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ABSTRACT

EEELIREL W E Salmonella typhi as a human pathogen stimulates the human immune system and triggers gene
expression changing its pathogenesis. Therefore, we aimed to investigate the expression levels of IFN-y and TNF-a cytokines
in human blood macrophage-like monocytes in dealing with clinical and standard samples of Salmonella typhi in vivo.

In this cross-sectional descriptive study, a total of 60 stool samples from patients with
gastroenteritis were cultured and biochemical tests were used to diagnose Salmonella. Also, venous blood samples were
taken for peripheral blood mononuclear cell (PBMC) isolation, and PBMCs were cultured in a culture medium containing
4x103 CFU/mL treatments of Salmonella typhi pathogen and standard. Cytotoxicity tests were also performed to determine
the concentrations. Finally, quantitative expression levels of IFN-y and TNF-a were measured and the results were analyzed

by statistical tests.

The results of the cytotoxicity test showed the use of Salmonella typhi concentrations for treatment in an
authorized culture medium at a concentration of 4x103 CFU/mL. In comparison to control samples, significantly increased
expression levels of the TNF-a gene have been detected in pathogen strain and ATCC strain (P<0.05) (P=0.0198).
Furthermore, significantly increased expression levels of the IFN-y gene have been detected in the pathogen strain and ATCC

strain (P<0.05) in comparison to the control sample (P=0.0001).

Increased and significant expression of IFN-y and TNF-a cytokines in the sample group treated with pathogen
strain and ATCC strain indicates polarization of macrophages stimulated by Salmonella typhi in vitro.
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1. Introduction

The genus Salmonella consists of rod-shaped, Gram-
negative, non-spore-forming, and mostly motile
intestinal bacteria with 0.7-1.5 pum in diameter and 2-
5 um in length. These facultative anaerobic bacteria
use organic substrates and redox reactions to obtain
energy. Most Salmonella serovars produce hydrogen
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sulfide (H2S) and are not able to ferment lactose,
which can easily be detected by growing in an
environment containing iron sulfate. There are more
than 2,500 salmonella serotypes (serovar) that are
classified based on cell wall antigens (O antigen),
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flagellar antigens (H antigen), and surface or envelope
antigens (1, 2).

Salmonella typhi can colonize in several human
organs and is present in the lymph tissues of the small
intestine, liver, spleen, and bloodstream of infected
patients. Infection in animals is not known and is more
common in developing countries with poor health
systems and a lack of antibiotics. Typhoid fever is still
common in developing countries, affecting approxi-
mately 21.5 million people each year (3, 4).

Salmonella is a very successful intestinal pathogen
because it has different strategies to deal with the
host immune system. Gastrointestinal mucosa, the
first innate immune barrier, is a thick layer of mucus
that covers the surface of the intestinal epithelium.
Other barriers include macrophage cells, which are
innate immune-specific phagocytic cells that belong to
one of the cell types present in connective tissues. As
mobile and fixed cells, they have important effects on
the body's innate immune system (5). Macrophages
are classified as mononuclear phagocytic cells, which
in addition to macrophages, also include monocytes,
promonocytes, and their progenitor cells. The main
function of these cells is to "cleanse" the blood, lymph,
and other tissues by swallowing or phagocytosis of
various particles. Macrophages are taken from the
bone marrow, distributed throughout the body, and
have different shapes and characteristics, often
depending on the tissue in which they are found, the
degree of differentiation, and the age or life span of
the organism in which they are found (Figure 1) (6).
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Over the past few years, the analysis of changes in
MRNA expression has been explored in many studies.
The results showed significant mRNAs expression
changes in many infections, such as Salmonellosis.
These expression profiles can be used in the treat-
ment, prevention, and diagnosis of infected patients
(7, 8). Clinical results obtained from gene expression
profiles in different studies have led to different
results, which has made their certainty and reprod-
ucibility questionable. Of course, it is clear that these
differences may be due to the variety of test designs,
including patient types, small tissue size, and lack of
control samples in the experiments. Although studies
of analytical tools have led to these differences and
dissatisfaction with the use of these methods, studies
still give us good information (9-11).

Classically or alternatively activated macrophages
are immune-affecting cells and produce large volumes
of lymphokine that are associated with the expression
of genes such as IFN-y, TNF-a, and TNF-B. During the
immune response to various infectious agents, M1
and M2 macrophages are activated (12). In immune
regulation mechanisms, the polarization of this popu-
lation forms the basis of homeostasis. One way to
confirm polarization is to express the IFN -y and TNF -
a cytokines for phenotype M1 and TGF{ for pheno-
type M2. The aim of this study was to investigate the
effect of Salmonella typhi on the activity of human
blood macrophage-like monocytes in vitro. For this
purpose, the expression of IFN -y and TNF -a cytokines
are used to confirm the polarization of Salmonella
typhi-stimulated macrophages (13-16).
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Figure 1. Schematic representation of immune cell interactions in Salmonella typhi infection (14).

2. Material and Methods

This cross-sectional descriptive study was perfor-
med with ethics code IR.lums.REC.1399.023 in 2021
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on 60 samples of feces collected from patients with
clinical signs of gastroenteritis admitted to the internal
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wards of Ayatollah Boroujerdi, Dr. Chamran, Imam
Khomeini, and Kosar hospitals, Boroujerd, Iran. The
volunteers were given brief explanations by a specia-
list and written consent was obtained. A questionnaire
was completed to collect patients' demographic
information. In this study, people who did not sign a
written consent, who had taken antibiotics before
sampling, and also had a suppressed immune system
were excluded from the study.

Sample Collection

Stool samples were collected in a clean, wide-
mouthed plastic container with a tight, leak-free lid.
The container was free of preservatives, detergents,
metal ions, or toilet paper. At least one gram of stool
with normal consistency (about the size of a hazelnut)
or 5 mL of diarrhea stool was used for culture. Stool
samples were taken fresh and cultured up to 2 hours
after sampling.

Isolation and Identification of Salmonella sp.

To identify Salmonella sp., biochemical tests,
including oxidase, nitrate, glucose fermentation, and
gas production, TSI (H2S +), lactose-sucrose-ONPG,
IMVICC (- + -) were performed. The Salmonella typhi
ATCC14028 was used as a control purchased from Iran
Scientific-Industrial Research Center (17).

Isolation of Peripheral Blood Mononuclear Cells
(PBMCs)

First, 15 cc of fresh heparin-containing venous blood
was obtained from healthy volunteers. Then, under
sterile conditions, an equal amount of phosphate-
buffered saline (PBS) was added. Five mL of Ficoll
(Inno-train, Germany) was added to 5 mL of blood
mixed with PBS in a 15-cc tube. Blood was slowly
added, eventually forming two separate phases. It was
then centrifuged at 2000 rpm for 30 minutes. After
that, a white, cloudy halo formed in the middle, which
are PBMC cells. Platelets and plasma were elevated,
and red blood cells and granulocytes were preci-
pitated. Finally, PBMCs were gently removed with a
Pasteur pipette, and cell survival percentage was
counted after staining with trypan blue. PBMCs were
then cultured in a flask containing RPMI 1640 (Roswell
Park Memorial Institute) (Gibco, USA), FBS 10% (Fetal
Bovine Serum) (Gibco, USA), and Pen-Strep 1%. The
flask was incubated at 37°C and 5% CO2. Monocytic
populations were separated from floating cells in a
complete cell culture medium by the adhesion
technique. Mononuclear cells were attached to the
culture medium and transformed into macrophage-
like monocyte cells, which confirmed the morphology
of macrophage-like monocytes using a contrast phase
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microscope. After 3 days, the culture medium was
changed, and the cells were passaged in three flasks
separately, and each flask was treated (18).

It should be noted that the concentration of stimuli
was previously determined by a cytotoxicity test using
trypan blue. The results showed the use of Salmonella
typhi concentrations for treatment in the authorized
culture medium at a concentration of 4x 10° cfu/mL.
Under completely sterile conditions, macrophage-like
monocytes attached to the culture medium were
separated from the flask by a scraper. After washing
with serum-free medium (2000 rpm for five minutes),
cell sediment was used to study gene expression in the
next step.

RNA Extraction with TRIzol

TRIzol ™ Reagent Cat Numbers 155960 (Thermo
Fisher Scientific, Inc.) was used to extract RNA from
the flask. In addition, RNase / DNase free microtubes,
filtered tips, and nuclease-free water were used to
prevent DNA contamination. In addition, RNase
enzyme (Yekta Tajhiz, Iran) was used to remove
extracted RNA.

cDNA Syntheses

Smobio (Taiwan) was used for cDNA synthesis
according to the kit instructions. 500 ng of RNA was
removed from each sample and reached a volume of
4 ulL with water. Then 0.5 pL of dNTPs and 0.5 pL of
Oligo dt and Random hexamer primers were added
and incubated at 70°C for 5 minutes in a thermocycler
device. Then 2 pL of DTT, 2 pL of DEPC water, 0.5 uL of
RNAse inhibitor and finally 0.5 pL of RT enzyme were
added to each microtube. All microtubes were
incubated in a thermocycler device for 50 minutes at
45°C.

Expression of TNF-a, IFN-y using Real-Time PCR

For real-time PCR, Amplicon master mix and SYBR
Green were used, which contains fluorescence and,
after connecting to double-stranded DNA, emits
fluorescent light. Finally, this light is measured by a
Real-Time PCR device. In these reactions, the
prepared cDNA was used as the template. GAPDH
primer was used as an internal control. The sequence
of primers used is shown in Table 1.

Statistical Analysis
All data obtained from Real-Time PCR were analyzed
using Excel and GraphPad Prism software. Finally, the
results were analyzed using the one-way ANOVA test,
and statistical results less than 0.05 were considered
significant.
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Table 1. The sequence of primers for Real-time PCR (37)

Primer Sequence Molecular weight
IFN-y F TTGGGTTCTCTTGGCTGTTA
151bp
IFN-y R TTCTGTCACTCTCCTCCTCCA
TNF-a F TTGGGTTCTCTTGGCTGTTA
251bp
TNF-a R TTCTGTCACTCTCCTCCTCCA
GAPDH-F TGCTGTCTCCCTGTTTGATGTATCT
86 bp
GAPDH-R TCTCTGCTCCCCACCTCTAAGT
3. Results
Sample Collection Results 5514, were studied. Salmonella spp. was isolated from
Sixty patients with clinical signs of gastroenteritis, these 60 collected specimens, 3 of which were
including 39 men and 21 women with a mean age of Salmonella typhi.

Table 2. Results of biochemical tests of fecal samples

Organism kIA HS Gas MR VP citrate LDC Urease Arabinose decaorrl;‘;:(l\r;lase Rhamnose  Trehalose
Genus:
Salmonella ALK/, + - + - - + - - - - +
Typhi
Results of Specificity and Sensitivity of Primers Investigation of the Specific Amplification of Real-
In order to design the primers, the mRNA sequence time PCR Products
was extracted from the NCBI databases; the desired The final products obtained from Real-time PCR
regions were designed for the target genes by Gene were loaded on 5% agarose gel and electrophoresed
runner. Finally, the regions were specifically approved to ensure the amplification of specific fragments of
in the BLAST database. each gene and the absence of non-specific products

and dimer primers. In addition, the melting curve was
used (Figure 2).
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Figure 2. Melting curve of studied genes such as TNF-a and IFN-y, which indicates the specificity of their amplification.

Results of TNF-a Gene Expression Salmonella typhi or ATCC14028 standard strain with a
Quantitative expression of TNF-a gene in 60 cell concentration of 4x103 cfu/mL was measured by Real-
culture media grown in medium containing Time PCR after RNA extraction and cDNA synthesis.
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The results showed that the relative changes in TNF-a
gene expression in PBMCs treated with pathogen and
ATCC strains both had a significant increase compared
to the control sample (p: 0198). Also, the one-way
ANOVA test and Tukey's multiple comparison tests

Table 3. Comparison of TNF-a gene expression in target groups

Mean Diff.

were used for the group’s comparison (Table 3). The
increase in TNF-a gene expression in the pathogen
group was statistically significant than in the control
group.

Tukey's multiple comparisons test
Control vs. ATCC -0.4589
Control vs. Pathogen -1.875
ATCC vs. Pathogen -1.416

95% Cl of diff. Significant?

-1.948 to 1.030 No
-3.364 to -0.3861 Yes
-2.905 to 0.07280 No

Quantitative results of changes in TNF-a gene
expression in control samples and in PBMCs treated
with the pathogen and ATCC14028 strains are shown
in Figure 3, and the multiplication of this gene (folds)
in each sample is shown in Table 4.
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Figure 3. Changes in TNF-a gene expression in control,
ATCC, and pathogen samples

Table 4. Expression TNF-a gene

Sample Type Fold Change

control 1
ATTC 1.45
Pathogen 2.87

Results of IFN-y Gene Expression
Quantitative expression of IFN-y gene in the control
group, samples treated with the pathogen and
ATCC1609 strains was measured by Real-time PCR
after RNA extraction and cDNA synthesis. The results
showed that the relative changes in IFN-y gene
expression in PBMCs treated with the pathogen and
ATCC14028 strains both had a significant increase
compared to the control sample (P=0.001) (Figure 4).
Also, using the One-way ANOVA test and Tukey's
multiple comparison test, the groups were compared
with each other, and the results are shown in Table 5.
A statistically significant increase in IFN-y gene
expression in the pathogen group was observed than

the control and ATCC 14028 groups.

Table 5. Comparison of IFN-y gene expression in control, ATCC 14028 and pathogen

Tukey's multiple comparisons test
Control vs. ATCC 14028
Control vs. pathogen

ATCC vs. pathogen

Mean Diff.

05% o i
-0.1777 -1.103 to 0.7475 No
-2.010 -2.935to -1.084 Yes
-1.832 -2.757 to -0.9067 Yes

Quantitative results of changes in IFN-y gene
expression in control samples and in PBMCs treated
with the pathogen and ATCC 14028 strains are shown
in Figure 4, and the multiplication of this gene (folds)
in each sample is shown in Table 6.

Year 15, Issue 6 (November & December2021)

Table 6. Multiplication table of INF-y gene expression

Sample Type Fold Change

Control 1
ATCC 14028 1.17
Pathogen 3
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Fold change
R

Control ATCC Pathogene

Figure 4. Changes in IFN-y gene expression in control, ATCC,
and pathogen groups

4, Discussion

Studies have shown that disease progression is
associated with changes in expression at the genome
level. Although the molecular mechanism involved
due to these genetic changes is not yet fully under-
stood, researchers have reported the activation of
several genes in different cellular pathways. The range
of changes in the expression of these genes and the
pathways involved in bacterial infection is very diverse
and wide. In other words, disease development is a
very complex process associated with the abnormal
expression of several genes. Therefore, changes in
gene expression can be used as a biomarker in the
diagnosis of disease (19, 20). Therefore, these changes
can be used to diagnose Salmonellosis and to study
the mechanism of action of the immune system and
bacteria against each other.

S. typhi pathogenesis, like other Salmonella, is
complex and multifactorial. This microorganism cau-
ses a wide and diverse set of infections (21). S. typhi
pathogenicity depends on its ability to attack cells and
form a protective lipopolysaccharide (LPS), the prese-
nce of Vi antigen, and the production of invasin (inv
genes), a protein that attacks non-phagocytic cells;
where bacteria can survive and multiply intracellularly
(22, 23). These factors in the host cause immune
system reactions.

In the 1990s, IL-4 was discovered to have different
effects on macrophage gene expression compared to
IFN-y and LPS. In contrast to classical macrophage
activation by IFN-y, IL-4-induced macrophage gene
expression was described as "alternative activation".
A few years later, in 2000, Mills et al. proposed a new
classification of macrophages as M1 or M2. These
terms derive from the observation of macrophage
arginine metabolism in mice by working on T helper
type 1 (Th1) and T helper type 2 (Th2) (24, 25).

Th1 that produces more IFN-y showed macrophage
activation in which nitric oxide (NO) is produced from
arginine, whereas ornithine is produced from Th2,
which produces IL-4 and TGFB1. This finding led to a
consensus in the scientific community that M1
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macrophages (classical activators) exhibit inflamma-
tory functions, while M2 macrophages (alternative
activators) exhibit anti-inflammatory functions (26). In
2004, Mantowani et al. further subdivided M2
macrophages into subgroups M2a, M2b, M2c, and
M2d based on stimuli applied and the resulting
transcriptional changes. Classification of M1 / M2
macrophages is currently considered a fairly simple
method that does not adequately describe the
population spectrum of macrophages (27).

For example, identifying tumor-associated macro-
phages (TAMs), which do not fit well into the M1 or
M2 macrophage criteria, complicates the system. In
addition, macrophages expressing T cell and CD169
receptors have been identified. The phenotype of
macrophage subsets M1 and M2 and the function of
macrophages derived from monocyte precursors are
differentiated depending on the local tissue environ-
ment (28). They respond to environmental signals in
tissues such as damaged cells, activated lymphocytes,
or microbial products to distinguish distinct functional
phenotypes. The M1 macrophage phenotype is
characterized by the production of high levels of
proinflammatory cytokines, the ability to resist
pathogens, strong antimicrobial properties, the
production of highly reactive nitrogen and oxygen
mediators, and the enhancement of Th1 responses. In
contrast, M2 macrophages are characterized by their
efficient control of parasitic infection, tissue regener-
ation, immune regulation, tumor promotion, and
efficient phagocytic activity (25). Therefore, in this
study, the expression of genes related to cytokines
TNF-a and IFN-y was prioritized.

LPS, IFN-y, and granulocyte-macrophage colony-
stimulating factor (GM-CSF) polarize macrophages
toward the M1 phenotype, which secretes large
amounts of cytokines such as IL-1-B, TNF, IL-12, IL- 18,
and IL-23. This helps to properly carry out the
inflammatory responses of Th1l and Th17 cells specific
for antigens (29). Typically, M1 macrophages stimu-
late high levels of class Il tissue adaptation complexes,
CD68 markers, and CD80 and CD86 molecules. M1
macrophages have also been shown to regulate SOCS3
expression and activate NOS2 to produce NO from L-
arginine. In the context of disease, M1 macrophages
are involved in initiating and maintaining inflamm-
ation, so they can be harmful to health (30).

Macrophages M1 and M2 have different chemokine
and chemokine receptor profiles, with M1 secreting
Thl-absorbing chemokines such as C1 in CXCL9 and
CXCL10, and M2 secreting CCL17, CCL22, and CCL24.
Recently, it has been shown that macrophages are
able to repolarize from M2 to M1 in vitro, and reverse
polarization depends on the chemokine environment.
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Signaling molecules are involved in M1 / M2
polarization. A network of transcription factors and
post-transcriptional regulators are involved in M1 /
M2 polarization (Figure 5). Interferon regulatory
factor (IRF), STAT, and SOCS are all involved in the
deviation of macrophage function towards the M1 or
M2 phenotype (31, 32). IRF / STAT pathways activated
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by IFNs and TLR signaling polarize macrophages via
STAT1 to M1 activation mode (33). M1 macrophages
have been shown to regulate IRF5, which is involved in
M1 polarization for M1 polarization and the whole
STAT1-alpha / beta in an independent manner via
MyD88 (27).
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Figure 5. Signaling molecules involved in M1 polarization

In the present study, the gene expression of IFN-y and
TNF-a cytokines was evaluated to confirm the
polarization of Salmonella typhi-stimulated macro-
phages in vitro in two groups of clinical and standard
strains of S. typhi. The results of gene expression
analysis showed both genes have increased in
expression in clinical and standard strains of S. typhi
compared to the control group. This increase in
expression was significant in the clinical strain of S.
typhi, which was higher than the standard strain.

In a study conducted by Ami Febriza in 2020 to
measure TNF-a on blood samples of S. typhi-infected
mice using the ELISA method, it was found that TNF-a
levels in infected samples increased and treatment of
mice with antibiotics leads to its reduction (34). In
addition, IFN-y has been shown to play a vital role in
resistance to S. typhi infection by increasing the
antibacterial activity of macrophages. It has also
recently been shown that IFN-y and TNF-a activate the
JAK / STAT1 / IRF pathway in mice infected with COVID-
19 infection, leading to lethal cytokine shock, and
therefore death from COVID-19 can be prevented by
using neutralizing antibodies against them (14). In a
study conducted in 2019, the relationship between the
profiles of IFN-y and TNF-a-producing cells and liver and
kidney damage in hepatitis B virus infection was found
(35). As aresult, according to the studies, changes in the
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expression of IFN-y and TNF-a cyto-kines can be used to
identify S. typhi-related infections (36).

However, it should be noted that the present study
could not investigate all the molecular aspects of
polarization of macrophages and cytokines in the study
and it is suggested that for better understanding of
molecular pathways, more experiments be perfor-med.

5. Conclusion

The increased expression of IFN-y and TNF-a in both
clinical and standard strains of S. typhi compared to
the control group confirms their role in macrophage
polarization. Therefore, we can use their expression
changes as a molecular biomarker in the diagnosis of
Salmonella-related infections.

Acknowledgment

The authors would like to thank all the people who
helped in the various stages of this research. The
Department of Microbiology and Immunology, Faculty
of Veterinary Medicine, University of Tehran is also
commended for providing the location and experi-
mental materials, as well as the Department of
Laboratory Sciences of the Islamic Azad University,
Boroujerd Branch.

Iranian Journal of Medical Microbiology



Mehdi Ghanbari Sardari et al., 665

Funding

This article is taken from the PhD thesis in
bacteriology, which was done in collaboration with
the University of Tehran Research Council, and the
relevant resources were provided by the Vice-
Chancellor for Research, University of Tehran.

Conflict of Interest
There is no conflict of interest among the authors.

References

1. Coburn B, Grassl GA, Finlay BB. Salmonella, the host
and disease: a brief review. Immunol Cell Biol. 2007;
85(2):112-8. [DOI:10.1038/s].ich.7100007] [PMID]

2. Herrero-Fresno A, Olsen JE. Salmonella typhimurium
metabolism affects virulence in the host - A mini-
review. Food Microbiol. 2018;71:98-110.
[DOI:10.1016/j.fm.2017.04.016] [PMID]

3. Ramachandran G, Panda A, Higginson EE, Ateh E,
Lipsky MM, Sen S, et al. Virulence of invasive
Salmonella typhimurium ST313 in animal models of
infection. PLoS Negl Trop Dis. 2017;11(8):e0005697.
[DOI:10.1371/journal.pntd.0005697] [PMID] [PMCID]

4. Sun H, Wan Y, Du P, Bai L. The Epidemiology of
Monophasic Salmonella typhimurium. Foodborne
Pathog Dis. 2020;17(2):87-97.
[DOI:10.1089/fpd.2019.2676] [PMID]

5. Broz P, Ohlson MB, Monack DM. Innate immune
response to Salmonella typhimurium, a model enteric
pathogen. Gut Microbes. 2012;3(2):62-70.
[DOI:10.4161/gmic.19141] [PMID] [PMCID]

6. Linehan SA, Holden DW. The interplay between
Salmonella typhimurium and its macrophage host-
what can it teach us about innate immunity? Immunol
lett. 2003;85(2):183-92. [DOI:10.1016/50165-

2478(02)00227-4]

7. BazrgariN, Garoosi GA, Dadar M. Genetic Diversity and
Phylogenetic Relationship of Clinical Isolates of
Brucella melitensis Based on Gene Polymorphism of
Subunit of RNA Polymerase (rpoB) Gene in Iran. Iran J
Med Microbiol. 2020;14(5):425-40.
[DOI:10.30699/iimm.14.5.425]

8. Rosenberger CM, Scott MG, Gold MR, Hancock RE,
Finlay BB. Salmonella typhimurium infection and
lipopolysaccharide stimulation induce similar changes
in  macrophage gene expression. J Immunol.
2000;164(11):5894-904.
[DOI:10.4049/jimmunol.164.11.5894] [PMID]

9. Khezri M, Rezaei M, Mohabbati Mobarez A. Detection
of viable but non-culturable state of Escherichia coli
0157: H7 using reverse transcription PCR. Iran J Med
Microbiol. 2019;12(6):390-8.
[DOI:10.30699/ijmm.12.6.390]

10. Monson MS, Bearson BL, Sylte MJ, Looft T, Lamont SJ,
Bearson SMD. Transcriptional response of blood
leukocytes from turkeys challenged with Salmonella

Year 15, Issue 6 (November & December2021)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

enterica serovar Typhimurium UK1. Vet Immunol
Immunopathol. 2021;232:110181.
[DOI:10.1016/j.vetimm.2020.110181] [PMID]

Sheikh A, Charles RC, Sharmeen N, Rollins SM, Harris
JB, Bhuiyan MS, et al. In vivo expression of Salmonella
enterica serotype Typhi genes in the blood of patients
with typhoid fever in Bangladesh. PLoS Negl Trop Dis.
2011;5(12):e1419.

[DOI:10.1371/journal.pntd.0001419] [PMID] [PMCID]

Bardi GT, Smith MA, Hood JL. Melanoma exosomes
promote mixed M1 and M2 macrophage polarization.
Cytokine. 2018;105:63-72.
[DOI:10.1016/j.cyt0.2018.02.002] [PMID] [PMCID]

Atri C, Guerfali FZ, Laouini D. Role of Human
Macrophage Polarization in Inflammation during
Infectious Diseases. Int J Mol Sci. 2018;19(6):1801.
[DOI:10.3390/ijms19061801] [PMID] [PMCID]

Kaur J, Jain SK. Role of antigens and virulence factors
of Salmonella enterica serovar Typhi in its
pathogenesis. Microbiol Res. 2012;167(4):199-210.
[DOI:10.1016/j.micres.2011.08.001] [PMID]

Kim JE, Phan TX, Nguyen VH, Dinh-Vu HV, Zheng JH,
Yun M, et al. Salmonella typhimurium Suppresses
Tumor Growth via the Pro-Inflammatory Cytokine
Interleukin-1beta. Theragnostic. 2015;5(12):1328-42.
[DOI:10.7150/thno.11432] [PMID] [PMCID]

Sheppe AEF, Kummari E, Walker A, Richards A, Hui
WW, Lee JH, et al. PGE2 Augments Inflammasome
Activation and M1 Polarization in Macrophages
Infected with Salmonella typhimurium and Yersinia
enterocolitica. Front Microbiol. 2018;9:2447.
[DOI:10.3389/fmicb.2018.02447] [PMID] [PMCID]

Hojati P. Isolation and identification of Salmonella
poultry ERic-PCR and serological methods (Doctoral
dissertation, Dissertation of Poultry Veterinary.
Tehran. Science and Research Azad University. 1997.
[in Persian]

Panda SK, Ravindran B. Isolation of human PBMCs. Bio-
protocol. 2013;3(3):e323-e.
[DOI:10.21769/BioProtoc.323]

Emilsson V, Thorleifsson G, Zhang B, Leonardson AS,
Zink F, Zhu J, et al. Genetics of gene expression and its
effect on disease. Nature. 2008;452(7186):423-8.
[DOI:10.1038/nature06758] [PMID]

Schadt EE, Lamb J, Yang X, Zhu J, Edwards S,
GuhaThakurta D, et al. An integrative genomics
approach to infer causal associations between gene
expression and disease. Nat Genet. 2005;37(7):710-7.
[DOI:10.1038/ng1589] [PMID] [PMCID]

Dos Santos AMP, Ferrari RG, Conte-Junior CA.
Virulence Factors in Salmonella typhimurium: The
Sagacity of a Bacterium. Curr Microbiol. 2019;76
(6):762-73. [DOI:10.1007/s00284-018-1510-4] [PMID]

Furter M, Sellin ME, Hansson GC, Hardt WD. Mucus
Architecture and Near-Surface Swimming Affect
Distinct Salmonella Typhimurium Infection Patterns
along the Murine Intestinal Tract. Cell Rep.

Iranian Journal of Medical Microbiology


https://doi.org/10.1038/sj.icb.7100007
https://www.ncbi.nlm.nih.gov/pubmed/17146467
https://doi.org/10.1016/j.fm.2017.04.016
https://www.ncbi.nlm.nih.gov/pubmed/29366476
https://doi.org/10.1371/journal.pntd.0005697
https://www.ncbi.nlm.nih.gov/pubmed/28783750
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5559095
https://doi.org/10.1089/fpd.2019.2676
https://www.ncbi.nlm.nih.gov/pubmed/31532231
https://doi.org/10.4161/gmic.19141
https://www.ncbi.nlm.nih.gov/pubmed/22198618
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3370950
https://doi.org/10.1016/S0165-2478(02)00227-4
https://doi.org/10.1016/S0165-2478(02)00227-4
https://doi.org/10.30699/ijmm.14.5.425
https://doi.org/10.4049/jimmunol.164.11.5894
https://www.ncbi.nlm.nih.gov/pubmed/10820271
https://doi.org/10.30699/ijmm.12.6.390
https://doi.org/10.1016/j.vetimm.2020.110181
https://www.ncbi.nlm.nih.gov/pubmed/33401108
https://doi.org/10.1371/journal.pntd.0001419
https://www.ncbi.nlm.nih.gov/pubmed/22180799
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3236720
https://doi.org/10.1016/j.cyto.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29459345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5857255
https://doi.org/10.3390/ijms19061801
https://www.ncbi.nlm.nih.gov/pubmed/29921749
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6032107
https://doi.org/10.1016/j.micres.2011.08.001
https://www.ncbi.nlm.nih.gov/pubmed/21945101
https://doi.org/10.7150/thno.11432
https://www.ncbi.nlm.nih.gov/pubmed/26516371
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4615736
https://doi.org/10.3389/fmicb.2018.02447
https://www.ncbi.nlm.nih.gov/pubmed/30429830
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6220063
https://doi.org/10.21769/BioProtoc.323
https://doi.org/10.1038/nature06758
https://www.ncbi.nlm.nih.gov/pubmed/18344981
https://doi.org/10.1038/ng1589
https://www.ncbi.nlm.nih.gov/pubmed/15965475
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2841396
https://doi.org/10.1007/s00284-018-1510-4
https://www.ncbi.nlm.nih.gov/pubmed/29785632

666 Inflammatory Genes and Salmonella typhi
2019;27(9):2665-78 e3. 31. Jimenez-Garcia L, Higueras MA, Herranz S, Hernandez-
[DOI:10.1016/j.celrep.2019.04.106] [PMID] [PMCID] Lopez M, Luque A, de Las Heras B, et al. A hispanolone-
derived  diterpenoid inhibits M2-Macrophage
23. Herman R, Bennett-Ness C, Magbool A, Afzal A, Leech

24,

25.

26.

27.

28.

29.

30.

A, Thomas GH. The Salmonella enterica serovar
Typhimurium virulence factor STM3169 is a hexuronic
acid binding protein component of a TRAP transporter.
Microbiology. 2020;166(10):981.
[DOI:10.1099/mic.0.000967] [PMID] [PMCID]

Muraille E, Leo O, Moser M. TH1/TH2 paradigm
extended:  macrophage  polarization as an
unappreciated pathogen-driven escape mechanism?
Front immunol. 2014;5:603.
[DOI:10.3389/fimmu.2014.00603]

Murray PJ, Wynn TA. Obstacles and opportunities for
understanding macrophage polarization. J Leukoc Biol.
2011;89(4):557-63. [DOI:10.1189/jlb.0710409] [PMID]
[PMCID]

Saqib U, Sarkar S, Suk K, Mohammad O, Baig MS, Savai
R. Phytochemicals as modulators of M1-M2
macrophages in inflammation. Oncotarget. 2018;9
(25):17937. [DOI:10.18632/oncotarget.24788] [PMID]
[PMCID]

Orecchioni M, Ghosheh Y, Pramod AB, Ley K.
Macrophage Polarization: Different Gene Signatures in
MZ1(LPS+) vs. Classically and M2(LPS-) vs. Alternatively
Activated Macrophages. Front immunol.
2019;10:1084. [DOI:10.3389/fimmu.2019.01084]
[PMID] [PMCID]

Weyand CM, Zeisbrich M, Goronzy JJ. Metabolic
signatures of T-cells and macrophages in rheumatoid
arthritis. Curr Opin Immunol. 2017;46:112-20.
[DOI:10.1016/j.c0i.2017.04.010] [PMID] [PMCID]

Liu L, Guo H, Song A, Huang J, Zhang Y, Jin S, et al.
Progranulin inhibits LPS-induced macrophage M1
polarization via NF-small ka, CyrillicB and MAPK
pathways. BMC Immunol. 2020;21(1):32.
[DOI:10.1186/512865-020-00355-y] [PMID] [PMCID]

Rath M, Muller |, Kropf P, Closs El, Munder M.
Metabolism via Arginase or Nitric Oxide Synthase: Two
Competing Arginine Pathways in Macrophages. Front
immunol. 2014;5:532.
[DOI:10.3389/fimmu.2014.00532] [PMID] [PMCID]

Year 15, Issue 6 (November & December2021)

32.

33.

34.

35.

36.

37.

polarization in vitro via JAK/STAT and attenuates chitin
induced inflammation in vivo. Biochem Pharmacol.
2018;154:373-83.  [DOI:10.1016/].bcp.2018.06.002]
[PMID]

Qin H, Holdbrooks AT, Liu Y, Reynolds SL, Yanagisawa
LL, Benveniste EN. SOCS3 deficiency promotes M1
macrophage polarization and inflammation. J
Immunol. 2012;189(7):3439-48.
[DOI:10.4049/jimmunol.1201168] [PMID] [PMCID]

Platanitis E, Decker T. Regulatory Networks Involving
STATs, IRFs, and NFkappaB in Inflammation. Front
immunol. 2018;9:2542.
[DOI:10.3389/fimmu.2018.02542] [PMID] [PMCID]

Febriza A, Natzir R, Hatta M, As' ad S, Kaelan C, Kasim
VN, et al. The Role of IL-6, TNF-a, and VDR in Inhibiting
the Growth of Study. Open Microbiol. 2020;14(1).
[DOI:10.2174/1874285802014010065]

Wang H, Luo H, Wan X, Fu X, Mao Q, Xiang X, et al. TNF-
o/IFN-y profile of HBV-specific CD4 T cells is associated
with liver damage and viral clearance in chronic HBV
infection. Journal of hepatology. 2020;72(1):45-56.
[DOI:10.1016/j.ihep.2019.08.024] [PMID]

Hu JL, Yu H, Kulkarni RR, Sharif S, Cui SW, Xie MY, et al.
Modulation of cytokine gene expression by selected
Lactobacillus isolates in the ileum, caecal tonsils and
spleen of Salmonella-challenged broilers. Avian
Pathol. 2015;44(6):463-9.
[DOI:10.1080/03079457.2015.1086725] [PMID]

Gao J, Wu Y, Su Z, Amoah Barnie P, Jiao Z, Bie Q, et al..
Primers used in real-time PCR. [Internet]. PLOS ONE;
2015 [cited 2021Dec22].. Available from:
https://plos.figshare.com/articles/dataset/ Primers
used in real time PCR /1148102/1

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/j.celrep.2019.04.106
https://www.ncbi.nlm.nih.gov/pubmed/31141690
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6547020
https://doi.org/10.1099/mic.0.000967
https://www.ncbi.nlm.nih.gov/pubmed/32894213
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7660916
https://doi.org/10.3389/fimmu.2014.00603
https://doi.org/10.1189/jlb.0710409
https://www.ncbi.nlm.nih.gov/pubmed/21248152
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058818
https://doi.org/10.18632/oncotarget.24788
https://www.ncbi.nlm.nih.gov/pubmed/29707159
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5915167
https://doi.org/10.3389/fimmu.2019.01084
https://www.ncbi.nlm.nih.gov/pubmed/31178859
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6543837
https://doi.org/10.1016/j.coi.2017.04.010
https://www.ncbi.nlm.nih.gov/pubmed/28538163
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554742
https://doi.org/10.1186/s12865-020-00355-y
https://www.ncbi.nlm.nih.gov/pubmed/32503416
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275413
https://doi.org/10.3389/fimmu.2014.00532
https://www.ncbi.nlm.nih.gov/pubmed/25386178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209874
https://doi.org/10.1016/j.bcp.2018.06.002
https://www.ncbi.nlm.nih.gov/pubmed/29870712
https://doi.org/10.4049/jimmunol.1201168
https://www.ncbi.nlm.nih.gov/pubmed/22925925
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4184888
https://doi.org/10.3389/fimmu.2018.02542
https://www.ncbi.nlm.nih.gov/pubmed/30483250
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6242948
https://doi.org/10.2174/1874285802014010065
https://doi.org/10.1016/j.jhep.2019.08.024
https://www.ncbi.nlm.nih.gov/pubmed/31499130
https://doi.org/10.1080/03079457.2015.1086725
https://www.ncbi.nlm.nih.gov/pubmed/26395945
https://plos.figshare.com/articles/dataset/_Primers_used_in_real_time_PCR_/1148102/1
https://plos.figshare.com/articles/dataset/_Primers_used_in_real_time_PCR_/1148102/1

Journal homepage: www.ijmm.ir

O')'l' 6.55‘”’)" gs*"Lw‘Uﬁ)S*“ alxo i

1Feo 605}\5.‘——;@)“—‘& Jlﬂﬂ & 255%

39Sk i slacuan sse TNF-a g IFN-7 slagals gialis 0§ olas ol yauds

08 09 ol b 59 (o83 0 gallis 3 huiliua g Sl (sLad gai s gl o Glesdl (93

V! Sl ol 0 Juker M (dlo 21505 (T ol o Loy doome My (o Sl y (610 (6 58 (g

Al sl 0 5 BRI S sl 00l ¢ gl ] g lityg Son 09,5 )

Ol e, g 5 e,y amly o oDl ol5T olSils ¢ alKiylesl psle 05,5 Y

ot Ko Wlio e/

Al daxsey

s 5 Sl Sl g ] gl s 25 cerge 45 el Sl 355l S dd Mipales 1 Blual g dise

TNF- 5 IEN-y sloialSsule 05 ol Slimii (o) caallhs ol S 1 105500 A (2l lons soms 53 a3 0o
el (55 Ga lmalpd )0 (o4 Migalle S Ialiul 5 (b Sladigei b 3je5 5o ol ()55 365 SLe 4 slacmgie O
oS (6l g oad ools CutS iy Ty lS 4 Mis Jla £+ 8o chogi- xhaie anlllas ol o S o9y g Slgo
peripheral blood (s;lulax 1y s0s,9 (g5 wged S8l 51 crioman ol soliinl olardsn glocus 51 Migallo
Migalls 5| 4%10°% cfU/ML slo Lo ol> i s ;o WPBMC 4w ai5 5 (PBMC) mononuclear cell

\Feo/el)]sF :c“-él'.’.)'b
Voo o AVF: o e 0y
‘foo/‘ﬂ/\v :O',‘.w“— )W|

IVge (il S 1EguBg0

IEN- Glags o8 olo Coles 5o o alosil 5 lacale sl (6l (Joko oo o 250l <ot o ailil § 45550 (s

28,5 o s lel (slo 5031 b gl 5 0 ooz TNF-aL 5y

NICRPERCE

28 bama 3 e slp 1y i Mgel 4x10% CfUML el 5l oolinal  Jslo Coons Coss gl sloazdly

&g b oo Jlas L_chbPBMC 59 TNF-a 9 ”:N-'Y Senbanle o5 ol (e Ol s 0l ool aS ols lis slxe
(P=e/o VAN P=efee o) casls 58 diged 4 Cond (5 lobine sl cos 5 4 ATCCL4028 a5 5 45950
5 0595h g boad e aige 09,8 10 TNF-0 5 IFN-y (slacnlSgnla Jlo gne 5 asdl Gmali8l oL 15 yuSazmas

Sty (xSl
woolid el g lieg e 098
Ol ol dBRails (Sials sasluils

ol 2lEtsloT Lyl o i Mipalles b ot Ky o5 (slailby Slo (ygenlss My o Lt ATCC &g olx!
59,5k « TNF-00 AFEN-y ¢ a5 Migallo (rojlg wuds
- - : |
sl 5T o K3 L (5ol 5k oaliiud (s 5t 5 555 00 (oS WIDT pra i gl (S el 050 dlae © il S J‘m
ryahya@ut.ac.ir
dodfo

A 55 b o3slS el b il S (oA Ml

4o ‘_jojﬂ Syl yeam 0oyl slaglul e b 5 Jxb

drwgl Jlo 50 la,ygis o s g S 0ud Az lild Sllg>

D9 g0 04y ST Sl 0965 5 Larnd (bl s b

2 ol il ml) arng Jo o sl jslS (o jeim aSsas
AFLY) oS oo Mo |y 585 gk YD 090 alles

abilio g1y 1 el 3890 Jlows 009, (y595L SO Migalles

J>1re 50 &5 o (el s o el g Jlge i L
@b&f‘wl ‘DBMGA oolazwl UL’)"*‘“ -]Gadﬁ: 6)L°“" alises

3 s o,le8 ble S18 ca] (sl panslSe Ll 00,5 ol

£S5 oIS slaboe slosy) slacs STl Jolis Wigallis i
G oIV oS conl S i Baas g gl ooims |25 58 oo
oSl cul i)ls Job (59,5e O LY g Jlad ()9,500 1/0
sloiisly o JI sl 5l 45 st 553 slagsjlsn s
Sglyg 25108 s ooliiul (6551 (sl (gemlannST GialS
58SV ez 4y 08 g 0iiS o0 ag (59,008 Aedlgs Migall
JB ol @ ool wlidgw ool lame jo 0l b g sies
925 Wigallos (Jlgs ) iy poo YO + 5l o it e
O o5 as"‘]) Sk o)l t5L°’u)<5‘j ool o aS ol
28 b b lagysl s H o5 8D (S35 slagsl
V) Wgd oo (anatd

Ol (Sisy wlid o 5 Sue dlae Majallah-i mikrub/shinasi-i pizishki-i Iran.

FEV


mailto:ryahya@ut.ac.ir
http://orcid.org/0000-0002-0068-8058
http://orcid.org/0000-0002-5665-5757
http://orcid.org/0000-0001-8174-5431
http://ijmm.ir/
http://www.ijmm.ir/

i MWigallw 9 (2ol sl o5 | )50 g (5,10 pwr (6 13 (G0

Slllae yo (&5 ole byl Jeol> (Sl mbs
CelaS calails o jol) salisee mls 5 o)l wlacl calises
g 25 0nalcmsst mls 284,555 5 @l (nl Copalad ons
ailys oo laaglas ol a5 sl ascin moly job 4y aidl gy
ol e glgil ol ialel sla b g5 Lo o,
by gialosl jo JyuS diged 292 pac 5 Lol SooS
oas el ;500 sansS LT sla 5l g (6,9 S lalllas a5
S925 4y b g, cpl 5l eslaiul gl o culs U g eaddis! -l b
M=) a2 o b ar 095 Sledbl Slalllas jain Ll o]

Jiab 5l S5 S0 4 45 laslis S
sk e wites Gl IS S sla ol gt o
-7 Ny aiile oy ol b a5 0t o oy | oalS i
Jalse Blie jo ol ol by 0 i ol ja TNF-a® 4 8
Nigd oo Jxd M2 clajlos Slo s M1 (claslsy,Sle caliseo _igae
one (b Oyl )M o dmnl oeatS Slapuslse )3 .(VY)
ab loel, 5 S amose LSS |, sliwgtess bl
oigid gl TNF-a g IFN-py (sl S gl )l ¢ yammnl 35 Db
oy Aalllas ) 5l B sl M2 i gl TGFP M1
05> 3BsSle ad slalowgio Collad 4T Migalls 3l
obe 5l sshte pa g Swl Giggr kb e Gl
Ol Ml cgz> ;0 TNF-a g IFN-y slo plSenle
ARLLST Sl 55 (o Mgl s S5 5 slogl S
OF-IF) 553 oo oolicad

AN
Ingestion 0 00y

Peyer's

patches o .
Macrophage ’. ~ 200 & N
Neutrophil S_a‘b ¢ <é@?°’
s OOQHCO &
Teel “ 73

Dendritic cell £

| Spleen and
| bone marrow

b

-

‘4

1
x\ '.\\
\
L
\\ \
/

—

[
/; g

L W

3 seted Y g Cang gy o1 b Mipallo a5 ol (aile oyl
agl golo Sy 5 wiligy oo |, 09, paeking] xhans 45 Conl Lo
3g5 oyl 4y b paudinl b s olad (gl a5 (S o ol |
2,5 oylal 5B, Sle slasle & Ol oo Blge S 510
oS witen 15 tay] colais] oS ol sl oy STe
1 Bled aien Glacdl ;o d92ge sla sk glgil 5 (S
s 53 (sote DSl Sl 5 ot slashe pliees Lo
S SiwsS 05,5 )0 a3l Sl . (B) W)y pav G (s
Wil Sl opdle 45 Wb e (idish (lias
56 L Wl sl i sladsbe 5 camsisegn do Comgise
e (| @ Blate slasle Lol o Sles osd oo Jol
O3 pwsS b aly b bedl plo g i s 3,5 SL"
5 igdse 438,5 lymal e 5 bajlig,Sle el Cilide
st sla Sy o JUCST )l 5 Wgd oo e G plp
Lol led az y0 el oo <8 ] o oS 8L 4y Cdélas wis
(St 0355 00 S8 0] 50 a5 ol (S5 Gles b s
() (V JS8) o4ls

5 da MRNA Ly ol 5007 42838 Jlo wiz b
Sl Canl 48,5 5158 5o 5 555550 Slallan 5l (6 L
locigis 51 (5 kst 53 1y 5 Stz (Gl S yis LMRNA |
o by wisls lis Migallo 5l Jol> cdsie asile
Ol Sl 5l Ol oo &5 aean il sLsS LMRNA
Yoo 83l aniedd 5 (6 Sty oy lanis, ;o LMRNA
AALY) 55 solaal (g lew @

Reseeding of
lumen via bile

V) (o Sigalles Zigie 5 o] (sl sk slo STy 5 cblalas 31 Selos ) Sl

3 Tumor necrosis factor alpha

FEA

! Interferon gamma
2 Tumor necrosis factor beta



1Eee o538 sz 10 o ot Ko olitios Seo dlone

e o8 gle S gl gilule
peripheral blood mononuclear cell (PBMC)
SO ok sl ol sy 05 e VO
aosn 5 s il Lulid s e 0l ags Wl bl
VO 98l S o ad bgliee (pdle L Slawd b plp lie
5 (Inno-train, Germany) JoSob o Lo O ol &y oo ouw
W80l b Bl Sl o bslie (95 2 o O o
lie 518 g0 Cules jo 5 ol adlsl o,lg0 5l GA\)T TURY R
9uts 53l 2000 1PM jo0 L adBo Yo Do dy s 20D JSCAS
S8 )8 S8 g 50 62l 5 ST dites Al syl 5lam ol
028,515 5L Ledl 5 Sl .oxta PBMC (sla sl 45
LPBMC culed )0 . 250,8" Cgm) alumuglsil 57 g 508 JoulS
5 oblad s ol U g ot axdlon ol & il S
L S S o LPBMC s 0l (s Sl 0o )0
(Roswell Park Memorial Institute) RPMI1640 &S lai>s
(Gibco, USA) (Foetal Bovine Serum) FBS 4 (Gibco, USA)
Ao pd Vil on Seism il Coled jo 5 ey Ve lade @
O bz g YVoC gloo b ,glsSl jo Sdld Lol ools s
S (S SESS L Fmgise ez D 49851 CO2 000
b SSE Jshe S Sl Lms 58 jlid sla sk
Sodsbo & 5 Jate Sl iy 4 slaten 5 slo sk
G5 e b e wan fad 3y Sle 4l slacewsie
s ladamgie Shelsdrge anl S 5B oSy Ste
CuiS Iarme (gl (ZlS 59, Tl e 008wl (539 S e
Al jsb 4 S aw )0 sk G 5 <85 O 50
A 6,5 13 Lasd St Suodlb 1 g i ool 5Ll
boolesd 900 S e clale a5 cusl S5 a4 p3Y
S5 4 (Job Suon (st S ol b cnl 5l A b
5okl ¢ Jehe G Ced @S a8 et sholn S
Ol jlore S Jama 5o jland gl 1) (85 Wigalles slaclale
3 OgemlgSl o eolanwl 4x10° cfu/ml cdale 51 aS ol
3 2,5 pll COz 0oj0 B Gl 5 YVOC slos b ,g5lsSCl
o &y Jao (5589,S Lo s (slacmsgio il MalS” Lyl s
b g 5l e g 0l o DB 51 L1 Sl lawgy cis
4 (A830 gy Do 4 Voo e 590 Gondy yi3lo) o pw (9 Laoms

28

o 595 g dlgo
S S L oy ehie egh
§| diges Fo sgyp VFo Jlo s IRIUMs.REC.1399.023
N I IS NG WIS PR TSP E T Y ERS
bl olrez 250 wtd (soyzan Al ol laplin )l
s wdle boolnl wsren 3 S s ()G
bl (e bpollo dgm silulaz jslate 4y vy il S
Szl Bloeogs Clbogls ol )il 4y a8 col S5 & o5¥ 005
5 dged Sl o gl (S Cddlae g oals &l Laasie lawgs
aS laal iy ollews g 0l 3310 Lsasli.i..il.oﬂ S sy
el Gty g 092 5o LT SIS 500 Bl (65l eex s
Lasl |y (o8 acbcaslge a5 (g0l 3l asllas cpl 1o 050,85 eSS
5 Wog 00,8 Bran Sise sl 6 pSaised 5l iy b 5 WS
B> dalllas 1 anils 00l Sy Fresl e iren

dges (591 @

920 b oliaS Glas (el (Seiwdl By 0 £gdae diges
dlge 5l gole Bb b ad gl ez i WBL g (S
So Bl g g 32571 658 Glagg gl 0wl
Felskee O b (3o G ojlal @) (ol plsB L ggdane o5
43,5 03l go8ue aiges ol eolatwl S gl bl g430s
CrSdigad jl am Cel Vo iSTas g aido Ve Do j0 g 0l

A 0oly cuis
4 bgy e oe a5 Wals 8 )lg andllas ol jo SU5 9 1o ye
G o e m s 1, i sl s e
i el p0 Gl 0l Sl e 9 02l (6500 (6l Lo

3l oslitul 8590 SlaSIgm Sl 5 )0 Bras 4 bgpo Gl
oo S Bran Sisn 5l s 500 a5 (len 5 05 plil bag |
Wb 25 aslllas

Migodl (audeid g (g jbwlaz
sbows S 3l o gldne diges Fo m sl

sl IMVICC(+--). ONPG- 35S s 25y TSI(H2S+)

IS olereas ATCCL4028  _do Migadl s jlaibiw] diges .o
V) ws as ol srio- sole sl ings 55 0 ;)



i MWigallw 9 (2ol sl o5 | )50 g (5,10 pwr (6 13 (G0

3! ydg,Sle +/+0 cules ,o 9 RNAse inhibitor :Jg Sl
FO glod ;0 ai B0 B0 Do s gy, Se don .0l a8LSI RT
W30l 4555 PCR oSews ;0 wgmmdas 4z 50

Olee s GAPDH g IFN-y .TNF-at sl 5 oLy (owy 32

Real Time PCR <o 3l ooliiwl b il 85 5
Amplicon .S s I Real-time PCR bl sl

oS yima (pl 50 oolaiul 5,50 Ky g Sl 0ald oolazl
a Ll 5l e g el il 5l (g5l 45 el SYBR Green
Suled )3 9 a8 oo gbl uilijold 55 355 51 (slard ;50 DNA
Ol s 09d e s S elail Real-time oliws dlwgay j58 oy
Sy kS e yo ouls a=Ls CDNA demplate da STy
ool 0ael ) Jgaz 0 solatul 0550 sl el JIg

Wools ;JGT
L el Ct &0 45 a5 Real Time 5l Jol> slaosls slos
sl 5o g 5JGT 5,40 Graphpad prism 4 Excel asb, 5l solizal
8,5 )18 oy 3,50 One Way ANOVA (a0l 5l ool b ol
el 0y il Jolins g JseB 3,50 /40 5l a8 s kel @l s

o Al 0 50 (5 Gl gy 2 Ologed plal sl (Jokw wis
A eolaw

Ja5tl55 & RNA g1 sl
TRIzoI™  Jg3uly 51 S8 51 RNA zl 2l ¢l
Thermo ) alog Numbers 155960 .. A Cat Reagent
G5 el sl ol 5 ogdle .o oolal (Fisher Scientific, Inc.
RN@SE s 351 dawgs s ] 5wl RNA (33> s DNA Sl 5
5 RNase/ DNase free slacs.ig,S0 3l (Yekta Tajhiz, Iran)
s ol LIS 5l oole ST 5l ild sl Loans o

cDNA cslw
(Taiwan) Smobio <DNA yiw !y oolatwl 8,50 cuS
Bgad o 51l plil cuS Jesdljgiws Gub g Jole 09
FelSee ¥ ez 4 Ol b g o il RNA o556 0 -

a>,0 Ve sles yo 5 b adlsl Random hexamer 4 Oligo dt

A s 22D 43gSGI PCR olBiws ;0 4ado O S 45 wgadas
18 DEPC o iy So ¥ DTT yis S ¥ sy Sao o

(*v) Real time PCR sl by slo youl ) Joo

| Jyare JsSso 1

IFN-y F TTGGGTTCTCTTGGCTGTTA 151bp

IFN-y R TTCTGTCACTCTCCTCCTCCA

TNF-a F TTGGGTTCTCTTGGCTGTTA

TNF-o R TTCTGTCACTCTCCTCCTCCA 251bp
GAPDH-F TGCTGTCTCCCTGTTTGATGTATCT
GAPDH-R TCTCTGCTCCCCACCTCTAAGT 86 bp

sy

MWgalls Coto CuitS digad £+ w0dd (5 slanz ladigal (e
W) ui‘;)l}f 6“"")6}""/["“ ol 6)916"'? 3494.' Yoolaws occisls
00el ¥ Jga ;0 9800 o diges olowiign lo Cud gl

PV

aigni 5)3l 2oz i
350 TR Jolds il yslS dly e ;Mo Lo 7

Slos,s 18wy 0,50 D0 £ F s Sl b o3 VY



Ve o s 3T 8 s lesn0 Jl ot Ko oobiios Koo Al

E9dde sbraigel olondion locus mli Y Jguo

organism ‘ KIA H,S Gas MR VP citrate LDC  Urease Arabinose decgrgg;lase Rhamnose | Trehalose
Genus:
Salmonella ALK/, + - + - - + - - - - +
.Typhi
Real time PCR wY gaxo colais! pisS ow)yp L pou ]y ol g Camolas! gl
Jya> <y Real time PCR 3l Jol> ol oY gaxes SIMRNA Jlgs lal g, ol b le sl (>l jalaieay
Y gass jpam pic g o5 o colaS| Oladad 2S5 5 lebl SO Sy A e 0 gzl el http://lwww.NCBILorg <ole
5 &ISL 70 58T U5 59, el sl g polas! 2 b Bas slacys sl Ll 050 >1g5 Gene runner s ool
JS5) al solasu] i gd s 3l el egdle ol 5,984 2SI wolas! job 4 >1e BLAST cole ;o colyd jo g 208
) IRVRSC g
tnf_a Melt Curve Ifn_}, Melt Curve
[\
Jiit
| i =
§ = I { i
e
20000.0 ‘n‘i‘!

Ceolgi] iS5 yogr polaisl sasas las aS IFN-y s TNF-00 |8 5l asdllas 0,50 slagys ogd pomie ) S5

93 2 ATCC s 5w 9 58k L b oud Lo sLPBMC
IS ged dy Cawnd (P</-VAA (P< /2 0) (5 ol iol58l
Ced g One way Anova s 5l colaiul b fyooren il

TNF-a of ole b
bumme 70 g 505 diged ;0 TNF-a ()5 (o5 Gl (l5ee
Lgw 5 o Mgl (g5l Lo ;5 00,8 0y Jolo s
2!l 5l ax 4x103 cfu/mL clale L ATCC14028 s it
Real-Time oS5 Lawss o Jskos ol 5 CDNA i s RNA
GSosll e A3ls J,;u8 lsieay GAPDH ool ) Lawss s PCR
3 TNF-a 5 ol oo Ol ol plis mls ol

L leeg,5 Tukey's multiple comparisons test sl awslio
Ll 00al ¥ Jgaz ;0 plaS jo (g loline 5 o duaslie K0S,
09,5 1 U5 4 o 395k 09,5 ;0 TNF-a 03 (b (2l
Golel Sl 51 malidl l g el iy JuS L ATCC 14028

el lolise

#YN



i MWigallw 9 (2ol sl o5 | )50 g (5,10 pwr (6 13 (G0

Sua slensg )T 50 TNF-a o5 b alic ¥ Jguar

Tukey's multiple comparisons test Mean Diff. 95% ClI of diff. Significant?
Control vs. ATCC -0.4589 -1.948 to 1.030 No

Control vs. Pathogen -1.875 -3.364 to -0.3861 Yes

ATCC vs. Pathogen -1.416 -2.905 to 0.07280 No

5- sdiges 0 TNF-a 5 olo Ol s 5l Jol> oS5 b

4] 5 03k age b ooadjles GLPBMC o 5 JpuS
§°3_ K Gliee 5 09 o0 ooline ¥ S 0 ATCC14028 4 5u
g 5 ol 00l F Jadz ;0 diges 2 10 (Mgd) 5 ol g0l p
=

" IFN-Y 5 ol s

0-

Control ATCC  Pathogene Jlesd diges (J S diged ;0 IFN-y (5 o5 Lo (l5ee
RNA gl il 5| aas ATCC1609 (s 5o 5 555k dsgmm b o
Real time PCR oS5 lawgs o Jglo cpl 51 CDNA s o
b gy Sesll (A5l S lgicas GAPDH yaly Lanwgs
GBPBMC 1o IFN-y 55 ol s Slyeais ol ol bt

JrS sladsgus (o TNF-a O Ole Dl s Y J&w
o8l s ATCC

TNF-0 5 ol aim o Jsas F Jacs
85 Sl 2z ol Sz F 9o Sial3dl g 2 ATCC 14028 &gm 5 5555l duges b osd Lo

Liges £o5 Fold Change Cily S dged 4 Comnd (P<efe 0} P<e/00) (5 loline

control 1 Cewd g ONeWay Anova sl oolaiwl b cpizen (Y loged)
ATTC 1.45 L ey,S Tukey's multiple comparisons test ¢l awslio
Pathogen 287 Cewl 00wl IS 'aL.\f Be Lg)bb.a.a 9 KW 4.....3.L5.a ).il..\ii

A Comd 03598L 09,5 0 IFN-y (45 olo (il (0 Jgoz)
Sial3l ol 5 el iy ]S L ATCC 14028 o555l S
Sl loline g el s sl

Tukey's multiple comparisons test Mean Diff. 95% CI of diff. Significant?
Control vs. ATCC 14028 -0.1777 -1.103 to 0.7475 No
Control vs. pathogen -2.010 -2.935t0 -1.084 Yes
ATCC vs. pathogen -1.832 -2.757 to -0.9067 Yes
INF-y o5 only iz olo Jgozr # Jgozr Gladiged )0 IFN-y )5 ()ly Ol ) Jol> (o5 ol
Kiges £ g Fold Change ATCC s wsw 5 035k g <o GWPBMC 3 5 i85
3005 ol Gplp iz Gl 9 098 o0 canline ¥ SS )0 14028
control 1 -
Lol 000l £ J9\.\> B 4.'9.4.4 SR
ATCC 14028 1.17
Pathogen Y

ZYY



1Eee o538 sz 10 o ot Ko olitios Seo dlone

SMas! plais S sl M2 L ML lgicas | sl S
Do Bl gladygus 50 5B Sl (35T pandgilin csalis ||
(Th2) Y ¢4 T helper 4 (Th1) \ g4 T helper s, »» 5L
Jd S o adgs IFN-y i oS T slo Jol L T

(NO) G i ST (] 50 45w o oylii 1) 564 Sle (55l
L Th2 51 oetiysl adg Jlie ) 5 wede 3y a5l
adly pl 09l oo plol TGFPL g IL-4 oo 0dgs T sl Jslu
Jbd) M1 slajlag Slo aS ails cale dnal> jo a5 5lasl 4y i
&S Jb 0w o lid 09 5l oledl slas Slas (SIS
el ss slas Slae (550,01 ool Jed) M2 slajlés S
ydom ol )an ¢ Orecchioni Y-+ Jlu ;0 (V) w)ls
Olyss g oals Jlogl sloS o bl 5 1, M2 glaslég Sl
yol> J= o M1/ M2 slaslis Sle sondils .060,S puds
Wuu]odfw‘owu)fﬂm)ooobmguuj)&

(YY) 05 od Cirogs SIS o)l &y 1, La3loy STLe

ooy bbb slasly Sl alulid (Jbo (lyea
M2 b M1 glajlis Sle clojbns ;5 s> 4 45 (TAM)
ol s odle IS o sdezmn |y e 2l iz el
55 CD169 5 T Jsko (gloosi S oaisS ol (glojlis,Ske
s M2 5 ML 55,51 slaasgazmo s caisid wilonds glolis
Ky Cargigan Sjlatan 5l oad Bite sla3lsy Slo o Klac
LT .(YA) 95,5 oo, ool 3los oo ol 2y Ly 4,
08 o] sl ol aiile azdl jo Jae slaailis o
b siesso gl (99,500 DY gamo by oads Jlad slacosgiid
M1 56,5 le caudgnd wigd alatte izme (63 ,5os (slacuissd 4
sbrl 2blys (ol G oS s YL sk adgi b
S5 598 (2S5 ol i Lo Jelse ply )o Caaslie
Slogeuly i) g 5eST laalawly g 3 2aSTy (5,05 0L
olaado L M2 slaslig Sl ¢ blas [0 .04 oo aseine T
(sl s oalas (28l (g3lil (ST (Sogll S e
(VD) Sgd oo asein sl IS SeiewgS 1 codlad § yg005 (sli5 )
TNF-0 e pSsnle b g e slagys olo adlas pl 4o 14
285 1,8 Zaglgl ;o IFN-y 4
Cogdgil S (Gl S e )5Sl g LIS (9,8 5l [LPS
030 ML (gt Ceaw 45 1, laglis SLe (GM CSF) 55 5Lo

FYY

Fold change
i

Control ATCC Pathogene

(JS slaasgw o IFN'Y o5 ol Ol s YJS‘”‘
oisl s ATCC

L ool o g lomm b pinn a5 cawl ools ylid olellas
50 pailllo a4z STl olyom 535 mhans 5o Lo S pis
S IS oo 4 sy (S5 Slyasds cal Al 25
il £l yoano 10 55 Az (3 Jled Sl Lol eannd 0k
5 bos rl Ol St bl 03,8 151, (Jske
Lol 03,105 5 £92e Sl (2SS Sighe ;5 5550 o e
Ol b aS cunlonzmy jlan 018 SO (g lew ol S ile
Ol 5l Olgiee a0 9 ) bLI) ) iz (oumb s
S oslitul ()low panis )3 S legn Olprear bagy olo
sbcsgae jasis o Slss opl gl el plo (T 09)
2 6Ly (Gl s Jog il (o) 9 (Mgl
355 0oLl plgion 55 S0y plp
Az g ol o Migedle ;S0 wile Sityphi o6, Lo
S egie g 03 dsgerme mundlSly e (ool ke
ATY) WS oo 0l (s ko 5 Cgiae bl (o 1) 156 Lo Julse
JSt5 5 sl @ alom 5o (T ol @ Styphi ol b
S5 5 Vi 5l 979 dLPS) wy Slo g Ladlons sy
»& Gldske @ oS tign NV slod) (njlenl &5 s
g B oL aS Ll oyl Sy S o alas CopusS
151,551l (YY YY) ol Jshos (3950 5355 g e 05
By e (ol pian sl ATy el by

<l,51Cytokine Interleukin-4 a5 oi caasS V44 ans yo
Shseed 5 LB (98l b analie ;0 565,51 03 0l yo (Sslie
SIS g5l b i ,5 S e olmy) (LPS) 5L
ol Wl (glajles Slo ()5 (e ol (35,8 il Langs L3l Se
Wz ad o oSl ile J” Glsiear IL-4 g
Sl swar o adb Gl e 5 e Foe e Jlo o wan Jlo



i MWigallu 9 (2l b o5 | 1o g (5,10 yr (6 73 (G0

a0l iy Sle ( aBisle;] Ll s o a5 sl sal sols
bee 4 a5 atee ML & M2l sazme (geli )
ST g8 |y gaml )M 15 e (R 9eS
ot M1/ M2 gl o Db o S LS slo JsS 50
Shom leeasS il 5 (smgy; Jeloe l lases Wl
bole (Y JS8) w)ls i MLTMZ (gl Db 53 (o,
Gll yo San SOCS g STAT (IRF) 5,8 yity] sogliss
YY) 0l i M2 L M st Caams 4y 55,5 e 5 ,Shas
SiiSns 5 WIFN Lawg a5 IRF / STAT (gla e (Y'Y
cd a5 STATL G,k 5l 1, lagly,She wigs oo Jud TLR
oS sl o onls Lid L(FF) 0l o 03,0 M1 g5l Jled
ool 30 (6lys 45 S o walass | IRF5 ML slaslss Sl
Gk 5l g Jew obg, 4 STATL-alpha / beta JS° ¢ M1
AYY) ols mds ML gl b 0 MyD88

"

Markers
/ \ o
\ iNOS,

f \ SOCS3 50c%3
A ~ - 3
J ' NOS2 INF

'/'I’ ( I—‘ I-10
\

NF-xB/PI13K
PATHWAYS
v
° S

dL-1-B assle S g g0l Hlade el 5 el a5 S oo
ool gl oo IL-23 ¢ IL-18 dL-12 (TNF) ;5055 35,50 55251
Th17 5 Thl sle Joko bl slagwly b oS oo SaS Jos
WJsone sob 4 (V) 09 plnil (o a1 Loy (5T ogases
oW 8L 6,55 oSS 1 oYL s ML slasleg L
So,es 1, CD86 4 CD80 slo JsUge ¢ CDE8 Sl I
Ole ML 6laslag Sle a5 cel ous oals ylis pioran 0usS 0
-L 5INO b wiS oo Jed 1, NOS2 g uisS oo poass 1, SOCS3
5 E9r% 30 ML (slaslég Slo g lows s o 095 wlsi (5255

V) ol

215 5aS 0055 (sla LBy (sl)ls M2 5 M1 (slavslog Sle
M2 5 CXCL10 3 CXCLY ,5 C1 asile ThL Jsbu S is
bt 5] S o Lee CCL24 5 CCL22 CCL1T gy L

I P2Y(2)R I |T‘Nr-q/3 rl

I-12

NOS2 1 23
TNF
>

MI gamilio Db 50 2550 SediSew slasSIse ¥ SIS

009y lolins o2 Migalles Sodl &g jo lo mal3dl ol cassls
ol 039 oy 53l dyge 4y S
&lp YoV Jle o Ami Febriza lawgs a5 gl aslllas o
S.Typhi & 05l slo jose S9> sdiges 55, TNF-a i
Olie 457 00,8 adrine (285 slowl ELISA a3l colanul b
b biss slewd 5 amsl Liglsdl ooyl cladiges ,5 TNF-

#Y¥

TNF-0 g IFN-y sl S gule o5 olo pol> aalllas (o

e Mgl ool SG 25 sla3lg Sle gl o )M 9B sl
Lgw 9 Wgalls o lilbiv] agw 50,0 pRislel Layls o
Ol il @l a5 <88 )15 bl 0550 i Wigalls (1l
S libial dygm 98 )0 1) olo Gl dagyy cnl 9o 52 ols (i o5
G5 S 03,5 a1 s s Sigells il B 5 igall



1Eee o538 sz 10 o ot Ko olitios Seo dlone

=

S 325 42

3 lasliwl 4 gus 90 40 )0 TNF-a0 g IFN-y a8l iol38l Lo
095 & Comd (oA Migollw 225 5Pl g 5 Migells
5 ol Sla graliz S 3 il G 0S4l 5
F9se S loge lsrear il Gl Sl 5l eilsion 9, 0
oS oolaul Sigells a5 by o slacigac aseis jo

6)‘}§ML¢MJ

ool bz Jolie jo 1 Lo as Sliwgs sles 5l Sid pauiay
ool 6l s oBils (S paels 09,5 51 edin )8 (5,L Lo
D9 g0 B 0y p 92ly (el
&8l o Pyl

sl 00z 158 &dlis o o ls OB s g
Sl &b

(Ph.D) saass y:Ss aaie asb (Ll 5l a8 )5y allas ]
5 Cd S Digo ol oKl o) Ken b aS canl ol g SL
A aals s oBiils g Coglae Jawss dbbgs pe ailio

Y0

Gl oedle L(YF) 00,5 oo (T halS 4 e S
ade Cuglin o JSle 18 IFN-y o5 casl 00y 5 jasuie
Ll sl ,Sle b xSbas codled (20581 L S.Typhi cagae
L TNF-a g IFN-y a5 o0y0 )8 adrin |3 uores 0S5 o
Cosie 4 05501 (glabge 1o JAKISTATUIRF oo (ojludles
O 9 O9d oo 0dS (S Sod 4 e COVID-19
Qg5 o 90 ol ade saiiS i3 slagol bl 5l eolaul s
anlllas ;5 Liads (18)5,5 (,e5 5l COVID-19 5| 56 5w 5|
sledsle BBy y (e bli)la 285 plxl VoV Lo o a5
2 855 5 60 locaml 5 TNF-a 5 IFN-y ouiis” o dgs
4 azg b a0 . (YB)ab 03y (0 B Cuils (g g Sighe
IFN- el sl oyl Sl 51 ol oo siplonl Slellias
oolizsl S. TYphi U Lo o clacdgis slulis ;o TNF-a o

(Y#) o5

S Clae 4 azgi b as cul 53 L6 aisS ol andl
FsUse sloair ol anlss ol asllas YU 5 ead
9 05 oy |y asdllae oS gt g aslag Slo (gl D
SB s gy Sy Gl o Sldlae [0 098 o Slpiiny
Glo,5SB ol on &) (55 g 5 il slagiolej] ¢ J5SUse
00,5 (g e



	04- OA- ART- 1407- English PD edit
	04- OA- ART-1407- Persian PD edit

