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An animal (Sprague-Dawley rat) model of Pseudomonas aeruginosa biofilm associated with chronic pulmonary
infection in vivo was established and the effects of the biofilm on P. aeruginosa and its relationship to cyto-
kines were investigated.

Biofilm of P. aeruginosa in alginate beads and planktonic PA0725 were purified by anion-exchange chromato-
graph. Sprague-Dawley (SD) rats were immunized with the biofilm and then inhaled the same strain of P. aeru-
ginosa. Anti-biofilm antibody titer was detected using the enzyme linked immunosorbent assay (ELISA) meth-
od. The cell count and differential count in the bronchoalveolar lavage fluid (BALF) were measured. The levels
of cytokines (IL-17, IL-1f, MIP-2, and G-CSF) and tumor necrosis factor (TNF)-o in sera were also measured us-
ing an ELISA kit.

The sera anti-biofilm IgG antibody titer of immunized SD rats was increased significantly on the 5% and 8% days
after inhalation. The IL-17 concentration was significantly higher on the 8t day after inhalation. The results in-
dicated that when biofilm-pre-immunized rats were challenged with inhalation of PA0725 of P. aeruginosa, the
biofilm acted as an antigen substance and mediated the antibody reaction of the antigen, which might cause
serious airway inflammatory response and lung tissue injury. This effect may be related to IL-17.

P. aeruginosa biofilm protected the bacterium from antibiotics and might induce host immune damage in lung
tissue and facilitate bacterium evading the host barrier.
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Background

As an opportunistic pathogen, Pseudomonas aeruginosa is
seldom pathogenic to people with normal immune systems.
However, P. aeruginosa can cause serious and sometimes fa-
tal infections to immunodeficient hosts, such as HIV-infected
patients, organ transplant patients, and tumor patients [1-22].

The mucoid strains of P. aeruginosa can grow on the surface
of the respiratory tract and form a biofilm, causing respirato-
ry biofilm diseases such as diffuse pan-bronchiolitis and cys-
tic fibrosis of the lung, which are very difficult to treat. Some
scientists believe that the alginate produced by P. aeruginosa
can act as a kind of antigen that is able to induce the body to
generate antibodies to the alginate [5-16,18,19,22]. Therefore,
after P. aeruginosa colonization in the respiratory tract causes
infections, the alginate that is produced will result in an anti-
gen-antibody reaction with alginate antibody in the local respi-
ratory tract. This reaction is then mediated by inflammation,
leading to infiltration of inflammatory cells around the respi-
ratory tract, and further results in respiratory immune path-
ological injury [11,12,15,17,20]. Cytokines likely play a role in
regulating these inflammatory reactions.

Currently, the formation of P. aeruginosa biofilm is considered
to be one of the important causes of refractory pulmonary in-
fection [16,18,20]. So far, there have been no standards for an
in vivo model of biofilm, and a systematic description of patho-
genic characteristics of biofilm in an in vivo model has rarely
been reported. In this study, the lung infection animal model
of chronic P. aeruginosa biofilm was established to observe the
bacteriology of lung tissues in SD rats, and the pathological
characteristics and TNF responses. In this study, we investigat-
ed the pathogenic effects of P. aeruginosa biofilm and discuss
the potential for prevention and cure of biofilm-associated in-
fections. Theoretically, this research also provides support to
inform the clinical treatment of biofilm-associated infections.

Material and Methods

Purification of P. aeruginosa PA0725

Mucoid strain PA0725 of P. aeruginosa was inoculated in P.
aeruginosa isolation agar and cultured for 24 hours at 27°C.
Cultures were collected by scraping, and cells were suspend-
ed in phosphate buffer saline (PBS) with pH of 7.5, centrifuged
for 40 minutes at 5°C at 13,500 r/minute. The supernatant was
filtered through 0.15 pm membranes to remove bacteria and
then heated for 20 minutes to denature the proteins. The re-
sulting alginate was precipitated by ethanol (95%), and the
product was dissolved in PBS containing 1 mM NaCl and 10
mM MgCl2. RNase A (200 pg/mL) and type VI DNase | (200 pg/

CaiS.etal:
Effects of biofilm on Pseudomonas aeruginosa
© Med Sci Monit, 2016; 22: 4869-4874

mL) were added and the mixture was reacted for 2 hours at
27°C to remove RNA and DNA. The enzymes were inactivated
by heating the samples for 20 minutes at 70°C, then the sam-
ples were centrifuged for 20 minutes at room temperature at
13,500 r/minute. The supernatant was again precipitated us-
ing ethanol (95%). The sediment was collected and dissolved
in ammonium carbonate solution (0.05 M) and added to a col-
umn chromatography (AutoColumn), then eluted by ammoni-
um carbonate solution (0.05-10 M). The eluate (2 mL in each
tube) was treated with carbachol boric acid to denature the
alginate content. A solution with alginate content larger than
or equal to 80 pg/mL was collected and dialyzed three times
using PBS (12 hours for each dialysis). The dialyzed alginate
product was mixed with AFFI-Prep polymyxin (Biorad) for 24
hours to remove the lipopolysaccharide.

Immunization of SD rats

Sixty SPF-grade male SD rats (age: 56 weeks, weight: 170-200
g) were purchased from Experimental Animal Research Center
at Guangxi Medical University. The rats were randomly divid-
ed into an immune treatment group and a control treatment
group, with 30 rats in each group. For the immune treatment
we used alginate (40 pg/HP) and complete Freund’s adju-
vant; for the control treatment we used saline and complete
Freund’s adjuvant. Both treatments were administered by in-
traperitoneal injection one time per week for five weeks. On
the sixth week, the immune group was injected with alginate
(20 pg/HP) in the caudal vein, and the control group was in-
jected with saline. On the seventh week anti-alginate 1gG an-
tibody titers were collected from the caudal vein of the rats;
the rats in the immune group that had antibody titers great-
er than 1:800 were selected for experiments. When the P. ae-
ruginosa antibody titers decreased to less than 1:8, the inha-
lation experiments were started.

Determination of antibody titer of the serum anti-alginate
1gG

Anti-alginate 1gG antibody in the blood of rats was determined
by the ELISA method. Seaweed alginate was dissolved in car-
bonate buffer (Na,CO, 1.25 g/L, Na,HCO, 1.85 g/L, and NaN,
0.15 g/L). The solution was added into plate wells and incubat-
ed overnight, rinsed with PBS, and then sealed for four hours
with 2% bovine serum albumin (BSA), and then rinsed three
times. The serum from the rats (200 pL) was double diluted
to decrease the concentration from 1:5 to 1:20, and then the
diluted serum was added to the plate to react for one hour at
27°C, followed by rinsing three times. Then IgG antibody com-
bined catalase (200 pL) was added for one hour at 27°C, fol-
lowed by rinsing five times. H,SO, (50 L) was used to termi-
nate the reaction. The OD value was recorded in an enzyme
standard instrument (Biorad450) at the wavelength of 450
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nm. An OD value more than twice the negative control was
defined as positive.

Determination of concentrations

The concentrations of anti-alginate antibody and cytokines
after inhalation of Pseudomonas aeruginosa were determined
by anti-alginate antibody in the serum of the study rats. The
concentrations of IL-17, IL-1[, MIP-2, G-CSF, and tumor necro-
sis factor (TNF)-o were determined by ELISA method accord-
ing to the kit instructions.

Cell count in BALF and histological examination of the
lung

The total numbers of cells in BALF on the 2™, 5t and 8t day
were measured after the completion of the inhalation experi-
ment. Cell sorting and counting were done by Wright-Giemsa
staining. Lung tissue sections were stained using standard
H&E method.

Determination of T lymphocyte subsets CD,* and CD,*

On the 2m, 5t and 8™ day after inhalation of Pseudomonas
aeruginosa, heparin anticoagulant blood was taken from the
veins of the SD rats. Heparin anticoagulant (25 pL) was taken
and FITC-labeled anti CD,* and CD,* McAb (10 ul, diluted with
pH 7.2 PBS) was added. After mixing well, the blood was incu-
bated for 30 minutes at room temperature, then distilled water
(750 pL) was added into the anti-coagulation mixture for he-
molysis. After mixing well, blood (750 pL) was diluted with PBS
(pH 7.2). The percentages of T lymphocytes CD,* and CD,* in the
peripheral blood of SD rats were detected using flow cytome-
try; 3,000 cells were detected for CD,* and CD,*, respectively.

Statistical analysis

The software SPSS 15.0 was used for statistical analysis and
data processing. The experimental results were expressed by
mean +SD. Single-factor Analysis of Variance (ANOVA) was
used to compare the difference between the control group
and the experimental group; p<0.05 indicates that there are
no significant differences.

Results

The serum antibody titer of anti-alginate

The anti-alginate 1gG antibody titers of the immune group were
significantly higher than the control group on the 5 and 8t
day after inhalation of Pseudomonas aeruginosa; the results
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Figure 1. The anti-alginate antibody titer value in serum after
inhalation of Pseudomonas aeruginosa (error bars were
added).

Cell counts and classification in BALF

The total number of cells in BALF of the immune group were
significantly higher than in the control group on the 2", 5%, and
8" day after inhalation of Pseudomonas aeruginosa. Among the
cells, the lymphocytes of the immune group were significant-
ly higher than the control group on the 2" and 5% day, but no
significant difference was observed on the 8" day. It should be
noted that the number of neutrophils in the immune group in-
creased dramatically compared to the control group (Figure 2).

Concentration of cytokines

After inhalation of Pseudomonas aeruginosa, the concentra-
tions of serum cytokines IL-17, IL-1B, and TNF-o of the immune
group and the control group were all lower than the limits of
the ELISA kit. There was no significant difference between the
concentrations of serum cytokines IL-17 and TNF-a. in the im-
mune and the control groups. However, the IL-1f3 concentra-
tion in the serum of the immune group was significantly high-
er than in the control group on the 8™ day (Figure 3).

Changes of T lymphocyte subsets in peripheral blood of
SD rats

The results of the lymphocyte subset analysis showed that the
CD,* cells in the peripheral blood of the SD rats infected with
Pseudomonas aeruginosa were significantly fewer than in the
control group, and the CD,* cells were significantly increased.
The ratio of CD,*/CD,* cells in rats infected with Pseudomonas
aeruginosa decreased significantly compared to the control
group (Table 1).
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Figure 2. Cell counts and classification in BALF after inhalation of Pseudomonas aeruginosa (error bars were added).

120

100

2" day

120 4

100 4

IL-17

5" day

TNF-a

8" day

Concentration (pg/mL)
s &3 8 08
Concentration (ug/mL)

300

250

2" day

[E Immune group
Il Control group

IL-18

5" day

8" day

Concentration (ug/mL)
- 8 & 8 8

2" day

5™ day 8" day

Figure 3. Cytokine concentrations in serum after inhalation of Pseudomonas aeruginosa (error bars were added).
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Table 1. Cell percentages of CD,* and CD,* and the ratio of CD,*/CD,* for the immune group and the control group.

€D,*/CD,*

Immune group Control group Immune group Control group

Day 2 45.28+2.24 48+1.38 24.03+1.86 17+£1.23 1.87+0.18 2.8210.16

Day 5 43.61+£2.03 49+1.27 22.38+1.75 17+1.14 1.954+0.13 2.8740.21

Day 8 41.42+2.33 47+1.19 21.55+1.77 16+1.19 1.94+0.15 2.92+0.24
Discussion The virulence of P. aeruginosa as well as other pathogenic fac-

P. aeruginosa can generate alginate, which can adhere to the
surface of the respiratory tract and form a biofilm. Alginate
has antigenicity; previous research has shown that the anti-
body titers of anti-alginate were higher in the serum of pa-
tients with diffuse pan-bronchiolitis complicated with P. ae-
ruginosa infection, and the antibody titer levels are positively
correlated with the severity of the disease. Meers et al. [24]
studied the effects of inhaled liposomal amikacin on chronic
P. aeruginosa lung infections using fluorescently labelled lipo-
somes to penetrate into P. aeruginosa biofilms. The penetra-
tion of labelled liposomes and lipid composition as liposomal
amikacin into sputum and biofilm showed the potential for
drugs to reach sites of infection in the lungs of cystic fibrosis
patients. Moskowitz et al. [25,26], in a study of 41 cystic fibro-
sis patients, explored the feasibility of using a biofilm suscep-
tibility assay in a clinical microbiology laboratory setting, and
found that biofilm testing might be more effective than cur-
rently used methods for selection of antibiotic combinations.
Drenkard et al. [27] found that antibiotic-resistant phenotyp-
ic variants of P. aeruginosa that have enhanced ability to form
biofilms can arise at high frequency in vitro and in the lungs
of cystic fibrosis patients. In our study, when the experimental
SD rats were immune treated with alginate followed by inhala-
tion of P. aeruginosa, the anti-alginate antibody titer in the se-
rum was significantly higher than in the control group. At the
same time, the lymphocytes and neutrophils in BALF of the im-
mune group also increased significantly compared to the con-
trol group. Obvious inflammatory cell exudation around small
respiratory tracts in the immune group was observed, while
there were no clear changes in the control group. The local in-
flammation of the respiratory tracts in the immune group was
stronger than that of the control group, which may be due to
a rapid increase in anti-alginate antibody titers in the serum
of the immune-treated rats after inhalation of P. aeruginosa.
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