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ABSTRACT

The DNA polymorphisms found in clinical strains of Mycobacterium
tuberculosis drive altered physiology, virulence, and pathogenesis in
them. This study aimed to investigate the association between IL23R
1142 G/A (Arg381GIn) and GM-CSF 3928 C/T (lle117Thr) gene
polymorphisms with the incidence rate of tuberculosis in the population
of Sistan. This study was based on the descriptive and applied type. All
patients with active pulmonary tuberculosis were referred to the
tuberculosis center of Zabol city for one year, with an equal number of
healthy people adapted to the patients examined in terms of age. After
data collecting to compare the frequency of polymorphisms, the chi-
square test and OR index were used using SPSS software version 16. We
have found that the IL23R reduced-function allele 1142A and genotypes
CC and TC were overrepresented, especially in the Pad subgroup
compared with the control group (44% versus 42%, 21% versus 22%,
and 44% versus 39%, respectively. Increased risks of TB with
minimal/moderate lung involvement, respectively. Our
demonstrate that the reduced-function polymorphism 1142G ; A
encoded by IL23R influences the outcome of disease severity of active
pulmonary TB in ZABOL patients. The genotypic and allelic frequency of
IL23R 1142 G/A, and GM-CSF 3928 C/T (lle117Thr) polymorphism in
patients with tuberculosis was significantly different from the control
group and this polymorphism was associated with the incidence of
tuberculosis in the population of Sistan.

results

1. Introduction

Tuberculosis (TB), caused by
Mycobacterium tuberculosis (MTB) infection,
affects approximately one-quarter of the
world population [1]. Although the majority of
infected individuals are asymptomatic, known
as latent TB infection (LTBI), around 5-10%
of them would tend to active TB (ATB) during
their lifetime [2].

M. tuberculosis is an intracellular bacterial

pathogen that itself and its anti gens can
stimulate the production of cytokines by
mononuclear phagocytes [3]. Today, based on
Whole-Genome Sequencing (WGS), M.
tuberculosis is divided into seven genera [4].
Molecular typing techniques are a reliable tool
for the epidemiological study tuberculosis due
to their power in diagnosing transmission and
re-differentiation of infection and recurrence
[5]. There are several molecular typing
techniques for the epidemiological study of M.
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tuberculosis . The two most important typing
methods are PCR, MIRU and spoligo typing,
which are the most widely used in this field.
Cellular immunity plays an important role in
controlling the growth of M. tuberculosis [6].

Therefore, effective host defense against M.
tuberculosis infection requires coordinated
measures of innate and adaptive immune
systems [7]. T lymphocytes exert cellular
immunity and these lymphocytes are divided
into two main groups Auxiliary T lymphocytes
and lethal T lymphocytes. Auxiliary T cells
secrete proteins called “cytokines” in
response to antigen stimulation. Cytokines
play a central role in regulating the species
and the rate of immune responses in
mycobacterial infections [8].

In mycobacterial infections, the number of
cells from two newly  discovered
subpopulations of CD3+ myeloid cells are
increased at the infection site; one type
expresses the T cell receptor (CD3+*TCRaf+)
and the other does not (CD3+TCRaf-) [9]. The
role of M. tuberculosis (Mtb) virulence in
generating these subpopulations and the
ability of these cells to migrate remains
unclear [10].

IL-17, which often is produced by Th17,
plays an important role in controlling M.
tuberculosis infection [11]. In addition, IL-23
is required for long-term control of M.
tuberculosis. The granulocyte-macrophage
gene colony-stimulating factor (GM-CSF) is
located on chromosome 5q31 [12]. GM-CSF
plays a key role in the balanced defense of
host innate immunity against tuberculosis,
which its role is associated with maintaining
the integrity of alveolar epithelial cells and
regulating the levels of macrophages and
dendritic cells to facilitate inhibition of
virulent mycobacteria in lung granulomas
[13]. Prolonged impairment of GM-CSF
expression causes pulmonary tuberculosis in
immunocompromised individuals. Defective
GM-CSF signaling causes defective innate
immune activity in alveolar macrophages,
leading to a high susceptibility to lung
infections [14]. GM-CSF expression is a host
defense response against TB infection. GM-
CSF is expressed within human TB granuloma,
which is secreted by human macrophages and
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lung epithelial cells after exposure to M.

tuberculosis cells [15]. GM-CSF is also
expressed when by addition to M.
tuberculosis-infected human macrophage

cultures, which leads to reducing the infection
rate of this bacterium. In the absence of GM-
CSF, mice could not limit the rate of M.
tuberculosis infection since they are unable to
absorb lymphocytes and cannot form normal
granulomas [16]. In addition to the
proliferative effects of GM-CSF on alveolar
macrophages (AMs), GM-CSF increases the
AMs phagocytic capacity, as well as
accelerates the division of lung dendritic cells
(DCs) that accumulate during TB [17, 18]. The
results of limited studies conducted have
shown that single nucleotide polymorphism
(SNP) in IL-23R is associated with susceptible
to tuberculosis (TB) disease [19, 20]. So far,
no study in relation to single nucleotide
polymorphism located in the GM-CSF gene
susceptible to tuberculosis (TB) disease has
been performed. The purpose of this study is
to investigate the association between IL23R
1142G / A (Arg381GIn) and GM-CSF 3928 C /
T (Ile117Thr) gene polymorphisms with the
incidence rate of tuberculosis in the
population of Sistan.

2. Materials and Methods
2.1. Sample Collection

The case-control study was performed
with the approval of the ethics committee of
the Zabol University of Medical Science, and
written informed consent was collected from
all the participants.

The diagnosis of different clinical forms of
active pulmonary and extrapulmonary TB was
established according to the criteria defined
by the American Thoracic Society for the
diagnosis of disease caused by MT [21].
Patients included were clinically and
radiologically diagnosed with pulmonary
tuberculosis and confirmed by sputum smear
and culture for M. tuberculosis. TB patients
with other comorbidities such as myocardial
infarction, liver cirrhosis, acute pancreatitis,
and septic shock were excluded. The inclusion
criteria for the control group were the
absence of clinical symptoms of active PTB
and normal CXR. Also, the controls had no
medical history of TB, other infectious and
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autoimmune diseases, cancer and other
diseases affecting host immunity.

2.2. Study populations

Peripheral blood samples were collected in
EDTA tubes. From 177 patients with active
pulmonary TB from Zabol, Iran, which is in the
central region of the country, were enrolled in
this study. 160 healthy blood donors (97
males and 63 females) were studied as
controls (Tablel). Patients and healthy blood
donors were selected over the period from
January 2019 to June 2020. Individuals with a
history of severe pathologies, including HIV
infection, cardiovascular disease, asthma, or
atopy autoimmune diseases, and cancer, were
excluded from the study. Informed written
consent was obtained from all individuals
prior to blood sampling. Moreover, our study
was approved by the Zabol University Medical
Science Ethics Committee.

Patients were recruited from the
Pneumology Unit, Zabol, and the health care
service, Zabol, Iran. Inclusion criteria for the
patients in this group were determined
according to the criteria defined by the
American Thoracic Society [22].

Diagnosis of active pulmonary TB was
based on clinical symptoms, the presence of
acid-fast bacilli in sputum smears, and culture
on Lowenstein-Jensen and Coletsos medium
in all cases. All controls had the same ethnic
and geographic origins and lived in the same
city as the TB patients. The inclusion criteria
for the control group were the absence of
acute or chronic pulmonary disease, a
negative history of TB, and proof of being
healthy.

This study is based on the descriptive and
applied type and all patients with active
pulmonary tuberculosis were referred to the
tuberculosis center of Zabol city for one year
with an equal number of healthy people
adapted to the patients examined in terms of
age (figure 1). The obtained information is
based on direct observation of the results
obtained from laboratory evaluation.

2.3. Steps of extraction and preparation of
samples

2.3.1. DNA extraction and genotyping
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Genomic DNA was extracted from
peripheral blood lymphocytes using the
commercially available kit (Roche, Germany)
in accordance with the manufacturer’s
instructions, and extracted DNA was stored at
-20°C until analysis.

Blood cell DNA (According to the
manufacturer's factory instructions) was
extracted using the DNG-plus kit. The primers
were designed using Oligo7 software by
referring to the NCBI site and dbSNP database
and obtaining the upstream sequence of
IL23R and GM-CSF genes. The alleles of IL23R
and GM-CSF gene polymorphisms were
detected using polymerase chain reaction-
restriction fragment length polymorphism
(PCR-RFLP) according to previously described
methods [23, 24]. to investigate the specificity
and non-binding of primers to other parts of
the genome, the BLAST software from NCBI
site was used and finally they were made by
Sina gen Company Iran.

2.3.2. Optimal conditions for Reproduction
of each gene by gradient PCR method

PCR reactions were performed in a 25 uL
reaction volume containing 200 ng genomic
DNA, 25 pM of each primer, 2.5 mM
deoxyribonucleoside triphosphates (dNTPs),
1.5 mM MgCl2, and 1 U thermostable Taq DNA
polymerase (Fermentas, Lithuania).

Reactions were run on MyCycler Thermal
cycler, BIO-RAD PCR system (BIO-RAD Co.,
USA), using the following conditions: initial
denaturation at 95¢C for 5 minutes followed
by 35 cycles of denaturation at 94-C for 30
seconds, annealing at 610oC for 30 seconds,
and extension at 72¢C for 1 minute. A final
extension step was at 720C for 10 minutes.
The PCR products were held at 4oC until
analysis.

When the appropriate temperature is
reached for the primer binding step, the IL23R
and GM-CSF genes are proliferated by
polymerase chain reaction (PCR)(Table 2). To
ensure proper proliferation of the desired
gene, 2 pl of PCR product on agarose gel is
loaded. The study of Gene polymorphism was
evaluated by the RFLP method. At this stage,
about 5 pl of the proliferated fragments were
influenced by the restricting enzymes
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Hpy188I and BsmAl, which were purchased
from Thermo Scientific Company and exposed
to a temperature of 37 ° C for 16 hours.
Finally, they were loaded to analyze and cut
the amplified fragment by restricting enzymes
to the products obtained from the reaction on
an agarose gel. To ensure good performance,
10% of the samples were randomly selected
and sequenced.

2.3.3. Data analysis

After data collecting to compare the
frequency of polymorphisms, the chi-square
test and OR index were used using SPSS
software version 16.

3. Results

We have found that the IL23R reduced-
function allele 1142A and genotypes CC and
TC were overrepresented, especially in the
Pad subgroup compared with the control
group (44% versus 42%, 21% versus 22%,
and 44% versus 39%, respectively. Increased
risks of TB with minimal/moderate lung
involvement, respectively. The frequency
distributions of different GM-CSF 3606T / C
and 3928C / T genotypes are summarized in
Table 3.

Table 1. Demographic and clinical data for

tuberculosis patients and controls”

Cell. Mol. Biomed. Rep.

Table 2. Primers, PCR conditions, and restriction

enzymes used for genotyping genes GM-CSF

SNPs Primer sequence 5'-3 PCR
product qu product

F-81:
TTCTGGCAGGACTTTCCTCTGG
3606T/C C81:
(rs25881)  AGGGCAGAGCAGGGCAGCTaG
T 81:
AGGGCAGAGCAGGGCAGCTaA

191bp 683

T-82:
AAACTTCCTGTGCAACCCAGCcA
A-82:
AAACTTCCTGTGCAACCCAGCT
R-82:
TTTCATGAGAGAGCAGCTCCCC

3928C/T

(rs25882) 156bp  65.6

Study No. of Female/Male (No.  Age (mean
group cases (%)) +SD,Y)
105 (59.65) / 71 45.06 +
pTB 177
(40.34) 8.23
75 (66.37) / 38 4315+
Pmd 114
(33.62) 6.54
39(61.90) / 24 48.46 +
Pad 63
(38.09) 11.31
97 (60.62)/63 4493
Healthy 160
(39.37) 5.87

* pTB, pulmonary tuberculosis; Pmd, pulmonary

patients with minimum/moderate lung

involvement; Pad, pulmonary patients with

extensive lung involvement; M, male; F, female.
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AT: annealing temperature;

Fig. 1. Chest radiography showing marked right
hilar lymph-adenopathy and lower lobe opacity in
a 58-year-old woman with primary tuberculosis
(A); Detail of a chest radiography (left midlung
zone) showing countless 0.5- to 1.0-mm nodules
typical Chest

radiography showing a right apical infiltrate in a

of miliary tuberculosis (B);
patient with moderately advanced postprimary
tuberculosis (C); Chest radiography showing far-
advanced bilateral apical cavitary pulmonary

tuberculosis in a 32-year-old woman (D)
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Table 3. Genotype and allele frequencies GM-CSF 3606T/C and 3928C/T gene polymorphisms in controls

and pulmonary tuberculosis patients.

Patients” p-value [OR (95% CI)]
Control T?thl Pmd Pad
Genotype (n=160) p - (n= _a Controls vs. Controls vs.
n (%) (n= 114) (n=63) Total pTB Pmd Controls vs. Pad Pad vs. Pmd
177) n (%) n (%)
n (%)
GM-CSF 3606T / C SNP
Codominant
TT 66 62 38 24
(41.25) (35.02) (33.33) (38.09)
TC 73 76 51 25 0.669 [1.108 0.479[1.213 0.856 [0.941 0.478[1.288
(45.62) (42.93) (44.73) (39.68) (0.690-1.777)] (0.710-2.073)] (0.490-1.806)] (0.639-2.594)]
e 21 39 25 14 0.035[1.977 0.043 [2.067 0.148[1.833 0.776 [1.127
(13.12) (22.03) (21.92) (22.22) (1.049-3.725)] (1.022-4.181)] (0.805-4.170)] (0.491-2.587)]
Dominant
T 66 62 38 24
(41.25) (35.02) (33.33) (38.09)
TC+CC 94 115 76 39 0.240 [1.302 0.189 [1.404 0.665 [1.141 0.525[1.230
(58.75) (64.97) (66.66) (61.90) (0.838-2.024)] (0.851-2.316)] (0.627-2.074)] (0.648-2.335)]
Recessive
94 115 76 39
Te+ce (58.75) (64.97) (66.66) (61.90)
cc 21 39 25 14 0.170[1.518 0.246 [1.472 0.228[1.606 0.228 [1.606
(13.12) (22.03) (21.92) (22.22) (0.836-2.756)] (0.765-2.832)] (0.742-3.479)] (0.742-3.479)]
Alleles
T 205 200 127 73
(64.06) (56.49) (55.70) (57.93)
C 115 154 101 53 0.045[1.372 0.048[1.417 0.229 [1.294 0.684[0.912
(35.93) (43.50) (44.29) (42.06) (1.006-1.872)] (1.002-2.005)] (0.849-1.971)] (0.588-1.417)]
GM-CSF 3928C / T SNP
Codominant
e 61 55 35 20
(38.12) (31.07) (30.70) (31.74)
cT 74 79 53 26 0.493[1.184 0.425[1.248 0.840[1.071 0.679 [1.164
(46.25) (44.63) (46.49) (41.26) (0.730-1.919)] (0.723-2.153)] (0.546-2.103)] (0.565-2.399)]
T 25 43 26 17 0.038[1.907 0.009 [1.812 0.072[2.073 0.748[0.873
(15.62) (24.29) (22.80) (26.98) (1.033-3.521)] (0.910-3.608)] (0.935-4.600)] (0.384-1.988)]
Dominant
e 61 55 35 20
(38.12) (31.07) (30.70) (31.74)
CT+TT 99 122 79 43 0.174 [1.366 0.205[1.390 0.373[1.324 0.885 [1.049
(61.87) (68.92) (69.29) (68.25) (0.870-2.145)] (0.835-2.316)] (0.713-2.460)] (0.540-2.037)]
Recessive
99 122 79 43
CT+TT 6187) | (6892) | (6929) | (6825)
T 25 43 26 17 0.243[1.395 0.405[1.303 0.217 [1.565 0.615[0.832
(15.62) (24.29) (22.80) (26.98) (0.797-2.442)] (0.698-2.431)] (0.767-3.192)] (0.407-1.702)]
Alleles
c 196 189 123 66
(61.25) (53.38) (53.94) (52.38)
T 124 165 105 60 0.039[1.379 0.089 [1.349 0.087 [1.437
(38.75) (46.61) (46.05) (47.61) (1.015-1.875)] (0.956-1.903)] (0.948-2.177)]

*PTB, pulmonary tuberculosis; PMD, pulmonary patients with minimal/moderate lung involvement; Pad,

pulmonary patients with extensive lung involvement.
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Table 4. The combination effects of GM-CSF 3606T / C and 3928C / T gene polymorphism polymorphisms on total,

PMD and Pad pulmonary risk*

Patients
Control

p-value [OR (95% CI)]

Controls vs. PMD Controls vs. Pad

Controls vs. total pTB

GM-CSF GM-CsF Py Total PTB PMD Pad
3606T /C  3928C /T o (%) (n=177)  (n=114) (n=63)
n (%) n (%) n (%)

TT cC 23 18 11 (12.28) 7
TT cT 34 34 22 12
TT TT 9 10 5 5
TC cc 25 29 17 12
TC cT 37 31 22 9
TC TT 11 16 12 4
cc cc 13 8 7 1
cc cT 3 14 9 5

CC

TT

5

17

9

8

1
0537 [1.277 (0.586-2.783)]
0.529 [1.419 (0.476-4.229)]
0.344 [1.482 (0.655-3.353)]
0.863 [1.070 (0.490-2.335)]
0.217 [1.858 (0.694-4.975)]
0.661 [0.786 (0.268-2.304)]
0.011 [5.963 (1.483-23.96)]
0.014 [4.344 (1.345-14.03)]

1
0.508 [1.352 (0.551-3.316)]
0.822 [1.161 (0.314-4.297)]
0.466 [1.421 (0.551-3.663)]
0.632 [1.243 (0.509-3.031)]
0.137 [2.281 (0.767-6.776)]
0.842 [1.125 (0.350-3.614)]
0.015 [6.272 (1.412-27.86)]
0.047 [3.763 (1.017-13.92)]

1
0.786 [1.159 (0.283-2.667)]
0.393 [1.825 (0.458-7.273)]
0.412 [1.577 (0.529-4.694)]
0.694 [0.799 (0.261-2.440)]
0.806 [1.194 (0.287-4.958)]
0.221 [0.252 (0.027-2.287)]
0.045 [5.476 (1.038-28.87)]
0.020 [5.257 (1.294-21.35)]

*PTB, pulmonary tuberculosis; PMD, pulmonary patients with minimal/moderate lung involvement; Pad, pulmonary

patients with extensive lung involvement.
4. Discussion

Histological studies show that GM-CSF
facilitates the formation of initial epithelioid
granulomas in the lung parenchyma during
the intrinsic phase of M. tuberculosis
infection. So far, only two studies have been
performed on the association of IL-23 gene
polymorphisms with the incidence of
tuberculosis disease. In the first study, which
was conducted by Ben-Selma and Boukadida
in 2012 on tuberculosis patients in the Tunisia
population, a significant association between
IL23R 1142G / A polymorphism and an
increased risk of tuberculosis disease in these
patients was observed [25]. In the next study,
which was conducted by Jiang et al., in 2015 in
the Chinese population, a significant
association between IL23R 1142G / A
polymorphism and an increased risk of
tuberculosis disease and its severe clinical
forms [26]. In a study which was conducted by
Essam Bakr Abdelaal et al., in 2021, it was
found that it is the first report that
investigates the association of a new
granulocyte-macrophage colony-stimulating
factor (GM-CSF) -3928C / T and GM-CSF gene
polymorphisms (3606T/C)  with  the
pathogenesis and severity of acne vulgaris and
showed that the frequency of GM-CSF 3928 C
/ T polymorphism is statistically different in
acne patients compared to healthy individuals
who may be susceptible to acne vulgaris [27].

In a study which was conducted by Richard
T. Robinson in 2017, it was found that by
producing GM-CSF T cells from the host, can
be shown that vaccine-mediated proliferation
of GM-CSF-producing T cells could be an
effective preventive or therapeutic strategy
for tuberculosis [28]. In a study which was
conducted by H. Saeki et al. in 2006, it was
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found that there was a strong link imbalance
between 3606 and 3928 polymorphisms
which were proposed two common GM-CSF
haplotypes, 3606 * T-3928 * C and 3606 * C-
3928 * T. However, there was no significant
difference in genotype or allele frequency
between patients with atopic dermatitis and
the control group for each of these two
polymorphisms, so it doesn’t seem that GM-
CSF SNPs have an association with
susceptibility to atopic dermatitis in Japanese
patients. A large-scale study is necessary to
confirm these findings [29].

5. Conclusion

These findings indicate that vaccine-
mediated proliferation of GM-CSF-producing T
cells could be effective prevention or
therapeutic strategy for tuberculosis. Prior to
performing this study, no report regarding an
association between GM-CSF 3928 C/T
polymorphism (Ile117Thr) and the incidence
of tuberculosis has published.

Acknowledgment

The Authors would like to thanks to Zabol
University of Medical Sciences, esteemed
laboratory staff.

Ethics in research

All patients underwent blood sampling
consciously and for scientific purposes.
Participation in this plan has any cost for
patients and the names and details of patients
will not be reported. In this research, the rules
approved by the National Ethics Committee in
medical sciences research according to codes
1, 2, 3, 12-5, 14, 15, 17, and 22-19, which are
included in this research, will be observed.
This research was accepted by the ethics



Cell. Mol. Biomed. Rep.

committee of Zabol University of Medical
Sciences with ID: IR.ZBMU.REC.1398.161.

Authors’ Contributions

KH. R, L.R, and AK prepared the draft
manuscript; KH. R, L.R, Revised the paper; L.R
and KR Collected the data, performed
experiments, evaluated the results, and
analysed the data.

Conflicts of Interest

All authors declare that they have no
competing interests.

Consent for publications

All authors have read and approved the
final manuscript for publication.

Availability of data and material

The authors have embedded all data in the
manuscript.

Funding/Support

This research was carried out with the
financial support of the Vice Chancellor for
Research by Zabol University of Medical
Sciences, for which we are grateful. We would
also like to thank the Deputy Minister of
Health  for making the  necessary
arrangements for sample preparation and
testing.

References

1. Luo Y, Xue Y, Song H, Tang G, Liu W, Bai H,
Yuan X, Tong S, Wang F, Cai Y, Sun Z (2022)
Machine learning based on routine
laboratory indicators promoting the
discrimination between active tuberculosis
and latent tuberculosis infection. Journal of
Infection 84(5):648-657.
doi:https://doi.org/10.1016/}.jinf.2021.12.
046

2. Xin H, Zhang H, Yang S, Liu J, Lu W, Bai L,
Cao X, Feng B, Jin Q, Gao L (2019) 5-Year
Follow-up of  Active  Tuberculosis
Development From Latent Infection in
Rural China. Clinical Infectious Diseases
70(5):947-950.
doi:https://doi.org/10.1093 /cid/ciz581

3. Ghadimi D, de Vrese M, Heller K],
Schrezenmeir | (2010) Lactic acid bacteria
enhance autophagic ability of mononuclear

2021,1(3): 113-121

phagocytes by increasing Th1l autophagy-
promoting cytokine (IFN-y) and nitric
oxide (NO) levels and reducing Th2
autophagy-restraining cytokines (IL-4 and

[L-13) in response to Mycobacterium
tuberculosis antigen. International
Immunopharmacology 10(6):694-706.

doi:https://doi.org/10.1016/j.intimp.2010.
03.014

4. Roetzer A, Diel R, Kohl TA, Riickert C, Niibel
U, Blom ], Wirth T, Jaenicke S, Schuback §,
Risch-Gerdes S, Supply P, Kalinowski ],
Niemann S (2013) Whole Genome
Sequencing versus Traditional Genotyping
for Investigation of a Mycobacterium
tuberculosis Outbreak: A Longitudinal
Molecular Epidemiological Study. PLOS
Medicine 10(2):€1001387.
doi:https://doi.org/10.1371 /journal.pmed.
1001387

5.Feo F, De Miglio MR, Simile MM, Muroni MR,
Calvisi DF, Frau M, Pascale RM (2006)
Hepatocellular carcinoma as a complex
polygenic disease. Interpretive analysis of
recent developments on genetic
predisposition. Biochimica et Biophysica
Acta (BBA) - Reviews on Cancer
1765(2):126-147.
doi:https://doi.org/10.1016/j.bbcan.2005.
08.007

6. Cohen T, Helden PDv, Wilson D, Colijn C,
McLaughlin MM, Abubakar I, Warren RM
(2012)  Mixed-Strain  Mycobacterium
tuberculosis Infections and the
Implications for Tuberculosis Treatment
and Control. Clinical Microbiology Reviews
25(4):708-7109.
doi:https://doi.org/10.1128/CMR.00021 -
12

7. Divangahi M, Khan N, Kaufmann E (2018)

Beyond Killing Mycobacterium
tuberculosis: Disease Tolerance. Frontiers
in Immunology 9.
doi:https://doi.org/10.3389/fimmu.2018.
02976

8. Zhao ZZ, Savage NW, Sugerman PB, Walsh
L] (2002) Mast cell/T cell interactions in
oral lichen planus. Journal of Oral
Pathology & Medicine 31(4):189-195.
doi:https://doi.org/10.1034/j.1600-
0714.2002.310401.x

9. Ramon-Luing LA, Carranza C, Téllez-
Navarrete NA, Medina-Quero K, Gonzalez Y,
Torres M, Chavez-Galan L (2022)

119 | Page



https://doi.org/10.1016/j.jinf.2021.12.046
https://doi.org/10.1016/j.jinf.2021.12.046
https://doi.org/10.1093/cid/ciz581
https://doi.org/10.1016/j.intimp.2010.03.014
https://doi.org/10.1016/j.intimp.2010.03.014
https://doi.org/10.1371/journal.pmed.1001387
https://doi.org/10.1371/journal.pmed.1001387
https://doi.org/10.1016/j.bbcan.2005.08.007
https://doi.org/10.1016/j.bbcan.2005.08.007
https://doi.org/10.1128/CMR.00021-12
https://doi.org/10.1128/CMR.00021-12
https://doi.org/10.3389/fimmu.2018.02976
https://doi.org/10.3389/fimmu.2018.02976
https://doi.org/10.1034/j.1600-0714.2002.310401.x
https://doi.org/10.1034/j.1600-0714.2002.310401.x

2021,1(3): 113-121

Mycobacterium tuberculosis H37Rv Strain
Increases the Frequency of CD3+TCR+
Macrophages and Affects Their Phenotype,
but Not Their Migration Ability.
International Journal of Molecular Sciences
23(1):329

10. Choreflo Parra JA, Martinez Zuiiga N,
Jiménez Zamudio LA, Jiménez Alvarez LA,
Salinas Lara C, Zuiiiga ] (2017) Memory of
Natural Killer Cells: A New Chance against
Mycobacterium tuberculosis? Frontiers in
Immunology 8.
doi:https://doi.org/10.3389/fimmu.2017.
00967

11. Ogongo P, Tezera LB, Ardain A,
Nhamoyebonde S, Ramsuran D, Singh A,
Ng'oepe A, Karim F, Naidoo T, Khan K,
Dullabh K], Fehlings M, Lee BH, Nardin A,
Lindestam Arlehamn CS, Sette A, Behar SM,
Steyn AJC, Madansein R, Klgverpris HN,
Elkington PT, Leslie A (2021) Tissue-
resident-like CD4+ T cells secreting IL-17
control Mycobacterium tuberculosis in the
human lung. The Journal of Clinical
Investigation 131(10).
doi:https://doi.org/10.1172/]C1142014

12. Damiani G, McCormick TS, Leal LO,
Ghannoum MA (2020) Recombinant
human granulocyte macrophage-colony
stimulating factor expressed in yeast
(sargramostim): A potential ally to combat
serious infections. Clinical Immunology
210:108292.
doi:https://doi.org/10.1016/j.clim.2019.1
08292

13. Puttur F, Gregory LG, Lloyd CM (2019)
Airway macrophages as the guardians of
tissue repair in the lung. Immunology &
Cell Biology 97(3):246-257.
doi:https://doi.org/10.1111/imcb.12235

14. Carey B, Trapnell BC (2010) The molecular
basis of pulmonary alveolar proteinosis.
Clinical Immunology 135(2):223-235.
doi:https://doi.org/10.1016/j.clim.2010.0
2.017

15. Mishra A, Singh VK, Jagannath C, Subbian
S, Restrepo BI, Gauduin MC, Khan A (2022)
Human Macrophages Exhibit GM-CSF
Dependent Restriction of Mycobacterium
tuberculosis Infection via Regulating Their
Self-Survival, Differentiation and
Metabolism. Front Immunol 13:859116.
doi:https://doi.org/10.3389/fimmu.2022.
859116

120|Page

Cell. Mol. Biomed. Rep.

16. Ehlers S, Schaible U (2013) The
Granuloma in Tuberculosis: Dynamics of a
Host-Pathogen Collusion. Frontiers in
Immunology 3.
doi:https://doi.org/10.3389/fimmu.2012.
00411

17. Kopf M, Schneider C, Nobs SP (2015) The
development and function of lung-resident
macrophages and dendritic cells. Nature
Immunology 16(1):36-44.
doi:https://doi.org/10.1038/ni.3052

18. Baharom F, Rankin G, Blomberg A, Smed-
Sérensen A (2017) Human Lung
Mononuclear Phagocytes in Health and

Disease. Frontiers in Immunology 8.
doi:https://doi.org/10.3389/fimmu.2017.
00499

19. Rolandelli A, Pellegrini JM, Hernandez Del
Pino RE, Tateosian NL, Amiano NO, Morelli
MP, Castello FA, Casco N, Levi A, Palmero
DJ, Garcia VE (2019) The Non-synonymous
rs763780 Single-Nucleotide Polymorphism
in IL17F Gene Is Associated With
Susceptibility to  Tuberculosis and
Advanced Disease Severity in Argentina.
Frontiers in Immunology 10.
doi:https://doi.org/10.3389/fimmu.2019.
02248

20. Scheller ], Berg A, Moll JM, Floss DM,
Jungesblut C (2021) Current status and
relevance of single nucleotide
polymorphisms in IL-6-/1L-12-type
cytokine receptors. Cytokine 148:155550.
doi:https://doi.org/10.1016/j.cyto.2021.1
55550

21. Lewinsohn DM, Leonard MK, LoBue PA,
Cohn DL, Daley CL, Desmond E, Keane ],
Lewinsohn DA, Loeffler AM, Mazurek GH,
O’Brien R], Pai M, Richeldi L, Salfinger M,
Shinnick TM, Sterling TR, Warshauer DM,
Woods GL (2017) Official American
Thoracic  Society/Infectious  Diseases
Society of America/Centers for Disease
Control and Prevention Clinical Practice
Guidelines: Diagnosis of Tuberculosis in
Adults and Children. Clinical Infectious
Diseases 64(2):el-e33.
doi:https://doi.org/10.1093/cid/ciw694

22. American Thoracic S (2000) Diagnostic
standards and classification of tuberculosis
in adults and children. Am ] Respir Crit
Care Med 161:1376-1395.
doi:https://doi.org/157141712433761600
0



https://doi.org/10.3389/fimmu.2017.00967
https://doi.org/10.3389/fimmu.2017.00967
https://doi.org/10.1172/JCI142014
https://doi.org/10.1016/j.clim.2019.108292
https://doi.org/10.1016/j.clim.2019.108292
https://doi.org/10.1111/imcb.12235
https://doi.org/10.1016/j.clim.2010.02.017
https://doi.org/10.1016/j.clim.2010.02.017
https://doi.org/10.3389/fimmu.2022.859116
https://doi.org/10.3389/fimmu.2022.859116
https://doi.org/10.3389/fimmu.2012.00411
https://doi.org/10.3389/fimmu.2012.00411
https://doi.org/10.1038/ni.3052
https://doi.org/10.3389/fimmu.2017.00499
https://doi.org/10.3389/fimmu.2017.00499
https://doi.org/10.3389/fimmu.2019.02248
https://doi.org/10.3389/fimmu.2019.02248
https://doi.org/10.1016/j.cyto.2021.155550
https://doi.org/10.1016/j.cyto.2021.155550
https://doi.org/10.1093/cid/ciw694
https://doi.org/1571417124337616000
https://doi.org/1571417124337616000

Cell. Mol. Biomed. Rep.

23. Zakeri S, Pirahmadi S, Mehrizi AA, Djadid
ND (2011) Genetic variation of TLR-4, TLR-
9 and TIRAP genes in Iranian malaria
patients. Malaria Journal 10(1):77.
doi:https://doi.org/10.1186/1475-2875-
10-77

24. Bafica A, Scanga CA, Feng CG, Leifer C,
Cheever A, Sher A (2005) TLR9 regulates
Th1 responses and cooperates with TLR2
in mediating optimal resistance to
Mycobacterium tuberculosis. Journal of
Experimental Medicine 202(12):1715-
1724.
doi:https://doi.org/10.1084/jem.2005178
2

25. Kuai S-G, Ou Q-F, You D-H, Shang Z-B,
Wang J, Liu ], Zhou X-K, Pei H, Huang L-H
(2016) Functional polymorphisms in the
gene encoding macrophage migration
inhibitory factor (MIF) are associated with
active pulmonary tuberculosis. Infectious
Diseases 48(3):222-228.
doi:https://doi.org/10.3109/23744235.20
15.1107188

26. Jiang D, Wubuli A, Hu X, Ikramullah S,
Maimaiti A, Zhang W, Wushouer Q (2015)
The variations of IL-23R are associated
with susceptibility and severe clinical
forms of pulmonary tuberculosis in
Chinese Uygurs. BMC Infectious Diseases
15(1):550.

2021,1(3): 113-121

doi:https://doi.org/10.1186/s12879-015-
1284-2

27. Abdelaal EB, Abdelsamie HM, Attia SM,

Amr KS, Eldahshan RM, Elsaie ML (2021)
Association of a novel Granulocyte-
Macrophage Colony-Stimulating Factor
(GM-CSF)-3928C/T and GM-CSF(3606T/C)
Promoter gene polymorphisms with the
pathogenesis and severity of acne vulgaris:
A case-controlled study. Journal of
Cosmetic Dermatology 20(11):3679-3683.
doi:https://doi.org/10.1111 /jocd.14481

28. Robinson RT (2017) T Cell Production of

GM-CSF  Protects the Host during
Experimental Tuberculosis. mBio
8(6):e02087-02017.
doi:https://doi.org/10.1128/mBio.02087-
17

29.§1eki H, Tsunemi Y, Asano N, Nakamura K,

Sekiya T, Hirai K, Kakinuma T, Fujita H,
Kagami S, Tamaki K (2006) Analysis of GM-
CSF gene polymorphisms (3606T/C and
3928C/T) in Japanese patients with atopic
dermatitis. Clinical and Experimental
Dermatology 31(2):278-280.
doi:https://doi.org/10.1111/j.1365-

2230.2005.02052.x

@ Copyright © 2021 by the author(s). This is an open access article distributed
under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).

How to Cite This Article:

Rezaie-Kahkhaie K, Rezaie-Keikhaie K, Rezaie-Kahkhaie L, Saravani K, kamali A (2021) The
relationship between IL23R 1142G / A (Arg381GIln) and GM-CSF 3928 C / T (lle117Thr) gene

polymorphism in Iranian patients with tuberculosis disease. Cellular, Molecular and Biomedical
Reports 1 (3): 113-121. doi:10.55705/cmbr.2021.356674.1059

Download citation:

121 |Page


https://doi.org/10.1186/1475-2875-10-77
https://doi.org/10.1186/1475-2875-10-77
https://doi.org/10.1084/jem.20051782
https://doi.org/10.1084/jem.20051782
https://doi.org/10.3109/23744235.2015.1107188
https://doi.org/10.3109/23744235.2015.1107188
https://doi.org/10.1186/s12879-015-1284-2
https://doi.org/10.1186/s12879-015-1284-2
https://doi.org/10.1111/jocd.14481
https://doi.org/10.1128/mBio.02087-17
https://doi.org/10.1128/mBio.02087-17
https://doi.org/10.1111/j.1365-2230.2005.02052.x
https://doi.org/10.1111/j.1365-2230.2005.02052.x
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=155090
https://www.cmbr-journal.com/?_action=export&rf=enw&rc=155090
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=155090
https://www.cmbr-journal.com/?_action=export&rf=bibtex&rc=155090
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

