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Clinical Isolates of Pseudomonas aeruginosa
Stimulate Interleukin 1 Beta and Tumour Necrosis

Factor Alpha in Mice Lungs.

Majid Neemah AIi1*, Zainab Hani Hatif 2

ABSTRACT

Pseudomonas aeruginosa has the ability to stimulate the pro-inflammatory immune response in addition to causing infection.
The current study aims to evaluate the effect of this bacteria on generating the pro-inflammatory immune response and
whether this response can be short-term or long-term, as well as to identify the persistence of bacterial infection in the
lungs of experimental mice. Here, P. aeruginosa (PAC) was isolated from sputum samples collected from patients suffering
from acute respiratory tract infections. Experimental mice were given 108 c.f.u of P. aeruginosa intra-nasal (i.n.). The lungs
were harvested at different time intervals (1, 2, 4, 24, 48h) to check the Interleukin (IL-)1 Beta (B) and tumor necrosis
factor (TNF-) alpha (a) using Enzyme linkage immune sorbent assay (ELISA) and (4, 24, 48, 72h) for studying the bacterial
burden in mice lung using plate count method. Significant increase in IL-1B with maximum level by 4 h post instillation. A
similar finding was observed in studying the level of TNF-a. In both cytokines, a significant increase was observed up to 48
h post-instillation with 2. aeruginosa. The study showed that the clinical isolate of P. aeruginosa could be persistent up to
72 h post-instillation with PAC. The current study confirms the ability of this bacteria to stimulate the pro-inflammatory
cytokines for a long period, as well as its ability to remain in the lungs of animals for long periods, which confirms the ability
of the bacteria to maintain its negative effect for long periods in experimental animal lungs.
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1. INTRODUCTION

Pseudomonas aeruginosa it is a Gram-negative bacterium, has
long been recognized as a formidable pathogen, particularly
within the context of respiratory tract infections. Its ability to
colonize and thrive in various host environments, coupled with
its inherent resistance to a multitude of antibiotics, poses a
significant challenge in clinical settings [1]. It is involved in the
stimulation of the innate immune system and inflammatory imm-
une response of the mucosal layer of the respiratory tract syste-
m. It is a ubiquitously distributed opportunistic pathogen notori-

notorious for its ability to cause infections in diverse clinical
settings [2]. Itis perhaps best known for its impact on respiratory
health, causing ailments ranging from acute pneumonia to
chronic bronchiectasis in susceptible individuals. Its success as
a pathogen can be attributed to a plethora of virulence factors
and adaptability mechanisms [3]. The metabolic capabilities of
this bacterial species allow it to grow in various environmental
niches, including hospital water systems, soil, and the respi-
ratory tracts of humans and animals. This adaptability is further
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compounded by its ability to form resilient biofilms, which protect
from both host immune responses and antimicrobial agents [4].
It invades the respiratory tract, the host immune system swiftly
mobilizes to combat the threat. Neutrophils, macrophages, and
other immune cells are recruited to the site of infection.
However, this pathogen possesses an arsenal of virulence
factors that enable it to evade immune detection and
neutralization. The presence of P. aeruginosa in the respiratory
tract stimulates the host immune response to produce pro-
inflammatory cytokines, including Interleukin-18 (IL-18) and
tumor necrosis factor-alpha (TNF-a) [5]. These cytokines play
pivotal roles in orchestrating the immune response, signaling
danger, and promoting inflammation. Their secretion is often a
double-edged sword - while they are essential for pathogen
clearance, excessive or deregulated production can lead to
tissue harm and exacerbate the inflammatory response [6].
IL-1B and TNF-a both are the central pro-inflammatory cytokines
that emerge as key players in the host response to P.
aeruginosa infection. These cytokines are produced by immune
cells, particularly macrophages, in response to the presence of
pathogenic invaders, including bacteria like P. aeruginosa. IL-
1B, once secreted, exerts a multitude of effects. It enhances the
recruitment of immune cells to the infection site and activates
neutrophils and other phagocytic cells to engulf and destroy
bacteria [7]. TNF-a, on the other hand, contributes to the
recruitment and activation of immune cells and triggers various
signaling cascades that intensify the immune response [8].
This bacterial species possesses several virulence factors that
enable it to exploit the host immune response, leading to the
deregulated secretion of IL-1B and TNF-a. These factors include
lipopolysaccharides (LPS), flagellin, and various exotoxins.
LPS, an integral component of the bacterial outer membrane, is
a potent inducer of inflammation [9]. It activates toll-like
receptors (TLRs) on immune cells, triggering the production of
IL-18 and TNF-a. P. aeruginosa LPS is particularly adept at
evading immune recognition, allowing it to persist within the
host. Flagellin, the protein component of bacterial flagella, also
activates TLRs and contributes to the deregulation of cytokine
production. P. aeruginosa flagellin possesses unique structural
features that enhance its ability to stimulate inflammatory
responses [10]. The present study aims to highlight the role of
stimulation of the respiratory tract of the animal model with P.
aeruginosa (whole bacterial cells) in stimulating the pro-
inflammatory cytokines including IL-1B and TNF-a as well as the
persistence of this bacteria in the respiratory tract of animal
model.

2. MATERIALS AND METHODS

2.1. Isolation and identification of bacteria

The specimens of 50 sputum samples (2-5 ml) were collected
from indoor patients suffering from lower respiratory tract
infections (Maysan Hospital, Maysan, lIraq). Five hundred
microliter of sputum were placed in sterile tubes containing 9.5
ml of normal saline and transported directly to the technical
diagnostic lab. The specimens were inoculated onto both
MacConkey and blood agar, and incubated at 37°C for 18h. The
non-lactose fermenting colonies were re-cultured onto
cetramide agar. The suspected Pseudomonas isolates that
were grown onto Cetrimide agar were sub-cultured onto nutrient
agar to check for purity. Pure colonies were used for the
biochemical tests for the identification of P. aeruginosa [11]
including Gram stain, growth characteristics, and other test
methods [11]. The VITEK 2 DensiCheck instrument, fluoresce-
ence system (bioMe rieux) (ID-GNB card) was used for confir-
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ming the species of P. aeruginosa isolates [12]. The bacteria
isolates were inoculated onto nutrient agar slant and incubated
for 18 h at 37°C and then stored at 4°C for 2-4 weeks. For long-
period storage, all clinical isolates of P. aeruginosa were
maintained at -20°C in trypticase soy broth (TSB) (Hi media,
Mumbai) containing 20% glycerol.

2.3. Preparation of Bacterial Suspension (BS)
Clinical isolates of P. aeruginosa (PAC) were grown overnight in
Luria Broth (LB) (Hi-media, India) at 37°C (18 h). The bacterial
cells were washed three times with sterile phosphate buffer
saline (PBS, 0.1 M, pH 7.2). The bacterial pellets were re-
suspended by sterile PBS (0.1M, pH, 7.2), and the numbers of
bacteria were adjusted to 108 colony form unite (c.f.u.)/milliliter
(ml).

2.4. ANIMALS

BALB/c mice 6-8 weeks old, weighing 20-25 gm were procured
from Central Animal House, AL-Nahrain University, Baghdad,
Irag. Animals were kept in clean polypropylene cages and fed
on a standard antibiotic-free diet

2.5. Experiment

To determine the ability of bacterial cells of clinical isolates of P.
aeruginosa to generate the pro-inflammatory immune response
in the lungs of normal mice, the following mice groups were
established. In the test group, 15 mice were given 50 yl PBS
(0.1 M, pH 7.2) containing 5x108 c.f.u/ml clinical isolate of P.
aeruginosa intranasally. In the control group A, 15 mice were
given 50 pl sterile LB broth. Three animals were sacrificed at
each time point: 4 hours, 1 day, 2 days, and 3 days post-
bacterial administration. In the control group B, 15 mice were
given 50 yl of PBS (0.1 M, pH 7.2). Three animals were
sacrificed at each time point: 4 hours, 1 day, 2 days, and 3 days
post-bacterial administration. The lungs from respective groups
were sampled to determine the viable bacterial count and pro-
inflammatory cytokines.

2.6. Quantification of bacteria in lungs

The Lungs were sectioned into several pieces. One piece of
lung was placed in separate sterile tubes and weighted. Lung
tissue was homogenized in PBS (0.1 M, pH 7.2) in a corning
glass homogenizer. Serial dilutions of homogenized lung tissue
in PBS (0.1 M, pH 7.2) were made and plated on LB agar plates.
The plates were incubated at 37°C overnight and quantitative
bacterial counts were determined [13].

2.7. Levels of IL-18 and TNF-a

The mice's lungs were weighted and homogenized in 2 ml of lysis
buffer containing 0.5% Triton X-100, 150 mM NaCl, 15 mM Tris, and
1 mM MgCl (pH 7.4), using a tissue homogenizer. The homogenates
were centrifuged (3000 X g, for 10 min). Two hundred microliters
of the supernatants of homogenizes of mice lungs of different
groups were collected at different intervals of time (1, 2, 4, 24,
and 48 h) after being stimulated with bacterial cells (PAC). The
enzyme linkage immunosorbent assay (ELISA) was used to
measure the mice's pro-inflammatory cytokines. The mouse
TNF-a ELISA kit and mouse IL-18 ELISA kit (KOMA BIOTECH
INC) in a wavelength of 450 nm were used. The manufacturer’s
instructions of companies were followed [13].

2.8. Statistical analysis

The Origin 8 software was used to do all operations of statistical
analysis. The data were expressed as means + SE. The
differences were evaluated using a student t-test and one-way
ANOVA. The P values less than 0.05 were considered to be
statistically significant.
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3. RESULT

3.1. Isolation and

aeruginosa

Fifty sputum samples were collected from patients suffering
from respiratory tract infections. From fifty sputum samples, only
eight (16 %) samples were identified as suspected P.
aeruginosa. These suspected isolates were run in VITEK 2
DensiCheck instrument (bioMe rieux) the results demonstrated
five P. aeruginosa (10 %). In the current study, the VITEK 2 was
used to identify P. aeruginosa as this method is a highly
accurate and very fast method as compared with the classical
method (Biochemical method). The P. aeruginosa that resists
the highest number of antibiotics was used for further study.

3.2. Levels of IL-1B in Mice Lung

ELISA was used to measure the levels of IL-13 in lung
homogenates of three groups (test and control groups) at
different time intervals (1, 2, 4, 24, 48 h) post-instillation
intranasally (i.n.) with a standard inoculum of bacterial
suspension. The significant elevation of IL-13 was observed as
early as 1 h post-instillation in the test group (as compared with
control groups A and B) and the levels of IL-1B increased
dramatically with time. The maximum levels of IL-13 were
observed at 4 h post-instillation. After this time point, the levels
of IL-1( decreased dramatically with time and the decrease was
slow. At time point 48h, the significant elevation of IL-1p was still
observed as compared with control groups (A and B). The
current study proved that a clinical isolate of P. aeruginosa
stimulates the production of IL-1f at a high level (Fig. 1).

Identification of P.
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Fig. 1. Time-course of changes in IL-1B levels of homogenized lungs
obtained from different groups of mice [test group, mice instilled (i.n.) with
clinical isolate P. aeruginosa (PAC); control group A, mice instilled (i.n.) with
sterile LB broth; control group B, mice instilled (i.n.) with sterile PBS (0.1 M,
pH7.2)]. 6, p < 0.05 vs control group A, *, P < 0.05 vs control group B.

3.3. Levels of TNF-a in Mice Lung

The levels of TNF-a were estimated in lung homogenized that
collected from test and control groups. The ELISA technique
was used to measure the level of TNF-a. The results are shown
in Fig. 2. This figure revealed that the significant production of
TNF-a was started as early as one hour post mice instillation. At
this time point the significant (P<0.05) elevation of TNF-a was
found in lungs collected from the test group as compared with
the level of TNF-a in the mice lungs collected from the control

group. The elevation of TNF-a was increased dramatically with
the maximum production of TNF-a by 4 h post instillation (i.n.)
and after this time a sharp decline in TNF-a levels was
observed. At the time point 48 h the significant elevation of TNF-
a was also observed in the lung homogenized test group as
compared to control groups A and B). From the current study, it
can be concluded that clinical isolate of bacterial cells of P.
aeruginosa could stimulate the lungs to produce TNF-a at a high
level.
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Fig. 2. Time-course of changes in TNF-a levels of homogenized lungs
obtained from different groups of mice [test group, mice instilled (i.n.) with
clinical isolate P. aeruginosa (PAC); control group A, mice instilled (i.n.) with
sterile LB broth; control group B, mice instilled (i.n.) with sterile PBS (0.1 M,
pH7.2)]. 6, p < 0.05 vs control group A, *, P < 0.05 vs control group B.

3.4. Lung Bacterial Load

In the present study, the standard inoculum of a clinical isolate
of P. aeruginosa was installed (i.n.) to test groups. The bacterial
count was checked at each time post-installation with bacteria.
The results in Fig. 3 show the bacterial number (c.f.u./gm tissue
lung) of a clinical isolate of P. aeruginosa (PAC) in lung
homogenized was high at all-time points. The peak of the
bacterial count of PAC was found at 48 h and the number of
bacteria was decreased after this time point.

o 61

-]

&

(@)

[

2 4/

Y

o

2 3]

3

e

(&) 2.

2

= 14
4h 24h 48h 72h
Time post bacterial instillation

Fig 3. Lung bacterial burden in the test group (mice instilled (i.n.) with 50 pl
(5 x 108 c.f.u./ml) of a clinical isolate of P. aeruginosa (PAC).
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4. DISCUSSION

In the respiratory tract of mice, the innate immune response to
P.aeruginosa is a multifaceted process. It begins with the
recognition of P. aeruginosa by pattern recognition receptors
(PRRs) like Toll-like receptors (TLRs), triggering the recruitment
of immune cells [14]. P. aeruginosa infection stimulates the
production of pro-inflammatory cytokines like IL-18 and TNF-a.
These cytokines enhance the immune response by promoting
inflammation and the recruitment of additional immune cells. In
the present study, the instillation of mice (animal model) with
bacterial cell bodies (P. aeruginosa) intranasally (i.n.) stimulated
the pro-inflammatory immune response, which was observed by
evaluation of IL-1 and TNF-a in experimental mice lungs. The
present study showed that the elevation of both cytokines was
high up to 48 h post-instillation with bacterial cells. That was
concomitant with the persistence of viable bacterial cells in the
lungs of mice up to 72 h post-installation. That remark the
infection of this bacterial (clinical isolates) along with persistence
in the pro-inflammatory cytokines and bacterial count may affect
negatively the lung tissue. The previous study proved that the
persistence of proinflammatory cytokine in the tissue may lead
to tissue damage [15]. Moreover, that elevation in both kinds of
proinflammatory cytokine did not help the mice's lungs to clear
up the bacterial cells from the respiratory tract system and that
can be proved by the presence of viable bacteria of P.
aeruginosa up to 72h. That is why, the instillation with infection
dose of P. aeruginosa affects negatively on the host by
promoting the pathogenicity of bacteria instead of stimulating
the innate immune system.

5. CONCLUSION

It can concluded that the instillation of the respiratory tract
system with clinical isolates of P. aeruginosa induces the
pathogenicity effect of this bacteria in terms of increasing the
level of pro-inflammatory cytokines for a long time and that may
damage the lung tissue. Moreover, the instillation with clinical
isolates of P. aeruginosa that are isolated from patients' sputum
induces the infection status instead of an innate immune
response.

Acknowledgment

We thank to the staff member of the Microbiology laboratory at Department
of Biology, College of Science, University of Baghdad, and the Microbiology
lab at the ministry of Science and Technology, Baghdad, Iraq for their
support.

Funding information
This work received no specific grant from any funding agency.

Conflict of interest
The authors declare that they have no conflict of interests.

Ethical Approval
This review was approved by the Ethical Committee of the University of
Baghdad, Baghdad, Iraq (No 149, 2020).

6. REFERENCES

[1] Pestrak MJ, Chaney SB, Eggleston HC, Dellos-Nolan S, Dixit S, et al.
(2018) Pseudomonas aeruginosa rugose small-colony variants evade
host clearance, are hyper-inflammatory, and persist in multiple host
environments, PLoS Pathog 14:e1006842. doi:
10.1371/journal.ppat.1006842. PMID: 29394295; PMCID: PMC5812653.

[10]

[11]

[12]

[13]

(14]

[15]

McHugh BJ, Wang R, Li HN, Beaumont PE, Kells R, et al. (2019)
Cathelicidin is a "fire alarm", generating protective NLRP3-dependent
airway epithelial cell inflammatory responses during infection with
Pseudomonas aeruginosa. PLoS Pathog 15:¢1007694. doi:
10.1371/journal.ppat.1007694.  PMID:  30978238;  PMCID:
PMC6481867.

Liu JR, Peng Y, Zhao YH, Wang W, Guo Y, et al. (2012) Clinical
manifestations and gene analysis of 2 Chinese children with cystic
fibrosis. Zhonghua Er Ke Za Zhi 50:829-33. Chinese. PMID:
23302613.

MR Hendricks, LP Lashua, DK Fischer, BA Flitter, KM Eichinger, et al.
(2016) Respiratory syncytial virus infection enhances Pseudomonas
aeruginosa biofilm growth through dysregulation of nutritional
immunity. Proc  Natl Acad Sci USA 113:1642-7. doi:
10.1073/pnas.1516979113. Epub 2016 Jan 4. PMID: 26729873;
PMCID: PMC4760822.

Carlile SR, Shiels J, Kerrigan L, Delaney R, Megaw J, et al. (2019), Sea
snake cathelicidin (Hc-cath) exerts a protective effect in mouse
models of lung inflammation and infection. Sci Rep 9:6071. doi:
10.1038/s41598-019-42537-8.  PMID:  30988402;  PMCID:
PMC6465284.

McBerry C, Gonzalez RM, Shryock N, Dias A, Aliberti J. (2012) SOCS2-
induced proteasome-dependent TRAF6 degradation: a common anti-
inflammatory pathway for control of innate immune responses. PLoS
One 7:€38384. doi: 10.1371/journal.pone.0038384. Epub 2012 Jun
5. PMID: 22693634; PMCID: PMC3367914.

Xiao W, Zhou G, Xu C, Xu J, Huang F, et al. (2016) Cigarette smoking
in different manners induces acute lung injury in rats. Zhejiang Da Xue
Xue Bao Yi Xue Ban 45:522-529. Chinese. doi: 10.3785/j.issn.1008-
9292.2016.09.11. PMID: 28087913; PMCID: PMC10400824.
Benihoud K, Esselin S, Descamps D, Jullienne B, Salone B, et al.
(2007) Respective roles of TNF-alpha and IL-6 in the immune
response-elicited by adenovirus-mediated gene transfer in mic. Gene
Ther 14:533-44. doi: 10.1038/sj.6t.3302885. Epub 2006 Nov 16.
Erratum in: Gene Ther. 2007 Mar;14(6):551. PMID: 17109009.
Wang HJ, Zakhari S, Jung MK. (2010) Alcohol, inflammation, and gut-
liver-brain interactions in tissue damage and disease development.
World J Gastroenterol 16:1304-13. doi: 10.3748/wjg.v16.i11.1304.
PMID: 20238396; PMCID: PMC2842521.

Zgair AK. (2012) Escherichia coli flagellin stimulates pro-inflammatory
immune response. World J Microbiol Biotechnol 28:2139-46. doi:
10.1007/s11274-012-1019-0. Epub 2012 Feb 12. PMID:
22806036.

Subhi IM, Zgair AK, Ghafil JA. (2017) Extraction and Purification of
Pseudomonas aeruginosa Lipopolysaccharide Isolated from Wound
Infection. World J Exp Biosci 5:5-8.

Funke G, Monnet D, deBernardis C, Von Graevenitz A, Freney J. (1998)
Evaluation of the VITEK 2 system for rapid identification of medically
relevant Gram-negative rods. J Clin Microbiol 36:1948-1952.
doi:10.1128/JCM.36.7.1948-1952.1998.

Zgair AK, Chhibber S. (2012) Stenotrophomonas maltophilia flagellin
restricts bacterial colonization in BALB/c mouse lung in vivo. FEMS
Immunol Med Microbiol 66:191-200. doi: 10.1111/j.1574-
695X.2012.00999.x. Epub 2012 Jul 16. PMID: 22715963.
Koppenol-Raab M, Sjoelund V, Manes NP, Gottschalk RA, Dutta B, et
al. (2017) Proteome and Secretome Analysis Reveals Differential
Post-transcriptional Regulation of Toll-like Receptor Responses. Mol
Cell Proteomics 16:5172-S186. doi: 10.1074/mcp.M116.064261.
Epub 2017 Feb 24. PMID: 28235783; PMCID: PMC5393387.

Kim KR, Park KK, Chun KS, Chung WY. (2010) Honokiol inhibits the
progression of collagen-induced arthritis by reducing levels of pro-
inflammatory cytokines and matrix metalloproteinases and blocking
oxidative tissue damage. J Pharmacol Sci 114:69-78. doi:
10.1254/jphs.10070fp. Epub 2010 Aug 10. PMID: 20703013.

Author affiliation

1. Department of Biology, College of Science, University of
Baghdad, Baghdad, Iraq.

2. Ministry of science and technology, Baghdad, Iraq.

15

World J. Exp. Biosci., 9 (2021) 12-15



