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Abstract
Pulmonary surfactant has been shown by
this group to suppress peripheral blood
lymphocyte responses to mitogens and
alloantigens in a dose dependent manner,
though the mechanism of action of the
suppressive effect is not clearly under-
stood. To try to clarify this, attempts
were made to reverse the effects of pre-
incubation with surfactant, obtained by
bronchoalveolar lavage from pigs, on
lymphocytes and accessory monocytes
obtained from the blood of normal
volunteers, by washing and incubating
the cells in medium alone for various
periods up to 24 hours. Immunosuppres-
sion, measured as the reduction in
thymidine incorporation in response to
the mitogen phytohaemagglutinin, could
not be reversed by these methods. The
addition ofindomethacin (up to 100 ig/ml
for 72 hours) also had no effect, indicating
that the immunosuppression was not
related to synthesis of prostaglandins.
Incubation with surfactant for as little as
two hours before addition of mitogen
suppressed in vitro lymphoproliferative
responses by half, but surfactant added
two hours after mitogen had no observed
effect. Preincubation of purified lym-
phocytes in surfactant, before they were

cultured with accessory monocytes and
mitogen, caused significant suppression
ofresponse, but preincubation ofpurified
monocytes had no suppressive effect.
There was no change in the intensity of
HLA-DR expression on monocytes. These
results support the hypothesis that
surfactant exerts its effects on the resting
uncommitted lymphocyte rather than on
antigen presenting monocytes.
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An immunoregulatory role for surfactant
would be potentially beneficial in vivo in
protecting the delicate gas exchanging regions
ofthe lung from unwanted immune reactions to
inhaled particles and microorganisms. We have
previously reported an immunosuppressive
function for normal pulmonary surfactant from
man, pig, and rabbit in vitro.' Similar in vitro
suppressive effects have been reported for
canine pulmonary surface active material and
for serum lipoproteins.2A These effects, which
are dose dependent and species independent,
are observed for a range of specific primary
immune responses: lymphoproliferation in res-

ponse to mitogens and alloantigens, B cell

3

immunoglobulin production, and natural killer
cell cytotoxic function.56 Whereas the major
surfactant components, phosphatidyl choline,
phosphatidylglycerol and phosphatidylinositol
exert similar suppressive effects on lympho-
proliferation, some of the lesser components-
phosphatidylethanolamine, sphingomyelin,
and cholesterol-have been shown to augment
lymphoproliferative responses under certain
conditions.7 Thus the role of surfactant in
regulating local immune responses in vivo may
be determined by the relative proportions of
"suppressive" and "stimulatory" lipid
components, and these may be altered in
various pulmonary diseases.8

Despite the potential importance of these
effects, several important questions remain
unanswered. Firstly, the mechanism of surfac-
tant induced immune suppression has not been
adequately examined, and we do not know
whether the effect can be reversed. Secondly, it
is not clear whether surfactant exerts its
suppressive effect on the antigen presenting
cell or the responding lymphocyte. This
information is needed before we can consider
whether therapeutic manipulation of the
surfactant system might benefit patients with
inflammatory lung diseases.

Alveolar macrophages function relatively
poorly as accessory cells in vitro.9 10 The
importance of local influences such as

pulmonary surfactant in determining why
alveolar macrophages behave in this way has
received little attention. Curtiss et all" have
shown that low density lipoprotein in serum

exerts its suppressive effects on the responder
lymphocyte rather than the stimulator lym-
phocyte or accessory cell macrophage in mixed
lymphocyte cultures. Whether pulmonary
surfactant can exert an effect on the function of
accessory cells as well as responder cells, and
whether this might partly explain the poor

accessory cell function of alveolar macro-
phages, is not known. We sought to examine
this in a manner similar to Curtiss et al," using
a mitogen driven system, and we also looked at
monocyte MHC class II region product
expression after incubation with surfactant
because of the important role of these cell
surface molecules in T cell recognition of
antigens.
The aim of this study therefore was, firstly,

to examine in greater detail the immuno-
suppressant effects of pulmonary surfactant
and in particular to explore at what stage of
cellular activation surfactant exerts its effects;
secondly, to determine whether the effects can

be reversed by washing or by indomethacin;
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and, thirdly, to explore whether the lym-
phocyte or the accessory monocyte is the target
cell for suppression.

Methods
PURIFICATION OF SURFACTANT
Bronchoalveolar lavage fluid from three pigs
was subjected to methanol chloroform extrac-
tion and reconstituted by ultrasonication into
medium as previously described.' This
preparation, which contains the normal lipid
components in proportions generally accepted
for pulmonary surfactant,'2 has been shown to
have surface active properties." The phospho-
lipid profiles of the surfactant from each pig
were determined with a one dimensional thin
layer chromatography system to separate the
individual phospholipids, followed by charring
and quantitation by reflectance densitometry'
(table). Phosphatidylcholine and cholesterol
were obtained from a commercial source
(Sigma) and also reconstituted as previously
described.7

PREPARATION OF PERIPHERAL BLOOD
LYMPHOCYTES
Whole blood was obtained from healthy adult
volunteers and separated on Ficoll-Hypaque as
previously described' and the peripheral blood
mononuclear cells were resuspended in serum
free medium (RPMI) containing the following
additives: selenium (6 25 ng/ml), transferrin
(6 25 ig/ml), insulin (6-25 pg/ml), linoleic acid
(5 35 ,ug/ml), bovine serum albumin (1 25 mg/
ml). For use in the accessory cell experiments
blood mononuclear cells were further
separated into pure lymphocyte (Ly) and pure
monocyte (M) populations as follows. After
adherence for one hour in serum free medium
in polystyrene flasks to allow attachment of
monocytes, the non-adherent cells (mainly
lymphocytes) were aspirated, washed twice and
incubated with sheep red blood cells (treated
with 2-aminoethylisothiouronium) for 20
minutes at 37°C to allow rosette formation
with the T lymphocytes. The cells were then
centrifuged at 300 g for 10 minutes and placed
on ice for one hour. The pellet was then gently
resuspended and layered over Ficoll-Hypaque
before being centrifuged at 500 g for 20
minutes. The upper layers were discarded and
the pellet containing rosetted T lymphocytes
was resuspended in 10 mM ammonium
chloride for five minutes to lyse the sheep red
blood cells. After red cell lysis the T lympho-

Phospholipid profiles of surfactant from three pigs used in
the experiments

Pig No
Mean

Phospholipid ( j,) 1 2 3 (SD)

Lysophosphatidylcholine 0 12 8 7 (6)
Sphingomyelin 22 9 11 14 (7)
Phosphatidylcholine 50 62 60 57 (6)
Phosphatidylinositol 11 0 5 5 (5)
Phosphatidylserine 0 0 0 0
Phosphatidylethanolamine 4 2 3 3 (1)
Phosphatidylglycerol 13 15 13 14 (1)
Cardiolipin 0 0 0 0

cytes were washed three times, resuspended in
serum free medium, and incubated in a nylon
wool column for 45 minutes at 37°C to remove
any residual contaminating adherent cells. The
column was then flushed three times with
warmed medium and the recovered lympho-
cytes were counted and resuspended in
medium. The adherent layer of monocytes in
the polystyrene flasks was washed four times
and the cells were gently removed with a
rubber policeman and resuspended in medium.
The purity of both populations was tested by
non-specific esterase staining and monoclonal
antibody labelling (Leu 4, pan-T cell; Leu 12,
pan-B cell; and HLA-DR from Becton
Dickinson) with subsequent analysis using a
fluorescent activated cell sorter (FACS IV
Becton Dickinson). The purity of the mono-
cyte population on the basis of non-specific
esterase staining was over 8700; it also
contained < 80 Leu 4 and > 700o HLA-DR
positive cells. The lymphocyte population
contained > 99-9°0% lymphocytes on the basis of
non-specific esterase and > 820% Leu 4, < 100
Leu 12 and < 5% HLA-DR positive cells. Cell
viability was assessed by trypan blue exclusion.

EXPERIMENTAL PROCEDURES
Preincubation cultures
Peripheral blood mononuclear cells (0 5 x 106
cells/ml) were preincubated with phyto-
haemagglutinin (0 5 ,ug/ml) before the addition
of surfactant lipids (01 mg/ml) or with
surfactant and then washed twice before the
addition of phytohaemagglutinin. The cells
were preincubated for varying lengths of time
with either substance (2, 4, 8, 12 hours).
Control cultures contained phytohaemag-
glutinin alone or phytohaemagglutinin and
lipids for the duration of the culture. The
concentration of phytohaemagglutinin used in
these experiments (0-5 ,ug/ml) had previously
been found to cause optimal lymphoprolifera-
tion. All cultures were conducted in triplicate
in 6 ml polypropylene tubes (Falcon 2063).
Each culture contained 0 5 x 106 cells in 1 ml of
serum free medium plus antibiotics (penicillin
100 IU/ml, streptomycin 100 pg/ml) and were
labelled with tritiated thymidine (37 KBq) 18
hours before harvesting. Seventy two hours
after the addition of phytohaemagglutinin the
cell suspensions were divided into aliquots of
200 pl in 96 well microtitre plates and harvested
with an Ilacon harvester. The results of counts
from triplicate cultures varied by less than 1500,
from the mean value for each subject.

Reversibility of surfactant induced suppression
Peripheral blood mononuclear cells (0 5 x 106
cells/ml) were incubated in serum free medium
containing surfactant lipids (0- 1 mg/ml) for
four hours. The cells were then washed twice
and reincubated in serum free medium alone
for varying lengths of time (4, 12, 24 hours)
before the addition of phytohaemagglutinin.
For comparison cultures were also performed
without the washing step, the lipids remaining
for the duration of culture after the addition of
phytohaemagglutinin after four hours' pre-
incubation. Peripheral blood mononuclear
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cells were also preincubated in either phos-
phatidylcholine or cholesterol for four hours,
washed twice, then incubated in the other lipid
for four hours and washed twice before the
addition of phytohaemagglutinin. The cells
were harvested 72 hours after the addition of
phytohaemagglutinin to the cultures as
previously described. Control cultures with or
without surfactant lipids were incubated with
phytohaemagglutinin for 72 hours without any
preincubation or washing steps. Cells were
recounted after the two washing steps and
greater than 900°O recovery was always
observed.

Effect of indomethacin
Peripheral blood mononuclear cells (0 5 x 106
cells/ml) from three subjects were cultured in
either phosphatidylcholine (0 2 mg/ml) or sur-
factant lipids (0-2 mg/ml) together with
optimal phytohaemagglutinin (0 5 ,ug/ml) and
increasing concentrations of indomethacin (1,
10, 100 pgIml, Sigma). Cultures were per-
formed in both serum-containing and serum
free medium and harvested at 72 hours as
above.

Surfactant effects on monocytes and lymphocytes
Pure lymphocytes (Ly) and pure monocytes
(M) were cultured separately overnight in the
presence (Ly +, M + ) or absence (Ly -, M - )
of surfactant lipids (0- 1 mg/ml). After washing
three times, monocytes preincubated with
(M + ) or without (M - ) surfactant were added
to lymphocytes preincubated with (Ly +) or
without (Ly -) surfactant in a ratio of 1:5,
making a total of 0 6 x 106 cells/ml in serum
free medium. Four sets of cultures were per-
formed: Ly+ M+, Ly+ M-, Ly- M+,
Ly - M -. Lymphocytes were also cultured
alone to determine the accessory cell depen-
dence of the system. All cultures were per-
formed in triplicate in the presence of optimal
phytohaemagglutinin and continued for 72
hours as above. Results were expressed as
percentages of the proliferation in the control
cultures without surfactant (Ly - M -).

STATISTICAL ANALYSIS
Results for pairs of related samples were com-
pared by means of the Wilcoxon matched pairs
signed ranks test. Values of p of 0 05 or less
(two tailed) were accepted as significant.

Results
PREINCUBATION CULTURES
Spontaneous uptake of tritiated thymidine in
control cultures of peripheral blood mono-
nuclear cells without phytohaemagglutinin was
not significantly different in the presence and
in the absence of added surfactant lipids.
Culture of peripheral blood mononuclear cells
in surfactant lipids for as little as two hours
before the addition of mitogen resulted in
substantial suppression of the proliferative re-
sponse to phytohaemagglutin-to less than half
of the proliferation obtained in control lipid
free cultures not subjected to the preincubation
steps (fig 1). This was equivalent to the level of.

Thymidine
incorporation as
% of control PHA

response
100 -'

SO -

O_
I I I

0 2 4 8 12

HOURS PREINCUBATION

Figure I Effect on the lymphoproliferative response to
the mitogen phytohaemagglutinin (PHA, 05 sg/ml) of
preincubating peripheral blood mononuclear cellsfrom
four subjects for 4, 12, or 24 hours either with surfactant
lipids before the addition ofphytohaemagglutinin ( * ) or
with phytohaemagglutinin before the addition of
surfactant lipids (0). Results were calculatedfor each
subject as percentages of the phytohaemagglutinin induced
proliferation obtained in lipidfree control culturesfor the
same subject, which were not subjected to preincubation
steps. Thefigure shows the mean (SEM) percentage of
the control responsefor the group at each time point.
(The mean (SEM) thymidine incorporation for the lipid
free control cultures was 8367 (1838) cpm with
phytohaemagglutinin and 912 (389) cpm without
phytohaemagglutinin.)

suppression seen if surfactant was added with
phytohaemagglutinin at 0 hours and continued
throughout culture. If, however, surfactant
was added two hours or more after the addition
of phytohaemagglutinin to the cultures no
suppression was observed (fig 1). Cell viability
was not affected by addition of surfactant. to
cultures.

REVERSIBILITY OF SURFACTANT AND LIPID
EFFECTS
The suppressive effects of surfactant were not
reversed significantly by washing and incuba-
tion in medium alone for 4, 12, or 24 hours
(points 3, 4, and 5 on the horizontal axis of fig 2)
when compared with the lipid containing cul-
tures set up without washing (first and second
points on the horizontal axis; Wilcoxon mat-
ched pairs signed ranks test). There was a
tendency, though it was not significant,
towards increasing responses to phytohaemag-
glutinin after 12 and 24 hours (fig 2). Incuba-
tion of cells with phosphatidylcholine for four
hours resulted in suppression of the phyto-
haemagglutinin response that was not reversed
by reincubation in cholesterol. Conversely, the
stimulatory effect of cholesterol4 was only
variably observed after a four hours' incuba-
tion; any possible effect ofphosphatidylcholine
in reversing the stimulatory effect of choles-
terol could not be determined in these
experiments.

EFFECT OF INDOMETHACIN
Addition of indomethacin to serum free cul-
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Thymidine
incorporation as
% of control lipid
free PHA response

100-

tures containing surfactant (0-2 mg/ml) did not
reverse the suppressive effect of surfactant but
caused additional suppression with increasing
amounts of added indomethacin (fig 3).
Similarly, the addition of indomethacin to
cultures containing phosphatidylcholine
(2 mg/ml) in serum containing medium also
caused more suppression than occurred in the
cultures containing phosphatidylcholine alone
(fig 3). Indomethacin itself was also found to
cause some suppression of the lymphocyte
response to phytohaemagglutinin in serum free
cultures without added lipid (in the presence of
1, 10, and 100 Mg/ml indomethacin, the re-
sponse to phytohaemagglutinin was 70,O)
68%, and 14% of the response of control,
indomethacin free cultures; data not shown in
fig 3). Cell viability was not affected by the
indomethacin or lipids.

0-

Oh
PHA +
lipids

4h
lipids
no

wash

4h
lipids
4h

medium

4h
lipids
12h

medium

4h
lipids
24 h

medium

BEFORE THE ADDITION OF PHA

Figure 2 Graph showing that washing (points 3, 4 and 5 on the horizontal axis) did
not significantly reverse the suppressive effect of surfactant lipids (four hours prior
incubation) on the proliferative response ofperipheral blood mononuclear cells to the
mitogen phytohaemagglutinin (PHA, 0 5 pg/ml) (point 2 on the horizontal axis) (4
subjects, Wilcoxon matched pairs signed ranks test). Results were calculatedfor each
subject as percentages of the proliferation achieved with control peripheral blood
mononuclear cellsfor the same subject not exposed to lipids or subjected to washing and
incubation steps. Thefigure shows the mean (SEM) percentage control response for the
group at each point studied. (The mean (SEM) thymidine incorporationfor the lipid
free control cultures was 19694 (4726) cpm with phytohaemagglutinin and 1008 (360)
cpm without phytohaemagglutinin.)

SURFACTANT EFFECTS ON PURE MONOCYTES AND
PURE LYMPHOCYTES
The phytohaemagglutinin response of cultures
in which monocytes but not lymphocytes were
preincubated in surfactant lipids (Ly - M+ )
was no less than the response in control
cultures in which neither lymphocytes nor

monocytes had encountered surfactant (Ly -
M- ) (fig 4). The response of cultures in which
lymphocytes but not monocytes had been
preincubated with surfactant (Ly + M - ),
however, was significantly less than that of
control cultures (p = 0 01, Wilcoxon matched
pairs signed ranks test). The degree of

Thymidine
incorporation as

% of
indomethacin free
PHA response

50-

254

% Control PHA
response (Ly-M-)

11 l
I I I I

LIPID 1 10 100
ALONE

INDOMETHACIN CONCENTRATION (ug/ml)

Figure 3 Effect of indomethacin on the suppressive
effects of surfactant lipids, 0-2 mg/ml (0), or
phosphatidylcholine, 2 mg/ml (0), on the proliferative
response ofperipheral blood lymphocytes to the mitogen
phytohaemagglutinin (PHA, 0-5 pg/ml) (n = 3). The
results were calculatedfor each subject as percentages of
the phytohaemagglutinin induced proliferation achieved
in control culturesfor the same subject not exposed to
lipids or indomethacin. The figure shows the mean
(SEM) percentage control responsefor the group at each
point. (The mean (SEM) thymidine incorporation for
the lipid and indomethacin free phytohaemagglutinin
control cultures was 32193 (9339) in serumfree medium
and 21584 (4752) in serum containing medium.)

0

0

0

0

0~~~

Ly-M. Ly+M. Ly+M-

Figure 4 Effect of separately preincubating purified
lymphocytes (Ly) and/or monocytes (M) (accessory
cells) with surfactant (Ly + , M+) or without surfactant
(Ly -,M-) before mixing them to test their
proliferative response to phytohaemagglutinin (PHA) in
eight subjects. Results are expressed as percentages of the
phytohaemagglutinin induced proliferation obtained in
control cultures without surfactant contact (Ly - M -)

for each subject. The reduction in response in the Ly +
M+ and Ly + M- groups compared with controls was
significant (p = 0 01, Wilcoxon matched pairs signed
rank test). (The mean (SEM) thymidine incorporation
for the lipidfree control cultures was 11 753 (2646) cpm
with phytohaemagglutinin and 605 (178) cpm without
phytohaemagglutinin.)
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suppression was similar to that in cultures
where both lymphocytes and monocytes had
been preincubated with surfactant (Ly + M +)
(mean % suppression 60 (SEM 6) compared
with 63 (4)), suggesting that lymphocytes but
not monocytes were affected by preincubation
with surfactant (fig 4). Cultures oflymphocytes
in the absence of monocytes responded only
minimally to phytohaemagglutinin, con-
firming the accessory cell dependence of the
system.
There was no change in the percentage

HLA-DR expression of the monocyte
population after culture in surfactant (mean 86
(SD 5) compared with 87 (5)).

Discussion
These results suggest that pulmonary surfac-
tant exerts a largely irreversible suppressive
influence at an early stage in the initiation of
lymphoproliferation in vitro as both washing
and reincubating in fresh medium failed to
overcome the effects of surfactant. Once a cell is
committed to entry into the cell cycle and
proliferation, however, surfactant has no sup-
pressive effect, as shown by those experiments
in which surfactant was added after contact of
the cells with mitogen. Moreover, the suppres-
sive effect seems wholly directed at the lym-
phocyte, because the accessory cell (monocyte)
in these experiments was not affected by
incubation with surfactant, nor was there any
change in expression of MHC class II (HLA-
DR) antigens. These experiments do not
therefore support a role for surfactant in
depressing the observed in vitro accessory cell
function of alveolar macrophages.
We acknowledge that the mitogen driven

system used in these experiments does not
specifically examine antigen processing and
presentation. Accessory cells, however, are
required for lymphocyte responses to mitogen
and they cannot be replaced by adding exogen-
ous interleukin 1 to culture. 14 15 Intact accessory
cells may be necessary to provide a matrix
facilitating the cross linking of T cell surface
receptors by phytohaemagglutinin as cell to cell
contact is required for interleukin 2 respon-
siveness.'6 We went to great lengths to exclude
accessory cells from the pure lymphocyte
population and have shown that the system is
dependent on accessory cells. A mitogen driven
system was used for two reasons: firstly, the
lymphocyte responses to mitogen are greater
and more consistent than with antigen and,
secondly, it was essential that the cultures were
performed in serum free culture medium to
avoid any effects from serum lipids. Such
medium will support lymphocyte responses to
a far smaller extent than medium containing
serum and optimally for generally less than
four or five days. Thus the overall responses to
antigen under such conditions are likely to be
variable.

Indomethacin was added to cultures in an
attempt to determine whether surfactant might
be stimulating the production of metabolites of
the arachidonic acid pathway, such as pros-
taglandin ED, by monocytes, and whether these

products might be mediating the suppressive
effects of superfactant on the lymphocyte.
Indomethacin treatment failed to reverse the
suppressive effects so our results do not suggest
that surfactant enhances prostaglandin E2
production. Our findings confirm that
indomethacin itself causes suppression of
mitogenesis at the concentrations we used,
whereas variable enhancement has been re-
ported at lower concentrations ( < 3 yumol/1). " 18
The poor accessory cell function of alveolar
macrophages has been attributed in part to
prostaglandin E2 production, which then sup-
presses lymphocyte responses.'9 Our results,
however, do not support any effect of surfac-
tant either on monocyte accessory cell function
or on prostaglandin E2 production, strengthen-
ing the theory that the lymphocyte is the cell
directly influenced by surfactant in vitro.
An early irreversible suppressive effect on

the lymphocyte is consistent with the idea that
surfactant exerts its influences via changes in
the cell membrane, with subsequent effects on
signal transmission and entry into the cell
cycle. It is generally acknowledged that an
optimal cell membrane fluidity is necessary for
optimal cellular function and homeostatic
regulation of the membrane lipid composition
is rigorously controlled.20 Membrane fluidity
in certain cells is altered by changing the ratios
of saturated to unsaturated fatty acids, sphin-
gomyelin to phosphatidylcholine (lecithin),
and cholesterol to phospholipids in the culture
medium.2122 Incubation of lymphocytes with
cholesterol and phosphatidylcholine liposomes
alters not only membrane fluidity but also
responsiveness to mitogen.23 24 Generally
speaking, exogenous cholesterol will decrease
membrane fluidity, with an increase in the
responsiveness of lymphocytes to phyto-
haemagglutinin, whereas phosphatidylcholine
will have the opposite effect. In view of these
findings,7 we formed the hypothesis that the
membrane effects of phosphatidylcholine
could be reversed by subsequent culture in
cholesterol and those of cholesterol by culture
in phosphatidylcholine, with the effects reflec-
ted in enhanced and decreased responsiveness
to mitogen. The experiments in this study do
not support this, however, and suggest that
exogenous lipids in culture have a largely
irreversible effect on cell membrane dynamics.
It remains to be determined whether the effect
of surfactant lipids on the T lymphocyte inter-
feres with antigen recognition, binding to
accessory cells, or signal transmission.
The observed effects of surfactant in sup-

pressing in vitro immune responses may
account for the lack of observed specific
immune activity in the alveolus despite the
constant challenges of inhaled antigens. Non-
specific innate immune functions, such as
phagocytosis and lysis of microorganisms,
remain intact, however, and surfactant has
been reported as enhancing these functions in
vitro.25 These potentially beneficial effects
could be put to therapeutic use in certain
pulmonary conditions in which there is a
quantitative or qualitative deficiency of surfac-
tant, such as the neonatal and adult respiratory
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distress syndrome. Some understanding of the
possible mechanism of action of surfactant in
suppressing immune responses is therefore
important, especially as artificial surfactants
are gaining popularity in the treatment of such
disorders.26

In summary, having previously shown that
pulmonary surfactant has immunosuppressive
properties in vitro, we have shown in this study
that the effects are directed at the lymphocyte
at the stage of cell activation rather than
proliferation. We postulate that a change in the
cell membrane may account for this.

We wish to thank Mr David Hughes and Mr
Philip Townsend for scientific assistance and
Mrs Joanna Harwood for typing the manu-
script. This work was supported by The Well-
come Trust and The Medical Research Coun-
cil of New Zealand. Our work in flow
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Foundation and the Percy Bilton Charity.
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