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Abstract

Background: One of the causative agents of the lower respiratory tract (LRT) is Pseudomonas aeruginosa
which can lead to severe infection associated with a lung infection. Many cytokines are secreted in response
to bacterial infection, in particular, interleukin IL-36 cytokine in response to P. aeruginosa infection. 1L36
promotes primary immune response via binding to the IL-36 receptor (IL-36R). Indeed, an over activity of
IL-36 might be an initiating factor for many immunopathologic sceneries in pneumonia.

The aims of Study: the involvement of IL-36 in the P. aeruginosa infection could be a clue to find a specific
way for treatments of different inflammatory and degenerative lung diseases.

Methodology and Results: we used manual and VITEK2 system to isolate and purify all the species, also
using qPCR real-time to demonstrate that the involvement of IL-36 cytokine in response P. aeruginosa
infection which is isolated from (LRT). We found that one of the most common pathogens is P. aeruginosa
after Klebsiella pneumonia, and more resistance bacterium against antibiotics is P. aeruginosa (P4).
Furthermore, we found that IL-36 cytokine increased in response to P. aeruginosa infection.

Conclusion: P. aeruginosa is one of the main causative agents in LRT in many hospitals in Iraq, and the
contamination and antibiotics resistance for these nosocomial pathogens is increased. Also, IL-36 expression
significantly upregulated in human lung epithelial (A549 cells) after infected by P. aeruginosa at the mRNA

level.
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Introduction

One of Gram-negative bacterium is Pseudomonas
aeruginosa, which is the main causative agent of LRT
infection. It can lead to nosocomial infection and
chronic infection in immunocompromised patients. The
most serious cases are sepsis and pneumonia (V). Due
to virulence factors of P. aeruginosa lead to increase
the proportion of multidrug resistance (MDR) in P.
aeruginosa 3.

In recent publication, IL-36 is classified as one
of members of IL-1 family ®. IL-36 binds with IL36
receptor complex and IL-1 receptoraccessory protein (IL-
1RACcP). Receptor of IL-36 could bind to the IL-33 and
the IL-1 receptor ®). The IL-36 induces primary immune
response and contributes to neutrophil accumulation or/

and dendritic cell activation -9, During early stage of P.
aeruginosa infection, many immune cells are activated
(-8 Interestingly, it has been reported that IL-36 mRNA
is unregulated during P. aeruginosa infection in human
bronchial cells ¥,

Taken together, these clarifications suggest that IL-
36 are involved in host defense against P. aeruginosa.
This involvement could be because inflammatory
cells recruitment and/or activation. The involvement
of IL-36 in response to P. aeruginosa infection is still
unclear. We hypothesized that IL-36 is involved in acute
P. aeruginosa lung infection. In this study, we also
demonstrate that IL-36 produced by A549 cells during
P. aeruginosa infection which is isolated from LRT.
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Methodology

Bacterial strains:

P. aeruginosa (P4) was chosen based on the
antibiotics resistance and virulence factors. P.
aeruginosa (P4) was used for all experiments, and grown
in lysogeny broth medium or agar. P. aeruginosa were
grown an overnight culture and were cultured at 37 °C
to reach ODyy, 0.4. It was equal 1x10%. P. aeruginosa
was 2x washed and diluted by DMEM medium with
10% heat-inactivated foetal calf serum to achieve an
appropriate MOL.

Culturing of human lung cell line

The incubation conditions for AS549 cells was
37°C and 5% CO,. Trypsinisation was used to harvest
A549 cells. Briefly, A549 cells were washed with Sml
HBSS without Ca*™ and Mg*™". Then 2.5ml of 1x trypsin
(Lonza) was added and keep the flask in incubator for
8min. 10ml of DMEM medium was added to pellet. The
pellet was spent down at 300xg for Smin and then re-
suspended with Sml DMEM. An appropriate number of
A549 cells were counted for seeding to next experiments.

Antibiotics sensitivity test

The Kirby-Bauer standardized single disk method
was performed according to Kirby method 9. Briefly,
Mueller Hinton medium plates were prepared. Using
an L-shape sterile spreader, P. aeruginosa is evenly
seeded throughout the plates. The bacterial cells density
was approximately 1x10% cell/mL. This density was
compared with ODg, about 0.4. The antibiotic disks
were used with standard concentration. The antibiotics
disks are evenly dispensed and placed onto the medium
and then incubated at 37 °C 24h in an incubator. Using
a ruler, inhibition zone was measured to the nearest
millimeter (mm) Therefore, the susceptibility of bacteria
to an antimicrobial agent was detected as compared to
the zones of inhibition determined by formerly NCCLs
(2014) (D,

Infection assay

To count number of P. aeruginosa per cells, it was
used a kanamycin-protection assay. 1ml of overnight
culture of P. aeruginosa was centrifuged and re-
suspended in DMEM to prepare different MOI 10, 50
and 100. The A549 cells were infected at 37°C at 5%
CO, for 2hr, and then 2x washed twice with HBSS. All
wells were 3x washed with HBSS, and added 0.2% (v/v)
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Triton X-100 added for 15min. Serial dilutions were
plated onto LB agar or nutrient media and incubated
at 37°C for 36hr. CFU equation were used to count the
bacterial colonies. The CFU equation as: CFU/mL = (no.
of colonies x dilution factor) / volume of culture plate.

Real time RT-qPCR

Mini Kits of QIAGEN RNeasy was used to
extract mRNA from infected and uninfected A549
cells. Complementary DNA (cDNA) was made for the
gPCR by using a Reverse Transcription Kit. 2x qPCR
SYBR green Master Mix from Primer Design Precision
company was used to perform PCR. Primers and probe
sets in plate for our interested gene and internal house
keeping control. Then the plate of qPCR was placed into
the machine which is 7900HT AbiPrism system and
run by 40 cycles. qPCR technique allows the cycling
point identification where the product is visible by
means of fluorescence emission. The C, value correlates
to the quantity of target Interleukin 36 (IL36). IL-36
primers are used f: GGACCGTATGTCTCCAGTCAC,
r: GTCCCCGACTTTAGCACACA, and B-actin
primers are used f:CCTTTGCCGATCCGCCG and
r:GATATCATCATCCATGGTGAGCTGG. These
primers were obtained from Thermofisher Company.
The level of relative expression was normalized against
suitable housekeeping genes. The AAC, method was
used for comparing relative fold expression differences.

Statistical Analyses

GraphPadd prism.8 was used to make all graphs and
analyse the data statistically. The significant differences
between samples were determined using one and two-
way ANOVA for multiple comparisons. Results are
shown as mean + SEM.

Results

Isolation of bacteria

The aim was to examine which species are the most
virulent pathogen in lower respiratory tract infection. We
collected 50 specimens from different hospitals in alnajaf
province. We diagnosed form all samples depending on
phenotyping, biochemical tests, morphology shape and
selective media. Findings showed that only 21 specimens
have bacteria but other samples have no bacteria. The
highest number is Klebsiella pneumonia 9 (42.86%).
The lower number is Staphylococcus aureus 3 (14.28%).
However, our interest pathogen P. aeruginosa 5 (23.81)
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% and other bacteria were about (19.05), as demonstrated in Fig 1. It seems that the main our interested bacterium
from the main pathogen in lower respiratory tract infection.

Bl 42.86% K. pneumonia
B 23.81% P. aeruginosa

B 14.28% S. aureus
BR 19.05% Burkhoderia. cepacia

Figure.1 Percentage of different types of bacteria isolated from lower respiratory tract infection (LRT). Data shows number
and percentage of isolates from 50 sample of LRT infection from different hospitals in Alnajaf province (Alsadar Medical city
and Alforat hospital). Pure colonies were isolated and placed in VITEK?2 microbial identification. To more validation, manual
diagnostic methods have been performed included biochemical and culturing tests.

Antibiotics sensitivity test

As shown in Fig 1, the percentage of P. aeruginosa seemed more correlate to be the main causative agent of LRT
infection. These strains were selected to closely study to determine which strain has the highest antibiotics resistance.
This section aimed to select the highest species to antibiotics resistance. All isolates were screened for antibiotics
sensitivity. The finding shows that there is a variation of antibiotics resistance for isolates. P. aeruginosa (S-4) has
highest antibiotics resistance than other samples, as demonstrated in Fig 2.

Ml Resistnace
= Intermediate
100+ = Sensitive

Inhibtion zone (mm)
H (=23 =]
o o o
1 1 1

N
o
1

Figure.2 Antibiotic profiles of P. aeruginosa used in this study. P. aeruginosa of bacteria are purified and plated on Muller
Hinton agar using sterile swap, different types of antibiotics disk were placed on the plates, and bacteria were incubated for 24hr
to measure the inhibition zone. The findings are mean of 3 independent experiments with duplicates.

Infection efficiency of P. aeruginosa in A549 cells host cells at 2hr. The MOI was used 10, 50, and 100
bacteria per each mammalian cell. The finding shows
This section was to test a different multiplicity of  that the number of bacterial per host cells was increased
infection to determine which MOI can attach to A549  rejated with MOIs (Fig 3). The MOI 100 was statistically
cells. This cell line was infected with P. aeruginosa  gionificantly different than other MOL It was suggest
to measure the total bacterial infection after 2hr, and  that this MOI can use to further experiments.
to detect the best MOI to the further experiments. The
CFU equation was used to count how many bacteria per
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Figure .3 P. aeruginosa infection in A549 cells at different MOI of infection. A549 cells were infected at MOI 10, 50, 100.
The total number of P. aeruginosa was counted after 2hr using CFU methods. Using one-way ANOVA to test the significant
differences, where ** p<0.01 meant significant. The findings are the means of 3 experiments performed in 3 replicates (+
S.E.M).

IL-36 induced in A549 cells during P. aeruginosa
infection

The aim of this section was to test whether IL-36 is
changed in the A549 cells infected P. aeruginosa clinical
strain. In brief, we tested a mRNA expression during 3
time points during bacterial infection. To do this, nRNA
from A549 cells is extracted before and after infected

by P. aeruginosa. Complementary DNA (cDNA) were
made for all samples during 3-time points. The PCR
products were quantified by using the SYBR green
pigment. The C, was used to quantify the findings. Also,
AAC, method to calculated the fold change using the
2-8AC_ equation. IL-360. mRNA level was significantly
up regulated in response to P. aeruginosa infected A549
cells during all the time points included: 4, 6 and 24hrs
post infection (Fig 2).
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Figure.4 IL36 expression during P. aeruginosa infection in A549 cells over-time.
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Both infected and non-infected A549 cells were
harvested at 2, 6 and 24hr post-infection. Using qPCR
to determine the mRNA level post infection. The
significance of differences were analysed using two-way
ANOVA, where ** p<0.01; **** p<(0.0001 significant
compared to non-infected A549 cells. The results are the
means (+ S.E.M) of 3 experiments in 2 replicates.

Discussion

The aims were to select the highest bacterial
antibiotics resistance and to determine that IL-36
plays a role in P. aeruginosa infection. We found
that K. pneumonia and P. aeruginosa are the main
causative agents in LRT infection (Fig 1). This finding
is in agreements with the previous findings of (!> 13,
Zhou et al have found that P. aeruginosa percentage
was about 25.2% and K. pneumonia was 31% (4,
Ramana et al, also found that K. pneumonia is the most
common pathogens in LRT infection 2. This does not
support our findings that revealed P. aeruginosa has
a sensitivity to Ampicillin. Another study supported
our result, which demonstrated P. aeruginosa to have
resistance to erythromycin and sensitive to gentamicin
(Fig 2) 19, Taken together, it seems that P. aeruginosa
is one of main the causative agents of LRT infection,
and it must be taken seriously. It is probably that the
mechanism of antibiotics resistant is upgraded and
that are not likely updated in Iraq, in particular, alnajaf
hospitals. The reason for that could be the clinician
staff have a lack of awareness to avoid contamination.
We strongly suggested that using antibiotic randomLy
must be avoided; otherwise, the problem will be
increased. In the (Figs 3 and 4), we demonstrated that
the bacterial efficiency in A549 cells and the role of IL-
36 in P. aeruginosa infection. Interestingly, we showed
that IL-36 mRNA level appeared to increase in A549
cells. Significant induction of 1L-36 mRNA level was
observed between 2 and 6h (p < 0.001) in A549 cells,
while IL-36 mRNA was highly increased at 24h (p <
0.0001) relative to uninfected controls, as demonstrated
in Fig 4. Some studies report that IL-36 plays a positive
role in bacterial infection. In particular, it has a positive
role in P. aeruginosa infection 12, This observation was
in agreement with our data that shows IL-36 increased
during P. aeruginosa infection. Interestingly, Vos et al
have reported that IL-36 mRNA is unregulated in human
bronchial cells during P. aeruginosa infection (Vos, van
Sterkenburg et al. 2005). Ultimately, this explanation
suggests 1L-36 induces as primary immune response of
host defense against P. aeruginosa.
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Conclusions: IL-36 could contribute in early stage
of immune response to P. aeruginosa infection. It is
likely that the bacterium induced the inflammatory
cell recruitment, and induced the cells to activate
during infection. Our observation could approve
our understanding for the mechanisms of bacterial
pathogenesis in the epithelial cells, and also could
identify a new therapeutic target in lung diseases using
antibodies, or block material to this cytokine.
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