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Abstract

Purpose

The establishment of candidate genes associated with susceptibility to TB is a challenge

especially due to divergent frequencies among different populations. The objective of this

study was to evaluate the association between macrophage migration inhibitory factor (MIF)

-173 G>C single nucleotide polymorphism (SNP) and susceptibility to pulmonary TB in a

population of southern Brazil.

Methods

Case-control study. Patients > 18 years old, diagnosed with pulmonary TB were included.

The control group consisted of blood donors and household contacts, not relatives, healthy

and > 18 years old. MIF -173 G>C SNPs were genotyped using real-time PCR using a Taq-

Man SNP Genotyping assay.

Results

174 patients and 166 controls were included. There were no statistically significant differ-

ences between cases and controls regarding genotype prevalence (p>0.05). Comparing

patients with normal genotype (GG) with those with at least one C allele, there was also no

statistically significant difference (p = 0.135). Also, there was no statistically significant differ-

ence comparing the homozygous for the mutation (CC) with the other patients (GG and CG)

(p = 0.864).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0234565 June 11, 2020 1 / 8

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Gehlen M, Costa ERD, Rossetti MLR,

Silva DR (2020) Macrophage migration inhibitory

factor -173 G>C single nucleotide polymorphism

and its association with active pulmonary

tuberculosis. PLoS ONE 15(6): e0234565. https://

doi.org/10.1371/journal.pone.0234565

Editor: Selvakumar Subbian, Rutgers Biomedical

and Health Sciences, UNITED STATES

Received: February 22, 2020

Accepted: May 27, 2020

Published: June 11, 2020

Copyright: © 2020 Gehlen et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data are available at

Mendeley: http://dx.doi.org/10.17632/wgh69rpt9w.

1.

Funding: DRS was supported by Conselho

Nacional de Desenvolvimento Cientı́fico e

Tecnológico (CNPq - National Council for Scientific

and Technological Development), and Fundo de

Incentivo à Pesquisa do Hospital de Clı́nicas de

Porto Alegre (FIPE-HCPA 2016-0599).

Competing interests: The authors have declared

that no competing interests exist.

http://orcid.org/0000-0003-0230-2734
https://doi.org/10.1371/journal.pone.0234565
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234565&domain=pdf&date_stamp=2020-06-11
https://doi.org/10.1371/journal.pone.0234565
https://doi.org/10.1371/journal.pone.0234565
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.17632/wgh69rpt9w.1
http://dx.doi.org/10.17632/wgh69rpt9w.1


Conclusions

We did not find association between MIF -173 G>C polymorphism and susceptibility to pul-

monary TB.

Introduction

The natural history of tuberculosis (TB) follows a variable course after the initial infection,

with only 10% of infected individuals actually developing clinical disease. Genetic, environ-

mental and bacterial virulence factors can influence the clinical presentation of TB [1]. Many

studies indicate that genetic factors play a major role in determining the susceptibility and

resistance to TB [2–5].

Polymorphisms of genes play an important role in the occurrence and development of TB.

In recent years, many TB susceptibility genes have been detected [6–13]. The macrophage

migration inhibitory factor (MIF) is a cytokine with proinflammatory chemokine-like func-

tions that have been recognized to play a central role in mediating a wide variety of immune

responses against invading pathogens, and may be associated with the onset and / or progres-

sion of TB. In a fact, a metanalysis revealed a strong association of a MIF polymorphism with

autoimmune and infectious diseases [14]. In TB, MIF is probably the first cytokine to appear

in inflammatory response, inhibits macrophage migration, and promotes macrophage accu-

mulation and T lymphocytes activation in inflamed TB lesions [15,16]. Four polymorphisms

were identified in the MIF gene; however, only the MIF-173 and MIF (CATT5-8) are related to

changes on MIF levels [17]. A few studies had evaluated these polymorphisms in TB, in differ-

ent populations, with controversial results [16,18–22].

The establishment of candidate genes associated with susceptibility to TB is a challenge

especially due to divergent frequencies among different populations [23]. Therefore, studies

on the relationship between the susceptibility to TB and genetic polymorphisms in various

populations and ethnic groups are of great importance. The objective of this study was to eval-

uate, in a case-control study, the association between MIF -173 G>C single nucleotide poly-

morphism (SNP) and susceptibility to pulmonary TB in a population of southern Brazil.

Materials and methods

Study design and location

This study was a case-control study done on 174 patients and 166 controls and conducted in

two hospitals in a city in Southern Brazil with high incidence of TB (80.4 cases/100,000 inhabi-

tants) [24]: Hospital de Clı́nicas de Porto Alegre, a tertiary hospital, university-affiliated, with

750 beds and about 300 cases of TB treated per year, and Hospital Sanatório Partenon, a refer-

ral hospital for TB treatment. The study was conducted between 2016 and 2019. The study was

approved by the Research Ethics Committee of Hospital de Clı́nicas de Porto Alegre (number

16–0599), and all research was in accordance with regulations. All cases and controls signed

Informed Consent Form prior to inclusion in the study.

Patients

We included patients > 18 years old, diagnosed with pulmonary TB, during any time between

the diagnosis and completion of treatment. Patients with concomitant extrapulmonary TB

were excluded. The control group consisted of blood donors and household contacts, not
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relatives, healthy and > 18 years old. Cases and controls were negative for human immunode-

ficiency virus (HIV), and hepatitis B and C virus (HBV and HCV).

Data collection

Patients were interviewed using a standardized questionnaire. The following data were

recorded: demographic data (gender, age, race, years of schooling); presence of symptoms;

smoking history; alcohol and drug abuse, and comorbidities. The racial and ethnic composi-

tion of Brazilian society is the result of a confluence of people from many different ethnic back-

grounds: the original indigenous people, black Africans, Portuguese settlers, and later,

European, Arab and Japanese immigrants, as well as other Asian people and from South

American countries [25]. We collected data on race and classified patients in white and non-

white. The diagnosis of pulmonary TB was accomplished through chest radiography, sputum

smear and culture for mycobacteria, and based on consensus criteria [26]. All patients used the

same treatment (the standard treatment in Brazil: rifampicin, isoniazid, ethambutol, and

pyrazinamide).

DNA extraction

Whole blood samples were collected in EDTA tubes. Total genomic DNA was isolated from

peripheral blood leukocytes by the salting out method [27] and stored at -20˚C until analysis.

MIF Genotyping-173 G> C

The MIF -173 G>C polymorphism (rs755622) was genotyped by real-time polymerase chain

reaction (RT-PCR) using a TaqMan SNP Genotyping assay (part number C_2213785_10;

Applied Biosystems, Foster City, CA, USA), according to a protocol of Gomez et al [16], using

StepOne ™ Real-Time PCR Systems. The PCR was carried out with mixes consisting of 8 ng of

genomic DNA, 2.5 ml of Taqman master mix, 0.125 μl of 20 X assay mix and ddH2O up to 5 μl

of final volume. The amplification protocol used was 50˚C for 2 min and initial denaturation

at 95˚C for 10 min followed by 50 cycles of denaturation at 92ºC for 15 s and annealing/exten-

sion at 60˚C for 1 min [16].

Statistical analysis

Data analysis was performed using SPSS 18.0 (Statistical Package for the Social Sciences, Chi-

cago, Illinois). Genotypic frequencies were tested for Hardy-Weinberg using the chi-square

test. Frequencies of genotypes and alleles were compared between cases and controls by logis-

tic regression with adjustment for gender and age. Odds ratio (OR) was used as the point esti-

mates of risk and was calculated along with their 95% confidence intervals (95% CI). P value

less than 0.05 was considered as statistically significant. Considering data of a previous study

[20], with confidence interval of 95% and a power of 80%, at least 83 cases and 83 controls will

be needed.

Results

During the study period, 174 patients and 166 controls met the inclusion criteria and were

included in the analysis. The age range was 18–78 years (cases) and 18–61 years (controls).

There were 120 (69.0%) males and 54 (31.0%) females among cases and 105 (63.3%) males and

61 (36.7%) females among controls. One hundred and fifteen patients were white (66.1%) and

59 (33.9%) were non-white among cases and 114 (68.7%) were white and 52 (31.3%) were

non-white among controls. The prevalence of genotypes GG (normal), GC (heterozygous),
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and CC (homozygous for mutation) among cases was 94 (54.0%), 72 (41.4%), and 8 (4.6%),

respectively. In controls, the frequencies of genotypes GG (normal), GC (heterozygous), and

CC (homozygous for mutation) among cases were 103 (62.1%), 56 (33.7%), and 7 (4.2%),

respectively. The genotype frequencies were not found to be significantly different from those

predicted by the Hardy–Weinberg equilibrium. There were no statistically significant differ-

ences between cases and controls regarding genotype prevalence, controlled for age and sex

(Table 1).

Comparing patients with normal genotype (GG) with those with at least one C allele, there

was also no statistically significant difference (p = 0.135). In addition, there was no statistically

significant difference comparing the homozygous for the mutation (CC) with the other

patients (GG and CG) (p = 0.864).

Discussion

In the present study, we did not find association between MIF -173 G>C polymorphism and

susceptibility to pulmonary TB. There were no statistically significant differences between

cases and controls regarding genotype prevalence. In addition, there was no statistically signifi-

cant difference comparing patients with normal genotype (GG) with those with at least one C

allele, and comparing the homozygous for the mutation (CC) with the other patients (GG and

CG).

There is increasing evidence that host genetic factors are implicated in susceptibility to TB,

corroborated by monozygotic and dizygotic twin studies [5,28], genome-wide linkage studies

[29–31], and genome-wide association studies [32,33]. Polymorphisms in candidate genes

have shown influence on this TB susceptibility. MIF -173 G>C gene polymorphism has been

shown to play a role in TB risk in several studies [16,18–22]. MIF gene is located at

chromosome22q11�2 and encodes a T-cell-derived cytokine that plays an important role acti-

vating macrophage functions, regulating Th1/Th2 balance, and also is involved in delayed-

type hypersensitivity reaction [34–36]. MIF is expressed by epithelial cells of the bronchi and

alveolar macrophages, which have substantial influence on defense against tubercle bacilli

[37]. In a Ugandan cohort, it was showed that genetic low expressers of MIF were 2.4-times

more frequently identified among patients with Mycobacterium tuberculosis bacteremia than

those without. Also, MIF deficient mice have an inadequate innate immune response and, con-

sequently, are more susceptible to mycobacterial pathology [38].

Table 1. Genotype frequency of MIF -137 G/C polymorphism in cases and controls.

Genetic model Cases, n (%) Controls, n (%) OR (95% CI) P value

Codominant

GG 94 (54.0) 103 (62.1) 1.00 (reference)

GC 72 (41.4) 56 (33.7) 0.71 (0.45–1.11) 0.133

CC 8 (4.6) 7 (4.2) 0.79 (0.28–2.29) 0.675

Dominant

GG 94 (54.0) 103 (62.1) 1.00 (reference)

GC + CC 80 (46.0) 63 (37.9) 0.72 (0.47–1.11) 0.135

Recessive

GG + GC 166 (95.4) 159 (95.8) 1.00 (reference)

CC 8 (4.6) 7 (4.2) 1.09 (0.39–3.09) 0.864

Allele

C 88 (25.3) 70 (21.1) - 0.195

G 260 (74.7) 262 (78.9) - 0.195

https://doi.org/10.1371/journal.pone.0234565.t001
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We did not find differences in MIF -173 G>C genotype prevalence comparing patients

with TB and the control group. Gomez et al [16] studied 230 northwestern Colombian patients

with pulmonary TB, negative for HIV, and 235 matched healthy individuals, and found on

multivariate analysis that MIF -173C allele was associated with disease (odds ratio = 1.64) in a

dominant pattern. In a Moroccan population, the authors demonstrated a statistically signifi-

cant increase of the MIF –173CC homozygote genotype and MIF –173�C allele frequencies in

PTB patients compared with healthy controls [21]. Hashemi et al [18], showed in an Iranian

population that the MIF -173 G/C polymorphism increased the risk of PTB in codominant

(GC vs GG, OR = 1.76) and dominant (GC+CC vs GG, OR = 1.78) tested models. Three stud-

ies were conducted in Chinese population. One of them [19] evidenced that distribution of

MIF -173 genotypes (GC + CC) was significantly higher in TB cases than in controls, and the

frequencies for MIF -173 (GG vs. GC+CC) were statistically significant different comparing

total cases of TB, new cases of TB, and retreatment cases of TB to controls, respectively. Yanlin

et al [22] demonstrated that the frequency of MIF -173 (GC + CC) was higher in TB patients

than in controls (OR = 2.12). Last, Kuai et al [20] found a significant association of MIF -173 C

alleles with susceptibility to active TB. Since polymorphisms occur at different frequencies in

populations of different ethnicities, the high prevalence of miscegenation in our country may

have contributed to these results [25]. In addition, one should also consider the fact that the

population of southern Brazil (study setting) has Italian and German descent, and that these

polymorphisms have not been demonstrated in these populations, only in Chinese [19,20,22],

Moroccan [21], Colombian [16], and Iranian [18] populations. In addition, the sample size

could be small to come to a conclusion at this point; however, we calculated a priori sample

size, and it is bigger than 3 out of 6 studies conducted on this topic.

One limitation of this study is that we recruited patients from a single region of Brazil, and,

as stated above, it is well known that Brazil is an extensive country with a varied ethnic and

racial composition. Therefore, this may have prevented us from finding differences in geno-

type frequency.

This study has been conducted in mixed population, as both cases and control study sub-

jects consists of peoples from various ethnic origin. An elaborated study with a larger sample

size is required to bring enough power to analyse the data from different ethnic groups. In

addition, we didn’t collect data on body mass index (BMI), and it is well known that low BMI

could contribute to TB disease establishment. Also, the patients were not followed-up after the

treatment for relapse. Furthermore, we know that a cohort study including patients with MIF

polymorphism and evaluating the development of TB would bring better scientific evidence;

however, this kind of study is expensive and take a lot of time to get results. Moreover, MIF

levels were not quantified; a correlation study between different genotypes and MIF levels in

patients and controls might help to explain the association between MIF -173 G>C gene poly-

morphism and susceptibility/resistance to tuberculosis. In spite of these concerns, this is the

first study to evaluate the association between MIF -173 G>C polymorphism and susceptibil-

ity to pulmonary TB in Brazil.

In conclusion, in the present study, there were no differences in MIF -173 G>C genotype

prevalence when comparing TB cases and controls. Further studies, including patients from

various regions of Brazil are necessary to better evaluate the association between MIF -173

G>C polymorphism and susceptibility to pulmonary TB.
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16. Gómez LM, Sánchez E, Ruiz-Narvaez EA, López-Nevot MA, Anaya JM, Martı́n J. Macrophage migra-

tion inhibitory factor gene influences the risk of developing tuberculosis in northwestern Colombian pop-

ulation. Tissue Antigens. 2007; 70:28–33. https://doi.org/10.1111/j.1399-0039.2007.00843.x PMID:

17559578

17. Donn R, Alourfi Z, De Benedetti F, Meazza C, Zeggini E, Lunt M, et al. Mutation screening of the macro-

phage migration inhibitory factor gene: positive association of a functional polymorphism of macro-

phage migration inhibitory factor with juvenile idiopathic arthritis. Arthritis Rheum [Internet]. 2002 [cited

2019 Oct 21]; 46:2402–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12355488 https://doi.

org/10.1002/art.10492 PMID: 12355488

18. Hashemi M, Sharifi-Mood B, Rasouli A, Amininia S, Naderi M, Taheri M. Macrophage migration inhibi-

tory factor -173 G/C polymorphism is associated with an increased risk of pulmonary tuberculosis in

Zahedan, Southeast Iran. EXCLI J. 2015; 14:117–22. https://doi.org/10.17179/excli2014-636 PMID:

27065766

19. Liu A, Li J, Bao F, Zhu Z, Feng S, Yang J, et al. Single nucleotide polymorphisms in cytokine MIF gene

promoter region are closely associated with human susceptibility to tuberculosis in a southwestern prov-

ince of China. Infect Genet Evol. Elsevier B.V.; 2016; 39:219–24. https://doi.org/10.1016/j.meegid.

2015.12.003 PMID: 26656832

20. Kuai SG, Ou QF, You DH, Shang ZB, Wang J, Liu J, et al. Functional polymorphisms in the gene encod-

ing macrophage migration inhibitory factor (MIF) are associated with active pulmonary tuberculosis.

Infect Dis (Auckl). 2016; 48:222–8.

21. Sadki K, Lamsyah H, Rueda B, Akil El, Sadak A, Martin J, et al. Analysis of MIF, FCGR2A and FCGR3A

gene polymorphisms with susceptibility to pulmonary tuberculosis in Moroccan population. J Genet

Genomics [Internet]. Institute of Genetics and Developmental Biology and the Genetics Society of

China; 2010; 37:257–64. Available from: https://doi.org/10.1016/S1673-8527(09)60044-8 PMID:

20439102

22. Li Y, Yuan T, Lu W, Chen M, Cheng X, Deng S. Association of tuberculosis and polymorphisms in the

promoter region of macrophage migration inhibitory factor (MIF) in a Southwestern China Han popula-

tion. Cytokine [Internet]. Elsevier Ltd; 2012; 60:64–7. Available from: https://doi.org/10.1016/j.cyto.

2012.06.010 PMID: 22742858

23. Vannberg FO, Chapman SJ, Hill AVS. Human genetic susceptibility to intracellular pathogens. Immunol

Rev [Internet]. 2011 [cited 2019 Oct 21]; 240:105–16. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/21349089 https://doi.org/10.1111/j.1600-065X.2010.00996.x PMID: 21349089
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