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Abstract
Background - Broncho-Vaxom (OM-85
BV) increases the resistance of the res-
piratory tract to bacterial infections by
modulating host immune responses. The
compound increases serum IgG levels but
decreases IgE levels in patients suffering
from chronic bronchitis or chronic ob-
structive pulmonary disease. It increases
concentrations of y-interferon (IFN-y),
IgA, and interleukin (IL)-2 in broncho-
alveolar lavage fluid ofpatients with bron-
chitis. Treatment with OM-85 BV in-
creases the number ofT helper and natural
killer celis. In this study the effects ofOM-
85 BV on transcription of cytokines is in-
vestigated in human lung fibroblasts.
Methods - Transcription and synthesis of
IL-6 and IL-8 were assessed in cultured
primary human lung fibroblasts using
standard methods of Northern blot ana-
lysis for the level of mRNAs and enzyme
linked immunosorbent assay for proteins.
Results - Broncho-Vaxom (OM-85 BV) at
different concentrations induced tran-
scription of IL-6 and IL-8. The effect of
the drug on transcription of IL-6 and IL-
8 genes correlated with secretion of the
proteins into cell supernatants. OM-85
BV-dependent expression of the inter-
leukin genes involved C-Fos/serum re-
sponsive element (C-Fos/SRE).
Conclusions - The data suggest that the
various immunopharmacological ac-
tivities of OM-85 BV that have been de-
scribed in clinical studies may be
explained by its ability to induce ex-
pression of IL-6 and IL-8.
(Thorax 1996;51:150-154)

Keywords: immunomodulators, gene regulation, in-
terleukin, lung fibroblasts.

Broncho-Vaxom (OM-85 BV; OM Laboratories,
Geneva, Switzerland), a lyophilised extract of
eight species of bacteria which are frequently
associated with inflammation of the respiratory
tract, has been shown to modulate cellular
immune mechanisms leading to increased
resistance against bacterial infections.' Oral
administration of OM-85 BV induces the pro-
duction of antibodies against the various com-
ponents of the immunomodulator.'4 OM-85
BV increases IgG levels but decreases IgE levels
in patients with chronic bronchitis or chronic
obstructive lung disease.5-7 Furthermore, treat-
ment with OM-85 leads to increased con-

centrations of y interferon (IFN-y), IgA, and
interleukin (IL)-2 in bronchoalveolar lavage
(BAL) fluid of patients suffering from bron-
chitis."' Long term administration of the drug
increases the number of T helper and natural
killer cells but decreases the number of T sup-
pressor cells.'

In vitro studies have shown that OM-85 BV
induces the secretion of type E prostaglandins,
tumour necrosis factor (TNF), and nitric oxide
in isolated macrophages.'102 The compound
also stimulates the adhesion of human poly-
morphonuclear leucocytes to endothelial
cells.'314 These effects suggest a pharmaco-
logical potency of the drug at various levels of
the immune system; however, its exact mode
of action remains unclear.
A number of activities of IL-6 and IL-8

suggest that these factors have a significant
role in mediating inflammatory and immune
responses. IL-6 displays various proinflam-
matory effects that are potentially relevant to
inflammation of the airways, including its abil-
ity to stimulate proliferation of thymocytes and
T cells,'5 '6 to stimulate cytotoxic T lymphocyte
differentiation,17 to upregulate IL-4 dependent
IgE production,'8 and to mediate the terminal
differentiation and immunoglobulin pro-
duction of B cells.'5 In contrast, IL-6 has also
been shown to diminish tissue inflammation
in animal models of hypersensitivity pneu-
monitis,9 oxygen toxicity,20 and endotoxin-in-
duced lung injury,2' and to inhibit macrophage
production of IL-1.22 The proinflammatory
effects of IL-8 are reflected by its ability to
modulate the expression of various adhesion
molecules in bronchial epithelial cells2324 and
lung macrophages.25 IL-S also augments pro-
duction ofprotease by neutrophils,26 generation
of oxygen radicals,27 and activity of 5-lip-
oxygenase in polymorphonuclear leuco-
cytes.2529

Since IL-6 and IL-8 may be of importance in
the inflammatory mechanisms associated with
infection and immunity, we have characterised
the effects of OM-85 BV on the expression of
IL-6 and IL-8 in human lung fibroblasts. This
cell is known to be involved in the immune
response initiated by infection or injury of the
lung.30 We have investigated the effect of
Broncho-Vaxom on the transcription, trans-
lation, and secretion of IL-6 and IL-8 in cul-
tivated primary human lung fibroblasts.

Methods
CULTURE OF LUNG FIBROBLASTS
Five primary cell lines of fibroblasts were es-
tablished from biopsy samples of human lung
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Figure 1 Kinetics of OM-85 B V-induced (10,uglml) transcription of IL-6 and IL-8
genes in human lungfibroblasts. Arbitrary units of mRNA were calculated by
computerised image analysis of Northern blots in relation to the constitutive HLA-fB gene.
Each curve displays a representative analysis performed in one of the five primary cell
lines of human lungfibroblasts; similar results were obtained with the other four cell lines.

tissue as described previously.3' Cells were cul-
tivated in minimal essential medium sup-
plemented with 10% fetal calf serum (FCS),
8mM L-glutamine, and 1% vitamin mix to
an 80% subconfluent monolayer. Subconfluent
cultures of the cells were kept in low serum
medium (0 5% FCS) for two days before stimu-
lation with OM-85 BV (0 1-100 tg/ml) for
various time periods (0, 0 5, 1, 2, 4, 6, 8, and
12 hours). All experiments were performed
using cell lines in passages 1-4.

EXTRACTION OF TOTAL RNA AND NORTHERN
BLOT ANALYSIS
Total RNA was extracted by the guanidinium
isothiocyanate method and analysed by North-
ern blotting.32 Hybridisation with radioactive
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labelled oligonucleotides (IL-1 oc to IL-10, GM-
CSF, M-CSF, and TNF-oa; British Bio-
technology, Abingdon, UK) was performed
overnight at 45°C (buffer: 1 M NaCl, 1% sod-
ium dodecyl sulphate, 50% formamide, 10%
dextran sulphate, 1 mg/ml sonicated heat de-
natured salmon sperm DNA, and 75 mg/ml
polyethylene glycol 6000). The membranes
were washed under sterile conditions. In brief,
membranes were washed for 30 minutes at
room temperature in 5 x SSC buffer (1 x SSC:
0 156MNaCl, 0 014M sodium citrate), then
two washes in 1 x SSC at 55°C (15 minutes),
and a final wash in 1 x SSC at room tem-
perature (15 minutes). Membranes were then
exposed to a radiographic film (X-Omat,
Kodak, Geneva, Switzerland) for 48 hours at
- 700C.32

TRANSLATION AND SECRETION OF IL-6 AND IL-8
OM-85 BV-induced de novo synthesis of IL-6
and IL-8 proteins was tested in human fibro-
blasts. Quiescent subconfluent cultures were
incubated for 12 hours in the presence of vari-
ous concentrations of OM-85 BV (0 1 to
100,g/ml). The cells were then scraped with
a rubber policeman and sonicated on ice for
10 seconds (twice). The homogenate was cent-
rifuged (five minutes, 10 000g, 4°C) and the
amount of the two interleukins was determined
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Figure 2 Dose dependence of OM-85 BV-induced transcription of IL-6 and IL-8 genes
in human lung fibroblasts. The data represent the relative amounts ofmRNA for the two
interleukins assessed at the time points of maximal transcription (IL-6 at one hour; IL-8
at six hours). Each curve shows one representative analysis done in one primary cell line
of human lungfibroblasts; similar results were obtained with the other four cell lines.

Figure 3 Northern blot analysis of the modulatory effects
of various inhibitors of transcription factors on OM-85
BV-induced transcription of IL-6 (at one hour), IL-8 (at
six hours), TNF-oa (at 12 hours), and c-fos (at 30
minutes) in human lungfibroblasts. Lane 1, unstimulated
control fibroblast; lane 2, OM-85 BV (101iglml); lane 3,
OM-85 BV+DMSO (2%Y); lane 4; OM-85 BV+
polymyxin B (10 jtM). Similar results were obtained with
the remaining four cell lines.
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ENDOTOXIN ASSAY
Contamination of OM-85 BV with lipo-

o IL-6 polysaccharides was excluded by means of a
IL-8 Limulus polyphemus lysate assay (EIA, Amer-

sham., UK).

Results
Possible effects of OM-85 BV on the tran-
scription ofvarious genes encoding interleukins
(IL-lo/p, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10), colony stimulating factors (GM-
CSF, M-CSF, G-CSF), and tumour necrosis
factor (TNF)-a were assessed in human lung
fibroblasts. OM-85 BV specifically induced the
transcription of two (IL-6, IL-8) of the 10
cytokines investigated and the transcription of
TNF-oa. The transcription of IL-6 started 30

o 3 6 9 12 18 minutes after the addition of the drug, reached
a plateau between 1-2 hours (15 x ), and de-
clined thereafter (fig 1), while the transcription
of IL-8 started to increase two hours after the

o IL-6 cells were stimulated with OM-85 BV and
a IL-8 peaked at 4-6 hours (9 x). Only a slight in-

crease of the mRNA signal for TNF-oa (1 5 x )
was observed 12 hours after stimulation with
OM-85 BV (fig 1).
The induction of the two interleukins was

dose dependent (fig 2) with EC50 values of
OM-85 BV in the range which can be obtained
under therapeutic conditions. For all the fol-
lowing experiments an effective dose of 10 jig
OM-85 BV/ml was used.
The ability of OM-85 BV to induce tran-

scription of the genes coding for the tran-
scription factors C-Fos and C-Jun was
investigated. While the drug induced tran-
scription of the c-fos gene (fig 3), it failed to

o 3 6 9 12 18 induce transcription of the c-jun gene.
Time (hours) Since activation of C-Fos requires the action

of PKC,315 we further delineated the mode ofKinetics of OM-85 B V-induced (10 piglml) synthesis of intracellular ofPKC85wfute deneated ath od of
and IL-8 in human lung fibroblasts and (B) kinetics of OM-85 BV- action of OM-85 BV on gene activation by

Pi of IL-6 and IL-8 in human lung fibroblasts. Each time point represents incubating cells with polymyxin B (10 1tg/ml).
offive independent experiments. In the presence of this inhibitor of PKC the

OM-85 BV-induced transcription of c-fos, as
well as the transcription of the two cytokine
genes and of the gene coding for TNF-oa, was

in the supernatant by enzyme linked im- abrogated (fig 3). In addition, OM-85 BV-
munosorbent assay (EIA).33 induced transcription of activated genes stud-
To determine secretion ofinterleukins 100 gl ied was abolished in the presence of actino-

samples of culture medium were collected at mycin D (5 mg/ml) which suggests that the
0, 4, 8, and 12 hours and the amounts of compound stimulates the de novo transcription
proteins were assessed by EIA. All experiments of the respective genes (data not shown).
were performed in triplicate with each cell line. To evaluate the role of C-Fos/SRE on OM-

85 BV-induced transcription of c-fos and the
two interleukin genes we tested the effect of

TRANSCRIPTION FACTORS DMSO (2%) which inhibits C-Fos/SRE.34 In
Dimethyl sulphoxide (DMSO) 2% was used the presence of DMSO the OM-85 BV-de-
to determine the role ofthe C-Fos/SRE in OM- pendent transcription of c-fos was completely
85 BV-induced gene activation.34 Following in- blocked (fig 3). Similarly, the transcription of
cubation of the cells for various times, RNA IL-6, IL-8, or TNF-az stimulated by OM-85
was extracted for Northern blot analysis or BV was abolished in the presence of DMSO.
cells were continued in culture to determine DMSO alone did not affect the basal tran-
secretion of IL-6 and IL-8. scription of the genes investigated.
To investigate the involvement of protein OM-85 BV induced an increase of both the

kinase C (PKC) in OM-85 BV-dependent ac- intracellular expression of IL-6 and IL-8 pro-
tivation of C-Fos3435 subconfluent cultures of teins (fig 4A) and their secretion. Maximal
cells were incubated with the PKC inhibitor secretion of both cytokines was observed 12
polymyxin B (10 gg/ml) for 30 minutes before hours after the addition of OM-85 BV to the
stimulation with the OM-85 BV. culture medium (fig 4B). The OM-85 BV-
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Figure 5 Effects ofDMSO and polymyxin B on the OM-85 B V-induced secretion
IL-6 and IL-8 (at 12 hours) in human lung fibroblasts. Each bar represents the me,
(SE) offive independent experiments.

dependent secretion of IL-6 and IL-8 wa
minished in the presence of DMSO or

myxin B (fig 5).
In order to rule out the possibility that

tamination of OM-85 BV with lipo]
saccharide could be responsible for the el

on gene activation, cells were incubated
various concentrations of lipopolysacch
that were equivalent to the lipopolysacch
content determined in OM-85 BV. While
polysaccharide at concentrations of 1-10 r

was found to induce transcription of
kines,2' the amount of lipopolysaccharide
taminating OM-85 BV was <1 pg/mg. 1

concentrations were ineffective in indi
gene transcription (n= 3; data not shown).
clearly excludes unwarranted effects ofthe
due to contamination with lipopolysaccha

Discussion
This present study shows that OM-85 I

capable of modulating the immune resp
by specifically inducing the expression of
and IL-8 genes in human lung fibroblasts.
mechanism of transcription achieved by
85 BV involves the action of PKC, C-For
C-Fos/SRE. Considering the various auto
and paracrine effects of IL-6 and IL-8
observation may explain some of the
munopharmacological effects induced by
85 BV.'-1' The fact that lipopolysaccharid
not detectable in the preparations of O0
BV used excluded unwarranted effects of
polysaccharide.

IL-6 can be synthesised and released
variety of cells including T and B lymphoc
monocyte/macrophages, endothelial cells,
fibroblasts. It is induced by a number of
kines such as IL-1, platelet-derived gr
factor and TNF, viruses, and endotoxii
transcriptional and post-transcript
mechanisms.2'30 In addition to its
inflammatory properties, IL-6 also dis
some anti-inflammatory activities suc

inhibition of macrophage proliferat
reduction of monocyte cytotoxicity,37 an

hibition of airway reactivity to m

choline.38 Furthermore, IL-6 activates the
ability of B and T cells to combat infection
and tissue damage39 by modulating synthesis
of specific antibodies, predominantly ofthe IgA
and IgG class.3' The latter effect could well
account for the ability ofOM-85 BV to increase
levels of IgA and IgG in patients suffering from
various inflammatory diseases of the lung.56 It
also may explain the increased levels of IFN-
76 and TNF-oc9 in BAL fluid obtained from
patients with chronic bronchitis after treatment
with OM-85 BV.

It has recently been shown that IL-8 mediates
accumulation and activation of poly-
morphonuclear leucocytes to endothelial cells
after exposure to various inflammatory stim-
uli.22 Expression of IL-8 on lung fibroblasts
may augment adherence of immunocompetent

af cells during phagocytic challenge by local mod-
ulation of the extracellular matrix and support
trafficking of macrophages between alveolar
and interstitial compartments during in-

is di- flammation. Enhanced chemotactic activity as
poly- well as increased activity of the oxidative meta-

bolism and intracellular killing of bacteria due
con- to increased expression of IL-823-2540 is par-
poly- alleled by increased resistance to bacterial in-
ffects fections following treatment with OM-85
with BVy1464'
.aride We have shown previously that OM-85 BV
Laride increases the concentration of intracellular free
lipo- calcium via activation of phosphatidylinositol
ig/ml turnover.4' Induction of phosphatidylinositol
cyto- turnover is usually paralleled by the activation
con- of PKC. We have shown that inhibition of
Fhese PKC, known to be essential for the action of
icing C-Fos,35 abolished OM-85 BV-induced gene
This transcription. This is consistent with data ob-
drug tained in the presence of DMSO, known to
iride. suppress activation of C-Fos/SRE.35 C-Fos/

SRE binding sites have been identified in the
promoter regions of the c-fos gene, the IL-6
and the IL-8 genes.30 Taken together, our data

BV is provide evidence that the signalling cascade,
)onse stimulated by OM-85 BV, involves the action
IL-6 ofPKC and C-Fos/SRE resulting in expression
The of the interleukins IL-6 and IL-8 which both
OM- have potential anti-inflammatory organ pro-
s and tective properties.
ocrine
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