). 
They have some plasmalemmal microprocesses and 
well-developed elements of the Golgi system, where 
primary lysosomes are concentrated; no phagocytic 
vacuoles are detected.

Addition of SBL to BAL fl uid caused:
• reduction of the level of non-phagocytic mac-

rophages to 25%;

• activation of the cell surface, appearance of 
numerous microprocesses and pseudopodias, 
directed to the adjacent annular membranes 
of SBL, appearance of these membranes in 
phagosomal vacuoles (Fig. 2, b);

• stimulation of the lysosomal system in young 
and mature phagocytes: apearance of large 
(0.2 μ) phagolysosomes in the cytoplasm, 
which was not characteristic of the control 
group (Fig. 2, c).

In order to evaluate the persisting stimulatory ef-
fect of SBL on macrophages, we studied the phago-

Fig. 3. THP-1 culture treated with 107 M PE (a, b) and 1 mg/ml SBL (c, d). a, b) diffuse distribution of latex beads in the cytoplasm; c, 
d) uneven accumulation and distribution of latex beads in the cells. FluoSphere, DAPI staining, superposition with phase contrast, 100.
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cytosis of cells derived from THP-1 48 h after SBL 
stimulation. The level of cells with cytoplasm fi lled 
with latex increased to 14±0.6% (vs. 8.6±0.5% in the 
control).

In the control cells, latex beads were distributed 
mainly diffusely in the entire cytoplasm or formed 
clusters near the plasma membrane (Fig. 3, a, b). This 
was characteristic of large fl attened cells and of small 
monocyte-like cells. After SBL stimulation of cells, 
latex particles usually formed groups and aggregations 
located in the perinuclear region and at the cytoplasm 
periphery or intensely fi lled the entire cytoplasm (Fig. 
3, c, d). Phagocytic cells with processes were char-
acterized by intense fi lling of the cytoplasm by latex 
beads along the entire length of processes (Fig. 3, d). 
This experiment showed that high phagocytic activ-
ity of macrophage cells persisted even 48 h after cell 
stimulation with SBL.

Hence, we have shown on the model of macro-
phages from THP-1 human monocyte culture and on 
the BAL material from patients with pulmonary tu-
berculosis that PS being not the inductor of macro-
phage differentiation directly infl uences maturation 
and phagocytic activity of macrophage cells. Other 
authors also observed the effects of various PS prepa-
rations on macrophage differentiation on the models 
of blood monocytes [9] and normal animal alveolar 
macrophages [10].

Importantly, the stimulatory effect of PS on pha-
gocytic activity of macrophage cells persisted even 
after SBL removal from the medium. The preparation 
stimulates phagocytosis in macrophages and the ap-
pearance of more numerous lysosomes in the macro-
phage cytoplasm and (which is particularly important) 
of phagolysosomes, that is, promotes more complete 
phagocytosis. This is confi rmed by good results of 
PS use in phthisiological practice: addition of SBL to 
protocols of etiotropic therapy led to normalization of 
the lung macrophage formula [5] and to reduction of 
the bacterium isolation from patients with active tuber-

culous process [6]. Stimulation of phagosome fusion 
with lysosomes can be due to the presence of SP-D 
protein in SBL (this protein stimulates phagolyso-
some formation in human macrophage cells infected 
with M. tuberculosis [8]). Another apoprotein, SP-A, 
stimulates absorption of PS phospholipids by alveolar 
macrophages [7].

We think that the stimulatory effect of SBL on 
the function of the macrophage cells can be also due 
to improvement of the bioenergetics of cells utiliz-
ing PS material as the main substrate for oxidative 
phosphorylation [4] and as a membrane intermediate 
product for rapid enlargement of the plasmalemma 
surface and for formation of the lysosomal system.
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