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TIE effects of the bacterial extract OM-85 on the respira-
tory burst, intracellular calcium and the stress response
have been investigated in human peripheral blood
monocytes from normal donors. Activation of the res-
piratory burst during bacterial phagocytosis has been
previously associated with heat shock/stress proteins
synthesis. Whereas OM-85 stimulated superoxide produc-
tion and increased Ca2/ mobilization, it fared to induce
synthesis of classical HSPs. The lack of stress protein
induction was observed even in the presence of iron
which potentiates both oxidative injury and stress pro-
tein induction during bacterial phagocytosis. However
OM-85 induced a 75-78 kDa protein, which is likely to be
a glucose regulated protein (GRP78), and enhanced
intracellular expression of interleukin-l precursor.
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Introduction

Heat shock/stress proteins (HSPs) are a set of
conserved proteins induced in virtually all cells and
tissues by a number of cellular injuries, including
exposure to elevated temperatures, reactive oxygen
species (ROS), and phagocytosis of selected cells
and/or pathogens. HSPs function as molecular chap-
erones and participate in translocation, folding and
refolding of nascent peptides or proteins altered by
the above mentioned conditions. They protect cells
from the adverse conditions associated with protein
denaturation and exert important survival functions
in stressed cells.

Stress proteins are usually named according to
their apparent molecular weight and classified into
families according to their respective inducers. The
glucose regulated proteins (GRPs) are members of
those families induced by glucose deprivation or
alterations in calcium metabolism leading to an in-
crease or decrease in cytosolic free calcium as in-
duced, for example, by calcium ionophores. Heme
oxygenase is also part of the stress protein families;
in human cells it is an oxidation specific stress pro-
tein and may function as a radical scavenger. 5,6

Although universal, the stress response is modu-
lated by cell differentiation and appears particularly
complex in human monocytes-macrophages.7,8 In
these cells, we have shown that phagocytosis of
Staphylococcus aureus induces the synthesis of
HSP70. This induction appeared tightly linked to the
activation of the respiratory burst enzyme NADPH
oxidase and the generation of superoxide anion
(02-) during phagocytosis. We suggest that the induc-

tion of HSP70 during bacterial phagocytosis may
trigger protective functions within phagocytes
against the toxic products produced during
phagocytosis, in particular, ROS.1

Bacterial extracts have been used extensively for
the prevention of recurrent infections of the upper
respiratory tract,n The immunomodulator Broncho-
Vaxom (OM-85) modulates cellular functions such as
cytokine production and activation of natural killer
cells. 1,.<4 OM-85 increases respiratory burst and bac-
terial killing by polymorphonuclear (PMN) cells.5

OM-85 also increased Ca,.+ mobilization. 15

We investigated the effects of exposure of human
phagocytes to OM-85 on respiratory burst, cytosolic
calcium levels and protein synthesis, addressing in
particular whether OM-85 induces HSP synthesis,
and whether such induction is linked to the activa-
tion of NADPH oxidase. We found that OM-85 di-
rectly activated NADPH oxidase in human monocytes
but, in contrast to phagocytosis of whole bacteria,
did not induce the synthesis of the classical stress
proteins in these cells.

Materials and Methods
Cell preparation and culture: Peripheral human
mononuclear cells from healthy volunteers were iso-
lated by Ficoll gradient and monocytes purified by
adherence. Mononuclear cells were incubated for 45
min in antibiotic-free RPMI 1640 medium (Gibco
Laboratories, Paisley, Scotland) supplemented with
10% foetal calf serum (FCS, Gibco) and 1% glutamine
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(Gibco) (complete medium, CM), then washed four
to six times with phosphate buffered saline (PBS,
Gibco), to remove the lymphocytes. Monocytes were
then further incubated in CM for superoxide produc-
tion experiments or in CM without methionine for
protein synthesis analysis. Incubation was overnight,
at 37C in a humidified atmosphere containing 95%
air and 5% CO2. Neutrophils were prepared as de-
scribed previously, from blood obtained from normal
volunteers. 16

Preparation of 0M-85 and analysis of LPS content:

OM-85 is a standardized bacterial extract obtained by
controlled alkaline hydrolysis of different strains of
bacteriamStaphylococcus aureus, Streptococcus
pyogenes and viridans, Diplococcus pneumoniae,
Klebsiella ozaenae, Klebsiella pneumoniae, Neisseria
catarrhalis and Haemophilus influenzae. Due to the
prolonged action of alkali, bacterial proteins are
modified and this generates acidic polypeptides (7
mg/protein/ml according to Lowry, 23 mg dry
weight/ml). The low endotoxin content (0.3 lag/ml)
as measured by the Limulus ameobocyte lysate assay
(LAL, Haemachem Inc., St Louis, MO)17 also relates to
the prolonged action of alkali which is known to
detoxify LPS by hydrolysis of specific fatty acids, is

OM-89, another bacterial extract used as a compari-
son in our experiments, was obtained by controlled
alkaline hydrolysis of 18 different Escherichia coli
strains (endotoxin content higher than OM-85 but
less than 2/g/ml).

Protein analysis: Cells were incubated with different
concentrations of OM-85 (or OM-89) for 3 h or 16 h.
Heat shock (positive control) was performed by
incubating the relevant culture plates in a water bath
at 44C for 20 min. The heat-shocked cells were
allowed to recover at 37C for 2 h before labelling.
All cells were labelled with 6 laCi/ml ([35S]-methionine
(specific activity >1 000 Ci/mmol) (Amersham, Buck-
inghamshire, UK) for 90 min. Cells were then har-
vested, washed twice with PBS, lysed in sodium
dodecyl sulphate (SDS) sample buffer with 4%
mercapto-ethanol and boiled for 10 min. Samples
adjusted for [35S]-methionine incorporation were
electrophoresed on SDS-polyacrylamide gels accord-
ing to Laemmli19 (10% polyacrylamide). The proteins
were revealed by autoradiography on X-omat AR
films (Kodak, Lausanne, Switzerland).

Immunoblotting analysis: Proteins from aliquots cor-
responding to equal cell numbers were electrotrans-
ferred to nitrocellulose membranes. The membranes
were saturated with casein-containing buffer for 2 h
and then hybridized with the appropriate antibodies,
i.e. a monoclonal anti-inducible HSP70 (Stress Gen),
a polyclonal anti-IL-l[3 (Genzyme), and various anti
GRP78 (mAb 7.10 and 5A5, kind gifts from Susan
Lindquist (University of Chicago) and Susan Pierce

(Northwestern University, Evanston) respectively, or
the commercial antibody MA3-001 from Affinity
BioReagents, (Neshanic Station, NJ). Proteins of inter-
est were detected as described.

Superoxide production: Superoxide production was
measured by the superoxide dismutase inhibitable
reduction of ferricytochrome C as described previ-
ously.2 Zymosan was opsonized with human serum
.as described.’ Cells were washed twice with PBS
then incubated in serum free medium for 30 min and
stimulated with either PMA, 100 ng/ml, or opsonized
zymosan (3 mg/ml) (positive controls) or with in-
creasing amounts of bacterial extracts.

Measurements ofcytosolicfree calcium: Cells (20 x 106
cells) were loaded with fura-2 AM at 37C for 30 min.
Prior to measurement fluorescence, cells were
washed and resuspended at 8 x 106 cells/ml in buffer
containing 136 mM NaC1, 5 mM KCl, 1.2 mM MgSO4,
1.2 mM KH2PO4, 5 mM NaHCO, 20 mM Hepes, 5.5
mM glucose, 0.2 mM EDTA, 1.2 mM CaCl,.; pH 7.4.
Fluorescence was measured in a Perkin-Elmer
spectrofluorimeter at an excitation wavelength of 340
nm and at 510 nm emission wavelength. [Ca2+]i was
calculated using the following expression:
[Ca"/l Kd[(F- Fmin)/(Fmax- F)]. Kd was assumed to be
224 nM at 37C.21

Results

Effects of the 0M-85 on the respiratory burst: OM-85
stimulated the respiratory burst enzyme NADPH
oxidase in human peripheral blood monocytes in a
dose dependent manner. One representative experi-
ment (out of six) is shown in Fig. 1. This effect was
also observed with OM-89, but to a lesser degree
(data not shown) which is of relevance when consid-
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FIG. 1. Effects of OM-85 on superoxide production. Monocytes from
healthy donors, prepared as described, were directly activated with PMA
(100 ng/ml), opsonized zymosan (OZ) (3 mg/ml), or OM-85 (30, 100,
250, or 000 IJg/ml) for 30 min. Superoxide production was measured as
described and expressed in nmol/106 cells. Data are from one repre-
sentative experiment out of six. Bars represent means S.E.M., n 3.

144 Mediators of Inflammation Vol 3. 1994



Effects of 0M-85 on phagocytefunctions

1 2 3 4 5 6 7 8

HSP 110-

HSP 90-

HSP 70-

HSP 65-

-75-78 kDa

-Actin

C HS II
OM-85 OM-89

FIG. 2. Effects of OM-85 and OM-89 on protein synthesis in human monocytes. Monocytes were incubated with increasing amounts of OM-85 (30,
100, 250 pg/ml) (Lanes 3-5) or OM-89 (30, 100, 250 pg/ml) (Lanes 6-8) for 16 h. Proteins were labelled with asS-methionine for 90 min and analysed
by SDS-PAGE. The autoradiogram shows the protein of 75-78 kDa in the samples treated with the bacterial extracts. Lane 1, cells maintained at
37C; Lane 2, cells exposed to 44C for 20 min. Similar results were obtained for shorter incubations (3 h).

ering the respective LPS content of the two extracts,

Furthermore, LPS by itself (tested at 0.1 and 0.2
pg/ml) did not activate NADPH oxidase in human
monocytes (our unpublished data) further arguing
against a nonspecific effect of LPS contained in the
bacterial extracts on the respiratory burst.

In contrast, when cells were preincubated over-
night with OM-85 and then activated with either PMA
or opsonized zymosan, there was no priming effect
on human peripheral blood monocytes for
superoxide production (not shown). This latter result
was also observed when using OM-89.

Effects of 0M-85 on protein synthesis: The bacterial
extracts did not induce the synthesis of HSP70 or any
of the classical HSPs. Fig. 2 shows one of more than
20 experiments using biometabolic labelling. The
lack of HSP70 induction was further established by
using the more sensitive technique of Western blot-
ting with monoclonal antibody against the inducible
HSP70 (Fig. 3). When OM-85 was used at very high
concentrations (1-2 mg/ml), there was, in some ex-
periments, an inhibition of normal protein synthesis
(Fig. 2, Lane 5), likely related to the high production
of ROS and their well-known toxic effects on protein
synthesis. 22-24 Even under these conditions however

(i.e. under conditions associated with a decrease in
normal protein synthesis), there was still no induc-
tion of HSP70. We have previously reported that
during phagocytosis of S. aureus, iron poten-tiated
the induction of HSP70 and induced the synthesis of
heme oxygenase, probably by catalysing the produc-
tion of highly reactive hydroxyl radicals via the
Fenton reaction. In the experiments described here
however, neither HSP70 nor heme oxygenase were
induced even in the presence of iron (Fig. 4),
indicating that the generation of ROS induced by

2 3 4 5 6 7 8 9 10 11 12
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FIG. 3. Western blot analysis of HSP70 in monocytes exposed to
OM-85, OM-89 and/or A23187 using a monoclonal antibody against the
human inducible HSP70. Monocytes were exposed to A23187 (7 pM)
(Lane 3); 44C, 20 min (Lane 4); 100 pg/ml OM-89 in the absence (Lane
5) or the presence (Lane 6) of A23187; 250 pg/ml OM-89 without (Lane
7) or with (Lane 8) A23187; 100 pg/ml OM-85 alone (Lane 9) or in
combination with A23187 (Lane 10); 250 pg/ml OM-85 without (Lane 11)
or with (Lane 12) A23187. Incubation was for 3 h at 37C. Unstressed
cells are shown in Lane and cells incubated with DMSO, the vehicle
for A23187, in Lane 2.
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FIG. 4. Effects of OM-85 on protein synthesis in the presence of iron. Monocytes were exposed to Fe (500 pM) (Lane 2); 44C, 20 min (Lane 3);
100 pg/ml OM-85 in the absence (Lane 4) or the presence of Fe (Lane 5); 250 Ig/ml OM-85 without (Lane 6) or with Fe (Lane 7); mg/ml without
(Lane 8) or with Fe (Lane 9). Lane 1, control cells.

OM-85 was insufficient, even in the presence of iron,
to induce oxidation specific stress proteins.

In contrast, incubation of monocytes with OM-85
(30, 100, 250 lag/ml) as well as with OM-89 (30, 100,
250 lag/ml) induced in these cells the synthesis of a
number of proteins (Fig. 2), and in particular of a 75-
78 kDa protein which, according to molecular weight
and induction pattern might be GRP78. However,
attempts to characterize this protein with various
antibodies raised against GRP78 were inconclusive.

Furthermore, we observed a 36 kDa protein, which
was induced or increased to various degrees depend-
ing upon its constitutive expression in the different
experiments. This protein was identified as the intra-
cellular precursor of interleukin-llg by immunoblot-
ting with anti-IL-11g antibody (Fig. 5).

Effects of0M-85 on cytosolicfree calcium: GRP78 is
a member of the glucose-regulated stress protein
families specifically involved in the handling of ab-
normal proteins within the endoplasmic reticulum,
and induced by alterations in intracellular calcium. In
order, therefore, to unravel the mechanism of selec-
tive induction of the putative GRP78 by OM-85, we

-36 kDa

Exp.

FIG. 5. OM-85 induces intracellular interleukin-1. Monocytes from healthy
donors were incubated with OM-89 (5 pg/ml) (Lane 2, Exp. 1); OM-89
(100 pg/ml) (Lane 2, Exp. 2); OM-89 (1 mg/ml) (Lane 2, Exp. 3); OM-85
(5 pg/ml) (Lane 1, Exp. 1); OM-85 (100 pg/ml) (Lane 1, Exp. 1); OM-85
(1 mg/ml) (Lane 1, Exp. 3). For each experiment, Lane 4 is control; Lane
3 is HS).

investigated whether OM-85 induced a rise in [Ca2+]i
in monocytes. Fura-2 AM-loaded monocytes were
stimulated by 375 lag/ml of OM-85 or OM-89 and
cytosolic Ca2+ was measured. Both bacterial extracts
were able to increase [Ca2+]i, but, as for superoxide
production, OM-85 was more effective (Fig: 6). These
results are in good agreement with previous reports
on Ca2+ mobilization by OM-85 and OM-89 in PMN
cells15 and support the hypothesis that the 78 kDa
doublet induced by these agents could be GRP78.
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FIG. 6. OM-85 induces a rapid and reversible rise in cytosolic free
calcium in human monocytes. Monocytes were loaded with Fura-2 AM
as described. The rise in [Ca2*] after exposure to increasing concentra-
tions (0.4 mg/ml to 1.6 mg/ml) of OM-85 was measured on 8 x 10 cells.
As the [Ca2*] peak showed minimal dose-dependence with the OM-85
concentration tested, only the response to the lowest dose (0.4 mg/ml)
is presented here.

Discussion

The results of this study establish that the bacterial
extract OM-85 is able to modulate metabolic
functions in monocytes. Indeed we observed that
OM-85 and, to a lesser extent, OM-89 activate the
respiratory burst in human monocytes (Fig. 1), as
well as in neutrophils (our unpublished data and
Reference 15). This activation appeared to result from
a direct effect on the enzyme NADPH oxidase since
pre-incubation with both extracts failed to prime the
cells for further stimulation. OM-85 thus appears
unique as a compound able to directly activate
NADPH oxidase, but without resulting in the priming
of the enzyme, which is in contrast with a number of
other compounds, including phorbol esters, calcium
ionophores or tumour necrosis factor-a. Activation of
phagocytes by OM-85 for 0,7 generation may con-
tribute to the host’s anti-bacterial defences as re-
ported previously. ’5 In agreement with our control
experiments Bottex et al. ’6 also showed that the
stimulatory activity of OM-85 is not due to residual
contamination with LPS. In contrast, the fact that OM-
85, as well as OM-89, failed to prime monocytes for
0,7 production suggests that these products have no
pro-inflammatory activity, at least with respect to the
involvement of ROS in inflammation.

Since heat shock proteins are markers of a variety
of cellular stresses, we investigated the effects of the
bacterial extracts on protein synthesis in human
monocytes. OM-85 induced neither classical stress
proteins nor the oxidative stress specific heme
oxygenase even under conditions where the synthe-
sis of total protein was reduced (see Fig. 2, Lane 5).
Characterization of the most abundant heat shock
protein HSP70 by the more sensitive immunoblotting
technique confirmed the absence of this inducible

protein (Fig. 3). Similar results were obtained with
OM-89. We have previously reported that
phagocytosis of whole $. aureus induced in
monocytes the synthesis of HSP70. This induction
was enhanced and heme oxygenase was induced in
the presence of iron. With the bacterial extracts,
however, and even with the potent activator of Oi-
production, OM-85, iron failed to increase HSP70 and
heme oxygenase synthesis (Fig. 4).
The lack of induction of HSP70 by OM-85 indicates

that this agent does not lead to the type of cellular
toxicity which in turn will induce a stress response.
Furthermore, since the induction of heme oxygenase
is dependent upon the intracellular generation of the
highly reactive hydroxyl radicals, the lack of such
induction by OM-85 indicates that the generation of
ROS, whether extracellular or intracellular, induced
by the bacterial extract is insufficient to induce oxi-
dation specific stress proteins, even in the presence
of iron which catalyses "OH production. The induc-
tion of 0,7 production by OM-85 may be essentially
extracellular, which would explain the lack of
oxidative modifications of intracellular proteins--the
classical signal for stress protein induction--and
therefore the lack of increased synthesis of the
classical HSPs.
OM-85 induced a protein of 75-78 kDa (Figs 2 and

4) which appears to be related to the glucose-regu-
lated protein GRP78 (BiP). Similar results again were
obtained with OM-89. However, attempts to charac-
terize this protein with available antibodies against
GRP78 were unsuccessful. We are currently perform-
ing experiments aimed at the definitive identification
of GRP78 using appropriate molecular probes.
Among the inducers of GRP78 are agents stimulat-

ing calcium mobilization such as calcium ionophore
A23187. Therefore we measured intracellular calcium
in monocytes exposed to OM-85. As shown in Fig. 6,
there was a rapid increase in [Ca2+]i after addition of
the bacterial extracts. These results are in good agree-
ment with those reported in neutrophils by Nauck et
al. 15 The rise in [Ca2+]i induced by the bacterial prod-
uct along with the 75-78 kDa protein further sup-
ports the possibility that this protein is indeed GRP78.
OM-89 also induced a rise in [Ca2+]i, although much
smaller than OM-85 (unpublished data). The parallel-
ism between these two effects of the bacterial ex-
tracts (on NADPH oxidase activation and on [Ca2+]i)
suggests a receptor mediated event rather than an
effect relating to protein kinase C mediated
phosphorylation.27

Another protein of 35-36 kDa was either increased
or induced by OM-85, depending on its basal expres-
sion in the monocytes of a given blood donor. By
immunoblotting, this protein has been recognized by
a polyclonal antibody against IL-I[, suggesting that
it is the cytokine precursor. Previous reports have
demonstrated the effects of Broncho-Vaxom on
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cytokine production in normal subjects.28 Our data
indicate that increased production is associated with
increased intracellular synthesis of the cytokine and
further support the view that the bacterial extracts
studied are indeed immunomodulators, at least
under the in vitro conditions examined here. Given
the concentrations of endotoxins within the bacterial
extracts, the synthesis of IL- 113 is unlikely to be due
to endotoxins. Indeed, as was the case for NADPH
oxidase activation, it has been established,previously
that whereas both OM-85 and LPS activate IL-1 secre-
tion, this effect was abolished when heating the
bacterial extract, which was not the case with LPS.’6

In conclusion, our data suggest that OM-85, which
directly activates the respiratory burst enzyme
NADPH oxidase, but without priming, represents a
safe therapeutic product in promoting antibacterial
activity, without additional pro-inflammatory effect.
As suggested by the lack of induction of a classical
stress response, NADPH activation by OM-85 does
not lead to oxidation induced protein modifications,
which would represent the ultimate common signal
for stress protein induction. Our results are in good
agreement with previous reports29-31 showing that
OM-85 behaves as an immunomodulator in human
monocytes, but not as a stress protein inducer.
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