Tikrit Journal of Veterinary Sciences (2023) 1(2): 262-268

DOI: 10.25130/tjvs.5.1.28

IRROI

Academic Scientific Journals

VS

Tkt oural o eeiary Scoes

Tikrit Journal of Veterinary Science W\ F 2/

Pseudomonus aeruginosa as a trigger factor inducing activation of immune

cells gene signaling

Muthanna Ali Sultan '

IDepartment of Microbiology, College of Veterinary Medicine, Tikrit University, Tikrit City,

Iragq.

ARTICLE INFO.

Article history:
-Received:
-Accepted:
-Available online:

Keywords:

Gene expression,
Immune cells, bacterial
activation , cell

culture.

Corresponding Author:
Name:

Muthanna ali Sultan
E-mail:
muthanna.sultan@tu.edu.ig
Tel: 07764674086

ABSTRACT

Background: Pseudomonas aeruginosa is a Gram-negative bacilli and an

opportunistic pathogen capable of invading the host to cause severe, acute,
and chronic infections, particularly in immunocompromised patients.
Understanding the host immune response (both innate and adaptive) and
elucidating the role of inflammatory biomarkers induced by this bacterium
present a major challenge, yet represent a critical step toward overcoming
therapeutic difficulties.

Methodology: In this study, cell culture techniques were utilized to
investigate the immune response directed against Pseudomonas aeruginosa.
Immune cells were isolated from the bone marrow of experimental mice. The
cell cultures were subsequently divided into two primary groups: the control
group (naive, unactivated cells) and the experimental/disease group (cells
challenged and stimulated with bacterial cells). Following incubation, total
RNA was extracted and reverse-transcribed into complementary DNA
(cDNA) to evaluate the relative gene expression levels of inflammatory
biomarkers via quantitative polymerase chain reaction (qPCR).

Results: The findings demonstrated that the stimulation of bone marrow-
derived immune cells by Pseudomonas aeruginosa induced a statistically
significant and robust upregulation in the gene expression levels of
inflammatory biomarkers. Compared to the unstimulated control group, the
gene expression of tumor necrosis factor-alpha (TNF-a) increased by ge 20-
fold, nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB)
by ge 15-fold, and interleukin-2 (IL-2) by ge 40-fold. Additionally, the results
revealed a strong correlative relationship among these three biomarkers in
driving inflammatory pathways.

Conclusions: This study concludes that Pseudomonas aeruginosa exerts a
potent stimulatory effect on activating intracellular inflammatory signaling
pathways within bone marrow-derived immune cells. Based on these data and
the established correlation among the investigated biomarkers, the study
recommends further comprehensive research to delineate the precise
underlying mechanisms. Utilizing these biomarkers as promising therapeutic
targets could facilitate the development of novel medical strategies to combat
Pseudomonas aeruginosa infections.

262


mailto:muthanna.sultan@tu.edu.iq

Tikrit Journal of Veterinary Sciences (2023) 1(2): 262-268

DOI: 10.25130/tjvs.5.1.28

Introduction

Pseudomonas aeruginosa (P. aeruginosa) is an
aerobic, non-spore forming gram-negative, which
is able to cause a variety of infections in immune
related patients [1].P. aeruginosa is an
opportunistic pathogen that has the ability to
invade patients with immunodeficiency, chronic
obstructive pulmonary disorder (COPD), tumor,
cystic fibrosis, burn wounds, and severe infection
requiring ventilation, such as COVID-19 [2]. The
immune system in general is a mechanism that
allows a living organism to discriminate between
self and non self [3]. The human immune system
is a defense system which has the ability to
neutralize and/or destruct pathogens, However,
there are some certain other bacterial pathogens
which have the ability to invade and causing
destruction of the immune system where it makes
the option of the treatment as a challenge .thus
P.aeruginosa is one of these bacteria which stands
out as high virulent microbe as it has the ability to
impaired the immune system [4]. The immune
system has the ability to eliminate the infections
by the integrated efforts of the innate and adaptive
immunological systems, but there are some
bacteria which cannot be eliminated completely in
persistent infections, including those linked to P.
aeruginosa.

Material and methods
Mice

Mus musculus (mice) aged of 8-10 weeks and
20mg of weight which was obtained from the
animals house of the veterinary medicine institute
at university of Tikrit. Pathogen-free conditions
were provided in the Animal Facility. Mice were
housed under environmental healthy controlled
conditions. These studies were approved already
by scientific committee.

Cell Culture Media (Complete Medium)-
RPMI 1640

Rosewell park memorial institute (RPMI)
media-1640 (RPMI-1640) was obtained .A
volume of 9 ml which was taken, then 1 ml of
Fetal Bovine Serum (FBS) was added which to be
represented by 10 % and the media were kept in
the refrigerator and mixed well before using.

Preparation of immune cells isolation

Bone marrow was the target primary lymphoid
organ which was choosen for isolating of immune
cells.
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Bone Marrow Isolation

Femur bone was used to isolate the target
immune cells of bone marrow from the mice
where the cells was collected by pushing syringe
with 2mm gauge inside the whole of the femur
bone then the cells were washed with PBS and
centrifugated with 1300rpm for 7 minutes. The
wash was repeated twice where eventually single
cell suspension of bone marrow immune cells [5,
6].

RNA Extraction and cDNA Synthesis

Trazol plus RNA kit used based on the
instructions of the manufacturer. After the
extraction, the RNA then eluted in 20 pL by using
RNase-free water which adjusted according to the
size of the precipitate.Nanodrop (Thermo fisher
scientific, USA) was employed to assess the
quality and concentration of the isolated RNA.
Subsequently,500 ng of the extracted RNA was
used to synthesize the complementary strand
(cDNA) using transcript of the first strand of
cDNA synthesis super mix Kit (China)
according to the instructions.

Quantitative PCR Amplification

Trans start green qPCR Super Mix, gPCR
master mix. Trans start tag DNA polymerase
SYBR Green 1, dNTPs, PCR enhancer and
stabilizer, were utilized. The genes of interest that
were studied in this investigation were quantified
and specifically relative gene expression which
was quantified according to housekeeping gene
which represented by (GAPDH) and the target
genes studied from treated and control group
relative gene expression was quantified based on
the expression of housekeeping genes and the
genes studied from the unactivated immune cells
(control group) as well as activated immune cells
(disease group). The conditions toward the
cycling environment were as follows: 45 cycles
which consist of three steps at 98°C for 30
seconds,98°C for 10 seconds, and 60°C for 30
seconds respectively. mMRNA concentrations were
determined and normalized to the housekeeping
gene in each sample [7].
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Table (1) : Sequences of the primers realted to the target genes of tye study

Gene Primer Sequence
GAPDH-HKG | Forward AGGTCGGTGTGAACGGATTTTG
Reverse | TGTAGACCAAGTAGTTGAGGTCA
NFKB Forward CGCAAAAGGACCTACGAGAC
Reverse TGGGGGAAAACTCATCAAAG
IL-2 Forward AACCTGAAACTCCCCAGGAT
Reverse CATCATCGAATTGGCACTCA
TNFa Forward AGAGGCACTCCCCCAAAAGA
Reverse CGATCACCCCGAAGTTCCCATT

STATISTICAL ANALYSIS

In order to apply the statistical analysis |,
graphPad prism 6.0 software was used, and built-
in one-way ANOVA (Tukey's multiple
comparisons tests) and multiple t test comparisons
with Holm-Sidak correction method were applied.
AACT method was applied to quantify the relative
expression of the target genes. P < .05 was
considered to be statistically significant.

RESULTS

P.aeruginosa activated TNFa gene expression
signaling in Bone marrow immune cells

The results of our study indicated an activation
of the immune cells of bone marrow which led to
an upregulation in the gene expression of the
proinflammatory gene marker Specifically Tumor
necrotic factor Alpha (TNFa), in Bone marrow
immune cells activated with P.aeruginosa with
more than 20 folds compared with naive (control-
B.M. non activated immune cels) (immune cells
only with RPMI media) as listed below in figure
1.
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Figure 1: TNF o gene expression in Bone marrow immune cells between control -unactivated cels and
activated bone marrow immune cells with more than 20 folds .

P.aeruginosa activated NFK-B gene

expression signaling in Bone marrow

immune cells

Our study indicated an activation in the

proliferation of the immune cells of bone marrow
which

led to an upregulation in the gene
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expression of the proinflammatory gene marker
Specifically NFK-B, in Bone marrow immune
cells activated with P.aeruginosa with more than
15 folds compared with naive (control- B.M.
unactivated immune cels) (immune cells only with

RPMI media) as listed below in figure 2.
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Figure 2: NFK-B gene expression in Bone marrow immune cells between control -unactivated cels and

activated bone marrow immune cells with significant increase more than 15 folds .

P.aeruginosa activated NFK-B gene

expression signaling in Bone marrow
immune cells

The results of our current study has been
showing an activation of the immune cells of
bone marrow which led to an upregulation in

the gene expression of the proinflammatory

gene marker Specifically Interleukin 2(1L2),
in Bone marrow immune cells activated with
P.aeruginosa with more than 40 folds
compared with naive (control- B.M. non
activated immune cels) (immune cells only

with RPMI media) as listed below in figure 3.
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Figure 3: Figurel-1L2 gene expression in Bone marrow immune cells between control -unactivated Bcels

and activated bone marrow immune cells with significant increase more than 40 folds.
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DISCUSSION

The transferring of the cells from their natural
environment to controlled artificial environment
after few steps of processing called cell culture.
Recent studies have been finding that there is a
similarity in the identity between mice and human
genome with more than 85%, thus the scientists
have employed this identity to test the hypothesis
of understanding the mechanism of human
diseases as recent data have suggested a genetic
homology between human and mice .

Although bone marrow was earlier considered
as one of the primary immune organs. But, the
evidences and recent studies have been
demonstrated the different immune cells which
include T cells,, B cells, NKT cells, and other
immune cells, has been observed in the bone
marrow [8]. [9].

P.aeruginosa is a bacteria which has been
found to induce many factors including Tumor
Necrotic Factor Alpha (TNFa) TNFa is a cytokine
which has major role in the regulation of
inflammation by inducing pro-inflammatory
signaling [10]. Additionally it has been found that
TNF o has major role involving of many
pathological conditions related of immunological
diseases including autoimmune diseases by
binding to many receptors including the receptors
which  associated  with  cell  surviving,
differentiation  and proliferation as well as
signaling of chronic inflammation [11]. All these
studies have been agreed with the data of the
current study where it has been found that TNFa
gene expression signaling has been increased
significantly with more than 20 fold and in bone
marrow immune cells cultured with P.aeruginosa
compare with naive (unactivated bone marrow
immune cells with RPMI media) suggesting the
activating role P.aeruginosa inducing
inflammatory signaling pathways.

The transcription factor NF-xB has a crucial
role of in progressing and development of
adaptive immune functions and has been playing a
crucial role in inflammatory immune response
[12]. NF-xB has been considered a potent inducer
of pro-inflammatory genes encoding related of

cytokines ,chemokines, interferons and also
participates in inflammasome regulation [13].
Moreover, NF-xB plays a critical role in
regulating  the  survival, activation and

differentiation of innate immune cells and
inflammatory T cells [14]. All the results of these
studies have been agreed with the results of our
current study where it has been found that NF-
Kappa B gene expression signaling has been
significantly increased with more than 15 folds in
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bone marrow cultured with P.aeruginosa for 24
hours compared with naive group (control -Bone
marrow and RPMI media alone).

The data of the current study has been putting
the spotlight on the relationship between TNFa
and NFK-B which have been well supported by
the results of previous recent studies where it has
been shown that there are a well relationship
between NFK-B and TNFa cytokine where it has
been shown that TNF o knockout mice were
unable to activate NFKB [15]. TNF family
cytokines induce rapid induction of genes
associated with regulating inflammation, and cell
proliferation  and  differentiation,  through
activation of the NF-kB pathway [16, 17]. All in
all, these results suggests to go through more
investigation on targeting the relationship between
NFKB and TNFa for future target therapies
against infection with P.aeruginosa.lL-2 plays
such a  central role in proliferation and
maintenance of T cells [18]. The expression of
IL2 upregulated Upon TCR stimulation [19].
These results support our study where it has been
found that 1L2 was significantly increased in bone
marrow immune cells activated with P.aeruginosa
compared with naive bone marrow immune cells
Moreover, it has been noticed that there are a
well-established relationship between IL2 gene
expression and NFKB activation which supports
the results of the current study where it has been
finding that there is an upregulation in the gene
expression in both NFKB and IL2 which these
results can be employed for developmental useful
therapeutic strategies [20, 21].
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