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Abstract: Objectives: To investigate the therapeutic effects of OM-85 BV as an adjunctive treatment on experimen-
tal chronic rhinosinusitis (CRS) in mice. Methodology: Female BALB/c mice aged 8-12 weeks were sensitized and 
administrated by intranasal Aspergillus fumigatis (AF) three times per week for 1 week, 3 weeks, 2 months and 
3 months (n = 10 each time point). The mice were randomly and equally assigned to four groups: normal control 
group, model group, OM-85-BV plus amoxicillin group, and isolated amoxicillin group. Inflammatory changes were 
determined by hematoxylin-eosin (HE) staining. The expression levels of suppressor of cytokine signaling (SOCS) 
1, SOCS3, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ in samples were assessed by using real-time PCR 
(RT-PCR) and Western blotting. Results: There were significantly inflammatory and structural changes between the 
model and other groups. Compared to the model group, the mRNA expression levels of SOCS1, SOCS3, TNF-α, and 
IFN-γ were significantly decreased in OM-85-BV plus amoxicillin group and isolated amoxicillin group, along with the 
protein levels. Conclusion: The bacterial extract OM-85 BV is a low-cost alternatively adjunctive drug to treat CRS 
with simple oral administration, good safety, and few side effects.
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Introduction

Chronic rhinosinusitis, a chronic inflammation 
of the nose and nasal sinuses, is characterized 
by manifestation of two or more common nasal 
symptoms, such as purulent nasal discharge, 
nasal obstruction, head/facial pain post, nasal 
drip and olfactory impairment. These symp-
toms will significantly affect quality of life. 
Patients who suffer from CRS have obviously 
higher bodily pain and reduced social function 
compared with other chronic diseases (e.g. 
chronic obstructive pulmonary disease, back 
pain) [1]. In addition, the prevalence of CRS has 
been estimated to affect 10.9% to 15.5% of the 
total population in different countries [2, 3], 
and a Europe research team has confirmed this 
common chronic disease as a burden and 
pointed out the underestimation of this disease 
[3]. Moreover, it has been reported that patients 
with CRS have higher risk for stroke occur-
rence, chronic periodontitis [4, 5]. 

Therefore, an adequate therapy is essential. 

Although the etiology and pathophysiology of 
CRS are still remains unclear, cytokine and che-
mokine signaling has been considered as 
important inflammatory factors [6]. The sup-
pressor of cytokine signaling (SOCS) family is 
one of the major mechanisms for regulations of 
cytokine signaling [7]. Among the members of 
SOCS family, SOCS1 and SOCS3 are the best-
characterized members. It has been reported 
that the increased SOCS1 and SOCS3 expres-
sion is associated with CRS [8]. Hence, we sup-
posed that inhibition the expression of SOCS1, 
SOCS3, and other related cytokines may have 
therapeutic effect on CRS.

Treatment of CRS includes antibiotics, nasal 
decongestants, antihistamines, topical nasal 
steroids and/or oral steroids, and saline irriga-
tion, or topical or systemic corticosteroids. 
Mast cell stabilizers and leukotriene inhibitors 
are adjuvant treatments, which may also help 
alleviate symptoms in some patients, but 
severe patients need allergy immunotherapy 
and/or sinus surgery. However, some patients 
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do not respond with the tailored therapy. 
Hence, novel therapies should be required to 
improve the disease symptoms and quality of 
life of CRS patients. Broncho-Vaxom (OM-85 
BV) is an alternative novel therapeutic agent. It 
is an immunostimulant constituted from eight 
different bacterial species which are frequently 
responsible for respiratory infections. Recent 
studies have shown their efficacy for treatment 
of recurrent respiratory tract infections, asth-
ma, chronic obstructive pulmonary disease 
(COPD), chronic bronchitis, subacute sinusitis 
and allergic rhinitis [9-11]. However, rare stud-
ies are focused on the treatment of CRS.

The aim of this study was to investigate the 
therapeutic effects of OM-85 BV as an adjunc-
tive treatment on experimental CRS in mice. 
Our experimental results may provide efficient 
supporting evidences for clinical treatment of 
CRS. 

Materials and methods 

Experimental animals and model building 

Forty female BALB/c mice aged 8-12 weeks 
were purchased from Experimental Animal 
Center of Weifang Medical University. Each ani-
mal was housed in a single clean cage and pro-
vided with liquid diet before the procedure. The 
protocol of using animal was complied with the 
ethical standards of the relevant national and 
institutional guides on the care and use of labo-
ratory animals (NIH Publication 85-23). Culture 
filtrate and combined with mycelial extracts of 
Aspergillis fumigatus (AF) (Hollister-Stier Labo- 
ratories, Spokane, WA) was applied for intra-
peritoneal and intranasal use [12].

The method of CRS model was refereed to by 
Lindsay, et al., and later modified by Khalid, et 
al. [13, 14]. The experimental mice received an 
intraperitoneal injection of AF extract, 200 μg 
absorbed into 2 mg of alum in 5 mL of phos-
phate buffered saline solution. After sensitiza-
tion by intraperitoneal injection one week later, 
a nasal antigen challenge of AF extract was per-
formed 3 times per week for 12 consecutive 
weeks to the experimental mice. The animals of 
model group animals were provided with nasal 
saline solution at the same time intervals. 
Untreated mice was used as normal controls. 
Mice were lightly anesthetized with methoxyflu-
orane inhalation, and then the mice were held 

in the supine position, followed by 10 μg (5 μL) 
of AF antigen or 5 μL of normal saline solution 
being applied to each nare with a micropipette. 
The mice were held upright until alert after 
instillation. 

The normal mice (n = 10) did not receive any 
modeling and treatment, which were consid-
ered as the normal control group. While other 
animals were successfully induced model, the 
mice were randomly and equally divided into 
three groups (n = 10): model group, OM-85-BV 
plus amoxicillin group, and isolated amoxicillin 
group. For the normal control group, mice were 
gavaged with sterile water for 3 months. The 
mice in the model group received modeling 
without any treatment. While for the OM-85-BV 
plus amoxicillin group, the bacterial extract 
OM-85 BV (OM-PHARMA, Meyrin, Geneva, 
Switzerland) and amoxicillin (Sigma, USA) were 
performed to the mice. The amounts of OM-85 
BV which was given conferred to the pure bac-
terial extract without additives. OM-85 BV was 
dissolved in pyrogen-free phosphate-buffered 
saline. The mice were then administered OM-85 
BV by using a gastrogavage for 10 consecutive 
days, but no treatment for the next 20 days. 
One month was considered as one course. The 
mice were treated 3 months. In addition to 
OM-85 BV, mice were also treated with 2 mg/
kg amoxicillin. The amoxicillin was dissolved in 
sterile water twice daily by gavage beginning at 
either 5 dpi or 3 dpi and continuing for 3 
months. Whereas, the mice in the isolated 
amoxicillin group were only subjected to amoxi-
cillin, the amounts and time were the same as 
OM-85-BV plus amoxicillin group.

Histological analysis

Under lightly anesthetized by ether inhalation, 
limbs and head of each mouse were fixed on 
the rat boards. The mice were sacrificed and 
the nose and sinuses were harvested. The tis-
sues were fixed in 3% paraformaldehyde, decal-
cified, and embedded in paraffin. Then they 
were cut into 4 µm sections by using micro-
tome, and stained with standard techniques. 
The presence and degree of inflammation was 
analyzed using an Olympus BH-2 microscope 
(Olympus America Inc).  

Quantitative real time RT-PCR

According to the manufacturer’s instructions, 
total RNA for RT-PCR was extracted from dis-
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sected sinonasal tissue by using the RNeasy 
Mini Kit (Qiagen, Valencia, CA, USA). Purity of 
the total RNA was assessed with the A260/
A280 ratio, expected values 1.8 and 2.0 was 
considered good. Approximately 0.25 µg of 
total RNA was synthesized to complementary 
DNA (cDNA). The products of PCR were identi-
fied by an ABI Prism 7000 sequence detection 
system (Applied Biosystems, Foster City, Calif). 
The GAPDH gene was monitored as a refer-
ence. PCR amplification was conducted by the 
LightCycler 1.5 (Roche Diagnostics, Tokyo, 
Japan) using LightCycler-FastStart DNA Master 
SYBR Green I (Roche Diagnostics, Tokyo, 
Japan). PCR conditions included 1 predenatur-

ation cycle of 5 min at 95°C, 40-50 cycles of 
95°C for 30 s, 58-62°C for 30 s, and 72°C for 
30 s, and a final extension at 72°C for 5 min. 
The mRNA levels were expressed as threshold 
cycle (CT). Comparative CT method was offered 
for analysis. The amount of target was calcu-
lated by using 2−ΔΔCT method [15]. This method 
does not need to set up a standard curve for 
each assay when calculate the relative quanti-
ties of targets. Reactions were run in triplicate 
on three different days for each sample.

The primers sequences used were as follows: 
SOCS1, 5’ primer 5’-GTGGTTGTGGAGGGTGA- 
GAT-3’ and 3’ primer 5’-CCTGAGAGGTGGGA- 

Figure 1. Histological analysis of CRS in the four groups (×20). A. Normal control group; B. Model group; C. OM-85-
BV plus amoxicillin group; D. Isolated amoxicillin group; CRS, chronic rhinosinusitis.
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TGAGG-3’; SOCS3, 5’ primer, 5’-AGCTCCAAA- 
AGCGAGTACCA-3’, and 3’ primer, 5’-TGACGC- 
TCAACGTGAAGAAG-3’; TNF-α, 5’ primer 5’-GT- 
TCATCCGTTCTCTACC-3’, and 3’ primer 5’-AGC- 
GTCTCGTGTGTTTC-3’; and IFN-γ, 5’ primer 
5’-GGTGACATGAAAATCCTGCAG-3’, 5’-CCTCAA- 
ACTTGGCAATACTCATGA-3’. The reference gene 
of GAPDH was: 5’ primer 5’-CGGAGTCAACG- 
GATTTGG TC-3’ and 3’ primer 5’-AGCCTTCTCCAT 
GGTCGTGA-3’.

Western blotting assay for detection of SOCS1, 
SOCS3, TNF-α, and IFN-γ expression

For Western blotting analysis, sinus tissue was 
washed with 0.1% DEPC water and flashily fro-
zen and stored at -80°C until used. Protein den-
sity was assessed by the BCA method. Protein 
samples (20 μL) from each group were sepa-
rated by 12% standard electrophoresis sodium 

measurement data were expressed as mean ± 
standard deviation (SD). Multiple comparisons 
were conducted by one-way analysis of vari-
ance (ANOVA). There was a significantly statisti-
cal difference when P < 0.05.

Results

Histological analysis

As shown in Figure 1A-C, there were significant 
inflammatory and structural changes between 
the control and other two groups. Histologically, 
the animals in the control group showed obvi-
ous mast cell and eosinophilic infiltration with 
augmented depth of lamina propria. In addi-
tion, ciliated epithelium was lost, nonciliated 
eosinophilic secretory epithelial cells were 
present with hyperplasia, along with an undu-
lating basement membrane zone. 

Figure 2. mRNA expression relative to GAPDH of SOCS1 and SOCS3. SOCS, 
suppressor of cytokine signaling. #P compared with the model group; *P 
compared with isolated amoxicillin group; $P compared with OM-85-BV plus 
amoxicillin group; &P compared with normal control group.

dodecyl sulfate polyacrylamide 
(SDS-PAGE) gel and transferred 
onto polyvinylidene difluoride 
(PDVF) membranes (Millipore, 
Bed- ford, MA). The blots were 
blocked with 1% defatted milk 
powder for 1 h at room temper-
ature and incubated overnight 
at 4°C with the following anti-
bodies: anti-SOCS1 antibody 
(1:1000, AnaSpec, San Jose, 
CA, USA), anti-SOCS3 antibody 
(1:1000, Santa Cruz Biote- 
chnology, Santa Cruz, CA), anti- 
TNF-α antibody (1:1000, 
Genzyme, Cambridge, MA), and 
anti- IFN-γ antibody (1:1000, 
Genzyme, Cambridge, MA). An 
anti-GAPDH antibody (Santa, 
Cruz Biotechnology) was con-
sidered as a loading control. 
After incubation with an goat 
anti-mouse (1:500, Beijing Zh- 
ongshan Golden Bridge Biote- 
chnology Co., Beijing, China) as 
the secondary antibody, the 
samples were conducted to 
enhanced chemiluminescence 
and densitometric analysis. 

Statistical analysis

Statistical analysis was per-
formed by SPSS 16.0 software 
(SPSS, Chicago, IL, USA). The 
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SOCS1, SOCS3, TNF-α, and IFN-γ expression 
by quantitative real-time PCR and western blot 
(WB)

The mRNA and protein levels of SOCS1, SOCS3, 
TNF-α, and IFN-γ were showed in Figures 2-4, 
respectively. The figures showed that the 

cant differences between the OM-85-BV plus 
amoxicillin group and normal control group. 

Discussion

In the present study, the therapeutic effects of 
OM-85 BV as an adjunctive treatment on exper-
imental chronic rhinosinusitis (CRS) in mice 
were evaluated. The results showed that the 
levels of SOCS1, SOCS3, TNF-α, and IFN-γ were 
significantly decreased by administration of 
OM-85-BV, indicating the bacterial extract 
OM-85 BV may be an alternatively adjunctive 
treatment for CRS by means of reducing the 
expression of cytokines in inflammatory sinus 
mucosa.

CRS, a heterogeneous group of inflammatory 
diseases of the nasal and paranasal cavities, 
impairs quality of life and may lead to the 
reduced workplace productivity, and serious 
medical treatment costs [16]. Although the 
high prevalence of CRS worldwide, the exact 
pathogenesis of the disease still remains 
debatable. It has been reported that bacteria, 
virus, and fungi serve as key infectious agents 

Figure 3. mRNA expression relative to GAPDH of TNF-α and IFN-γ. TNF, tu-
mor necrosis factor; IFN, interferon. #P compared with the model group; *P 
compared with isolated amoxicillin group; $P compared with OM-85-BV plus 
amoxicillin group; &P compared with normal control group.

Figure 4. WB of CRS in the four groups. WB, western 
blotting; CRS, chronic rhinosinusitis.

expression levels of SOCS1, 
SOCS3, TNF-α, and IFN-γ were 
the highest in the model group, 
while decreased in the OM-85-
BV plus amoxicillin group and 
isolated amoxicillin group. Com- 
pared to the model group, the 
mRNA expression levels of 
SOCS1 (0.807 ± 0.071 vs. 
0.214 ± 0.082; 0.807 ± 0.071 
vs. 0.419 ± 0.052), SOCS3 
(0.897 ± 0.032 vs. 0.299 ± 
0.035; 0.897 ± 0.032 vs. 0.523 
± 0.036), TNF-α (0.991 ± 0.036 
vs. 0.222 ± 0.026; 0.991 ± 
0.036 vs. 0.423 ± 0.031), and 
IFN-γ (0.963 ± 0.064 vs. 0.305 
± 0.073; 0.963 ± 0.064 vs. 
0.563 ± 0.055) were signifi-
cantly decreased in OM-85-BV 
plus amoxicillin group and iso-
lated amoxicillin group, respec-
tively. In addition, the levels in 
the OM-85-BV plus amoxicillin 
group were significantly lower 
than the isolated amoxicillin 
group, as well as the protein 
levels. There were no signifi-
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stimulating violent host inflammatory respons-
es [17]. These triggers produce abnormal host 
responses, such as cytokine and chemokine 
signaling of nasal mucosa, which have been 
thought to be ultimately contributed to the per-
sistent inflammatory process [18, 19]. Previous 
studies have examined CRS-associated cyto-
kines, mixed TH1/TH2 cytokine profile, sug-
gesting that cytokines play an important patho-
genic role in CRS [20]. In addition, accumulating 
evidence suggest that the SOCS family involves 
in many human chronic inflammatory diseases, 
such as asthma, allergic rhinitis, and atopic 
dermatitis [21, 22]. SOCS1 and SOCS3 are the 
best-characterized members of the family [23]. 
The stimulation by IL-4, IL-13, IFN-γ, and TNF-α 
may result in upregulation of SOCS1 expres-
sion, while the expression of SOCS3 is induced 
by IL-6, IL-13, IFN-γ, and TNF-α. Moreover, Park 
et al. [8] found that SOCS1 and SOCS3 were 
increased in CRS, and suggested that the 
enhanced SOCS1 and SOCS3 may be a 
response to increased levels of various cyto-
kines expressed in inflammatory sinus mu- 
cosa. 

Pharmacotherapy is the primary treatment 
modality for CRS, however, despite with many 
therapeutic interventions (e.g. anti-inflammato-
ry and anti-microbial intervention), therapeutic 
effect is often only partial and often unsuc-
cessful. Therefore, the mechanisms of this dis-
ease are eagerly to reveal in order to further 
robust therapeutic strategies. Besides, novel 
therapies should be needed to alleviate symp-
toms and improve therapeutic effects. Accu-
mulating studies have confirmed that the 
OM-85 BV, an immunostimulant, gained much 
attention on treatment of respiratory disease. It 
has been clinically indicated that administra-
tion OM-85-BV has a preventive outcome in 
recurrent chronic infections of the respiratory 
tract [24, 25], besides, it can also shorten the 
period of convalescence when used in the 
acute phase of these infections [25]. Hence, we 
supposed it might have identical therapeutic 
effect on CRS. 

In this study, the model of CRS was success-
fully induced. The levels of SOCS1, SOCS3, 
TNF-α, and IFN-γ was compared by RT-PCR. The 
results showed that there were significantly 
inflammatory and structural changes between 
the control and other treatment groups. The 
expression levels of SOCS1, SOCS3, TNF-α, 
and IFN-γ were obviously higher in the control 

group, while the levels were significantly 
reduced in treatment groups. In addition, the 
levels in the OM-85-BV plus amoxicillin group 
were lower than the isolated amoxicillin group. 
The results indicated that SOCS family served 
as critical cytokines in the development of CRS, 
while administration combined OM-85 BV with 
amoxicillin has certain therapeutic effects on 
treating CRS. 

In conclusion, the bacterial extract OM-85 BV is 
considered as an effective immunomodulator 
on CRS inflammation in mice model using the 
same safe dose and time course as humans. 
We confirm that OM-85 BV is a low-cost alter-
natively adjunctive drug to treat CRS with sim-
ple oral administration, good safety, and few 
side effects. 
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