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Abstract

Rationale: Idiopathic pulmonary fibrosis (IPF) is a chronic fibrosing interstitial

pneumonia of unknown cause, no therapeutic modalities could reverse or stop its ever

deteriorating course. It has been found that stimulation of lung innate immunity using

bacterial lysates protected against lethal pulmonary infection, we speculate it may also

protect against the development of pulmonary fibrosis.Methods: C57BL/6 mice were

exposed to an aerosolized mixture of polyvalent bacterial lysates (PVBLs) or

phosphate-buffered saline (PBS, as control) three times on separate day, thereafter the

lungs were intratracheally infused of Bleomycin (BLM). Pulmonary morphology,

Ashcroft’s scale of pulmonary fibrosis and pro-inflammatory cytokines such as

interferon (IFN)-γ and interleukin (IL)-4 were evaluated 14 days later. Results:

Exposures of PVBLs did not induce any discernible structural abnormalities in the

lung, while the ratio of IFN-γ/IL-4 was increased (P < 0.05); BLM-induced

pulmonary fibrosis was associated with an overwhelming down-regulation of IFN-γ

and IL-4 (P < 0.01) ; In comparison with the controls, pre-exposures of the PVBLs

protected against BLM-induced pulmonary fibrosis, that was demonstrated by a

greater reduction of Ashcroft’s fibrotic score [median (95%CI): 3.94 (3.33 - 4.56) vs.

3.04 (2.55 - 3.52), P < 0.05] and a greater decrease of hydroxyproline (0.93 ± 0.16 vs.

0.64 ± 0.18, g/mg, P < 0.01) as well. Though the PBVLs pre-exposures did not restore

the BLM-induced down-regulation of IL-4 and IFN-γ, the ratio of IFN-γ/IL-4

maintained greater than that in the controls (2.25 ± 0.70 vs. 0.78 ± 0.33, P < 0.01).

Conclusions: BLM-induced murine pulmonary fibrosis is associated with an

overwhelming down-regulation of IFN-γ and IL-4. Pre-exposures of the aerosolized

PVBLs protect against the BLM-induced pulmonary fibrosis.

Keywords: Polyvalent bacterial lysates; Bleomycin-induced pulmonary fibrosis;

Immunostimulation

Introduction

Idiopathic pulmonary fibrosis (IPF) is a unique form of chronic, progressive,
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fibrosing interstitial pneumonia of unknown cause [1], it responds poorly to any

anti-inflammatory therapy [2-6]. Knowledge in recent studies implied that the

development of pulmonary fibrosis is likely relevant to an insufficient innate

immunity in the lung [7, 8], anti-inflammatory therapies had no effect or even caused

worse outcome [4, 9]. Conversely, we speculate that the IPF patients might benefit

from an immune-enhancement treatment rather than an immunosuppressive therapy.

Current recommendation for IPF management focuses on extracellular matrix

(ECM) inhibition, representative agents include Nintedanib (an intracellular inhibitor

of tyrosine kinases) and pirfenidone (with unknown mechanism) [10], but the benefits

are far from satisfactory, which are only limited to a slight deceleration of the ever

declining lung function in IPF patients [11-13]. For elderly patients or the patients

with progressive fibrotic interstitial lung diseases [14, 15], adherence to Nintedanib or

pirfenidone treatment is troubled by poor toleration. Therefore, therapeutic modalities

for cure or optimal alleviation of symptom should be continuously searched for.

Bacterial lysates positively modulate the body's innate immunity (so called

immune-stimulating enhancement) and nonspecifically enhance pulmonary resistance

against infections of a variety of lethal microbials [16-18]. In present study, we

explored whether the immune-stimulating enhancement by repeat exposures to

bacterial lysates leads to protection against Bleomycin-induced pulmonary fibrosis.

Materials and Methods

Animals

Specific pathogen-free (SPF) female C57BL/6 mice, 6-week old with body

weight of 18.64 ± 0.22 g, were purchased from Vital River Laboratory Animal

Technology Co., Ltd., Beijing, China. The animals were bred in a SPF room (ambient

temperature 22-26℃, humidity 60-70%) and scrutinized for fitness upon arrival for

three days, then randomized into different study groups and used within 2 weeks. The

laboratory animal management rules of Tongji Medical College of Huazhong

University of Science and Technology were strictly adhered to.
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Polyvalent bacterial lysate and other laboratory materials

Amixture of polyvalent bacterial lysates (PVBLs) was used as the

immunostimulant (Broncho-Vaxom™, batch No. S20150042, OM Pharma,

Switzerland), it contains extracts derived from 8 bacterial species (Staphylococcus

aureus, Streptococcus viridans, Streptococcus pyogenes, Diplococcus pneumoniae,

Klebsiella pneumoniae, Klebsiella ozaenae, Neisseria catarrhalis, and Haemophilus

influenza) [16]. Injection formulation of Bleomycin hydrochloride (BLM, batch No.

H20055883) was purchased from HiSun Pharmaceutical CO., LTD, Zhejiang, China.

A self-made transparent polyethylene exposure chamber (35cm×25cm×20 cm) with a

connection to the outlet of a nebulizer (type NE-C900, OMRON) was set for the

aerosolized PVBLs exposure.

Animal models

Firstly, we investigated the impact of aerosolized PVBLs on the animals’ general

condition and lung morphology. The mice were randomized into 2 groups and put in

the exposure chamber alternatively during an episode of the aerosol exposure, when

the animals were either exposed to the aerosol of 10.5 mg PVBLs dissolved in 6 ml

sterile PBS solution or to the aerosol of 6 ml sterile PBS solution (shamed exposure as

control) at the 1st, 4th and 7th day of the experimental course. At the 8th day, we

anesthetized the mouse by intraperitoneal injection of 50mg/kg·body weight (bw)

sodium pentobarbital solution 1 ml and fixed the animal on a small animal surgery

board when the anesthesia took into effect (lack of withdrawal reflex upon pinching a

toe). We exposed the trachea through a standard aseptic surgery and infused 0.5 ml of

sterile normal saline (NS) solution into the trachea during inspiration. To ensure a

homogenous distribution, we blew 0.5 ml air into the trachea twice and then rotated

the animal body for 2 minutes. After closing and sterilizing the wound, the animal was

cared for on a warm pad (36℃) until fully recovery from anesthesia.

In the second step, we explored the effect of the multiple pre-exposures of the

PVBLs on BLM-induced pulmonary fibrosis. Similarly, at each episode of the PVBLs

exposure, the mice were put into the chamber and exposed to the aerosol of 10.5 mg
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PVBLs dissolved in 6 ml sterile PBS solution at the 1st, 4th and 7th day of the

experimental course. At the 8th day, the animal was intra-tracheally infused

4mg/kg·bw BLM dissolved in 0.5 ml sterile NS, followed by blowing 0.5 ml air into

the lung twice and 2-minute body rotation. The care for the animal after that was the

same as described above.

Pulmonary morphology and morphometry

On the 22nd day of the experiment, i.e., 14 days later after intra-tracheal BLM

infusion, the mice were euthanized by intraperitoneal injection of sodium

pentobarbital 100mg/kg·bw and exsanguinated by severing the abdominal aorta

immediately after death. We intratracheally intubated the animal, removed its right

lung en bloc upon ligation of the right main bronchus, infused the left lung via the

tracheal catheter with 4% paraformaldehyde (PFA) solution at a constant hydrostatic

pressure of 20 cm for at least 20 minutes (until the pleural surface became smooth),

then we fully immersed the left lung in PFA solution for at least 4 hours before further

histological processing. The right lung was stored in -80℃ for further biochemistry

measurement. The PFA fixed lungs were paraffin embedded and sagittal sections of

mid-part of the lung sample with 4 µm thickness were deparaffinized and stained with

hematoxylin and eosin.

Morphometric evaluation was referred to a modified Ashcroft’s scale [19].

Briefly, ten non-overlapping pulmonary microscopic fields under a 10-fold

magnification were randomly selected for each slice of a specimen. The assignment of

grades from 0 to 8 was based on the extent of fibrosis in alveolar septa and lung

structure. To ensure the objectivity, three experts of pulmonary fibrosis pathology who

blinded to the study design did the scoring. The average of the three scores was taken

as the final score.

Determination of Hydroxyproline in lung tissue

The hydroxyproline content in lung tissue was measured using a Hydroxyproline

Assay Kit (batch No. A030-2, JianCheng Bioengineering Institute, Nanjing, China).

Determination of IL-4 and IFN-γ in bronchoalveolar lavage fluid
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For determination of IL-4 and IFN-γ in bronchoalveolar lavage fluid (BALF), the

mice were also euthanized by intraperitoneal injection of sodium pentobarbital

100mg/kg·bw at the 22th day of the experiment. The procedure for collecting BALF

was as that reported preciously [20]. IL-4 and IFN-γ in the BALF was measured using

an ELISA kit for IL-4 and IFN-γ (batch No. E-EL-M0727, Elabscience

Biotechnology Co.,Ltd., Wuhan, China) according to the manufacturer’s instruction.

Statistics

Statistical analyses were performed using SPSS 19.0 for Windows (IBM, USA)

by a statistician who blinded to the study design. Test of normal distribution was by

Kolmogorov-Smirnov method, the data approximated as normal distribution was

expressed as mean±Sd, the parametric statistics such as ANOVA and post hoc

Dunnett’s comparisons were applied where appropriate. Results of Ashcroft’s scale

were presented as median and 95% confidence interval (CI), the non-parametric

statistics such as Kruskal-Wallis ANOVA& Median test and Mann-Whitney U test

were used for inter-group comparisons of the Ashcroft’s scores. P < 0.05 was defined

as statistical significant.

Results

Animals’ general condition

The animals seemed to be mildly irritated by the exposures, no matter being

exposed to PVBLs or PBS, manifested by frequent ear and nose scratching, hair

grooming and a slight breath gasping. These manifestations tapered off after cessation

of the exposure, usually 10 minutes later. No death happened during or after the

exposures. The body-weight difference between the animals with BLM infusion and

the controls reached statistical significance 7 days later after intra-tracheal infusion,

and the difference maintained until the day of sacrifice (P < 0.05, Figure 1).

Pulmonary morphology, morphometry and hydroxyproline

Exposure to PVBLs or PBS then intra-tracheal infusion of NS did not induce any

overt morphological abnormalities in pulmonary structural and alveolar septa, the
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modified Ashcroft’s scores in the two group were approximate equal (1.36 vs. 1.27,

Figure 2 a and b, Table 1, P > 0.05). While, the intra-tracheal infusion of BLM caused

a diffuse lung damage and a large scale of alveolar septa thickening (Figure 2 c).

Repeat PVBLs pre-exposures protected against the development of pulmonary

fibrosis compared to the animals with the controls, the former demonstrated less

pulmonary damage, smaller modified Ashcroft’s score and reduced hydroxyproline

content in the lung homogenate (Figure 2 d and Table 1, P < 0.01).

Cytokines

In comparison with PBS exposure, the PVBLs exposures decreased the IL-4

expression in the BALF, thereafter, resulted in a greater ratio of IFN-γ/IL-4 than that

in the controls (3.06 ± 1.22 vs. 1.63 ± 0.42, Table 1, P < 0.01). Intra-tracheal infusion

of BLM caused an overwhelming down-regulation of IFN-γ and IL-4 in the BALF

(Table 1, P < 0.01), no matter the pre-exposures were the PVBLs or PBS. However,

the greater ratio of IFN-γ/IL-4 in the mice with the PVBLs pre-exposures was

maintained (2.25 ± 0.70 vs. 0.78 ± 0.33 in the controls, Table 1, P < 0.01).

Discussion

Repeat exposures of the PVBLs aerosol seem to be safe to the mice. Though the

animals were mildly irritated by the exposures, no big behavior difference were noted

between the two groups, hence, we assume that the animals might just be slightly

offended by the moisture of the aerosols rather than the content in the aerosols. The

exposures of the PVBLs likely initiated an immune response with Th1 predilection as

implied by a greater ratio of IFN-γ/IL-4 in the mice with the PVBLs exposures than

that in the controls (Table 1), similar to that in previous studies using oral exposure of

bacterial extracts [21, 22].

The impact of intra-tracheal infusion of BLM on the mice is huge and negative,

it not only stagnated the gain of body weight but also overwhelmingly down-regulated

IL-4 and IFN-γ expressions in the lung (with an even greater decline in IFN-γ). This

phenomenon is in harmony with our postulation that the pulmonary fibrosis is a
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disease of receded innate immunity with a Th2 skewness rather than a disease of

exaggerated inflammation [3]. Some other evidences also support this speculation,

which could be dug out in a recent review by Heukels and colleagues [23].

The intra-tracheal infusion of BLM was done 24 hours later after the PVBLs

exposures, when the pulmonary defense was strong enough against lethal microbial

infections as shown in Evens’ study [17]. In this study we demonstrate that the

PVBLs exposures also protect against BLM induced lung fibrosis (mirrored by less

morphological severity of fibrosis, degraded Ashcroft’s scale and lower

hydroxyproline content compared to the mice of control), implying that the effect of

immune-stimulating enhancement of PVBLs acts non-specifically, which not only

protects the pulmonary mucosa against pathogenic microbials infection but also

against some fibrosing insults, like BLM.

Since this is a preliminary and exploratory study, we only detected the

expressions of IFN-γ and IL-4 for a briefly elucidation of the mechanism of PVBLs.

The maintenance of a greater ratio of IFN-γ/IL-4 even after BLM infusion in the lung

with PVBLs pre-exposure infers that the maintenance of a Th1 polarized immune

response, though being suppressed very much, is still important in protecting against

the development of BLM-induced pulmonary fibrosis.

Taken above together, we conclude that the BLM-induced pulmonary fibrosis is

associated with a significant suppression of the innate immunity. Repeat PVBLs

pre-exposures not only protect against lethal microbial infections but also against

BLM-induced pulmonary fibrosis. Repeat PVBLs exposures possibly serve as a cue

for strengthening the innate immunity with a feature of Th1 skewness.

Limitation of this study: 1. the animal model is a form of an acute pulmonary

fibrosis rather than a chronic one, therefore, the result of this study should not be

directly applied to human IPF; 2. the behavior inspection and the morphological study

are not the efficient ways to exclude the functional side effects delivered by airway

PVBLs exposures; 3. ratio of IFN-γ and IL-4 is far from enough to elucidate the

mechanism that the PVBLs pre-exposures alleviate BLM-induced pulmonary fibrosis.
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Other representative biomarkers of innate immunity and adaptive immunity should be

investigated in future.
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Figure 1: The body-weight difference between the animals with Bleomycin infusion

and the controls reached statistical significance 7 days later after intra-tracheal

infusion, and the difference maintained until the day of sacrifice (*P < 0.05).
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Caption

Figure 2: Exposure to aerosol of PVBLs or PBS then intra-tracheal instillation of NS does not induce any discernible morphological

abnormalities in pulmonary structural and alveolar septa (panel a and b). Intra-tracheal instillation of BLM causes a diffuse lung damage and a

large scale of alveolar septa thickening (panel c). Repeat PVBLs pre-exposures alleviate the development of pulmonary fibrosis (panel d) (H&E

stain, ×40). PBS = phosphate buffer solution; PVBLs = polyvalent bacterial lysates; BLM = Bleomycin

a

c d

b
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Table 1. Pulmonary modified Ashcroft’s scores and contents of hydroxyproline, IL-4 and IFN- in mice with repeat PVBLs exposures and then

intra-tracheal bleomycin instillation

Groups Ashcrof’s score§
Hydroxyproline

(g/mg)

IFN-γ

(g/L)

IL-4

(g/L)
IFN-γ / IL-4

PBS 1.36 (0.88-1.84)* 0.76 ± 0.20* 209.96 ± 41.24** 133.06 ± 33.67** 1.63 ± 0.42

PVBLs 1.27 (0.74-1.81)* 0.78 ± 0.11* 168.12 ± 8.17** 60.45 ± 17.83 3.06 ± 1.22**

PBS-BLM 3.94 (3.33-4.56) 0.93 ± 0.16 35.28 ± 12.73 46.97 ± 10.56 0.78 ± 0.33

PVBLs-BLM 3.04 (2.55-3.52)* 0.64 ± 0.18** 63.67 ± 21.38 28.88 ± 5.50 2.25 ± 0.70**

§Data are presented as mean  Sd or median and 95％CI.

*P < 0.05，**P < 0.01 as compared to the correspondent variables in group PBS-BLM, in which the animals exposed to PBS before BLM

intra-tracheal instillation, whereas in group PVBLs-BLM, the animals exposed to PVBLs before BLM instillation.

Abbreviations: PBS = phosphate buffer solution; PVBLs = polyvalent bacterial lysates; BLM = Bleomycin


