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Abstract
Background. Two polymorphisms in the macrophage migration inhibitory factor (MIF) gene have been 
associated with inflammatory diseases (-794 CATT5–8 and -173G>C); however, so far there are no reports 
of studies related to oral health.

Objectives. To genotype the -794 CATT5–8 and -173G>C MIF polymorphisms in Mexican patients with 
apical periodontitis as a genetic risk of exacerbation.

Material and methods. The study involved 120 patients with apical periodontitis: 60 with a diagnosis 
of acute apical periodontitis (Group A) and 60 without previous episodes of exacerbation (Group B). Allelic 
discrimination was performed from peripheral blood DNA; the repeat polymorphism -794 CATT5–8 was 
genotyped with sequencing, while the -173G>C polymorphism was determined using real-time polymerase 
chain reaction (RT-PCR) using TaqMan probes. The associations between MIF polymorphisms, haplotypes 
and the risk of exacerbated apical periodontitis were assessed.

Results. The allele CATT7 was associated with the risk of a stage of acute inflammation (OR = 4.13; 
95% CI = 1.82–9.63; p =< 0.001). Regarding the -173G >C polymorphism, a process of inflammation 
exacerbation was only associated with the CC genotype (OR = 4.1; 95% CI = 1.02–20.84; p = 0.045). 
The analysis of the haplotype showed that the combination CATT7/C increases the risk of exacerbation 
of apical periodontitis (OR = 3.57; 95% CI = 1.038–13.300; p = 0.021).

Conclusions. The polymorphisms -794 CATT5–8 and -173G>C MIF seem to significantly influence the de-
velopment of a state of exacerbated inflammation in patients with apical periodontitis.
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Introduction

Periodontitis is an inflammatory condition which affects 
areas such as the gingivae, periodontal ligaments and alve-
olar bones because of viral or bacterial infections. In acute 
episodes, there is pain because of an increase in hypersen-
sitivity to touch.1 According to several studies, the prev-
alence of periodontitis increases with age and could be 
a problem in more than 60% of the world population.2–4 
When acute inflammation becomes apparent in the tis-
sue, cells of  the  immune system such as macrophages, 
lymphocytes and plasma cells are wrapped in collagenous 
connective tissue as part of the antimicrobial response. 
As a result, the cytokines block not only the osteoclastic 
activity but also bone reabsorption, leading to asymptom-
atic latent or inactive granuloma without visible changes 
in a radiographic image.1

When the balance of the periapical area is broken, bac-
terial proliferation can be triggered towards the radicular 
conduct and periapical tissues, with subsequent exacer-
bation of chronic periodontitis, which manifests itself 
in the formation of a secondary abscess.5 In this process, 
interleukins such as tumor necrosis factor α (TNF-α), inter-
leukin 1b (IL-1b), IL-6, and IL-8 intervene as mediators 
of inflammation.6 The macrophage migration inhibitory 
factor (MIF) is another regulatory cytokine of the innate 
immune response expressed by macrophages, monocytes, 
B cells and dendritic cells as well as granulocytes.7,8

The  MIF is  considered an  important component 
in  the  defense against bacterial infections, since this 
cytokine promotes the  release of  pro-inflammatory 
molecules9,10; however, its overexpression could lead 
to an acute exacerbated response. In fact, MIF has been 
used as a biomarker of diseases with a relevant inflamma-
tory component.11,12

Two polymorphisms located in  the promotor region 
of the MIF gene are associated with inflammatory diseases. 
First, the short tandem repeat CATT5–8 is a tetranucleotide 
that is repeated between 5 and 8 times in position -794; 
increases in the numbers of repetitions produce a corre-
sponding increase in MIF promoter activity.13 On the other 
hand, C-173G, a single nucleotide polymorphism (SNP), 
acts to  enhance the  union of  the  transcription factor 
AP4 and the subsequent overexpression of MIF.14 Both 
polymorphisms have been studied as  factors related 
to the pathogenesis of sepsis, severe acute respiratory syn-
drome, asthma, arthritis, glomerulonephritis, and inflam-
matory bowel disease.12,15

However, we have found no scientific reports that asso-
ciate MIF polymorphisms with acute inflammatory pro-
cesses in the oral cavity. Therefore, the goal of this study 
was to evaluate the risk of exacerbation in Mexican pa-
tients with a diagnosis of apical periodontitis by analyz-
ing the distribution of alleles, genotypes and haplotypes 
in 2 groups: patients without previous episodes of exacer-
bation, and patients with a medical history of exacerbation.

Material and methods

Characteristics of the study groups

A cross-sectional study of 120 patients including 46 males 
(38.3%) and 74 females (61.7%) between 18 and 72 years 
of age diagnosed with apical periodontitis at the endodon-
tic clinic at the University of San Luis Potosí, Mexico, was 
carried out. Anthropometric data and clinical histories 
were collected from all patients. The individuals were clas-
sified into 2 groups according to clinical assessment.

Group A included 60 patients with pulp necrosis as-
sociated with acute apical abscess or phoenix abscess. 
Symptoms could vary from moderate to severe, includ-
ing intraoral/extraoral edema, exudate, tumefaction, 
and pain on palpation or percussion. In severe cases, 
fever and/or lymphadenopathy could also be observed. 
When the diagnosis was acute apical abscess, no periapi-
cal lesion could be detected radiographically, while for 
a phoenix abscess, a periapical lesion could be greater 
than 2 mm.

Group B also included 60 patients with chronic apical 
periodontitis, but without a previous history of exacerba-
tion. A negative response to a cold thermic test was diag-
nosed as pulp necrosis. The patients could have mild or no 
pain on palpation or percussion. Radiographically, a peri-
apical lesion with a diameter wider than 2 mm needed 
to be detected.

This project was previously approved by the bioethics 
committee at the Autonomous University of San Luis Po-
tosí (approval No. CEJ-FE-009-014), and informed consent 
was obtained from all the participants prior to initiating 
our study. All the procedures performed were in accor-
dance with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

DNA purification

DNA was isolated from blood obtained by venous punc-
ture and preserved at −80°C in accordance with a previously 
described protocol.16 Briefly, 1 mL of blood was treated with 
a pH 7.5 lysis solution (0.3 M sucrose, 10 mM Tris–HCl pH 
7.5, 5 mM MgCl2, and 1% Triton X-100). Leukocytes were ob-
tained with centrifugation and washed with the lysis solution. 
Subsequently, the pellet was suspended in 10 mM Tris–HCl 
pH 8 and lysed with 20 mg/mL laundry detergent. Proteins 
were precipitated with 5 M NaCl and the supernatant was 
treated with cold 96% ethanol. The DNA was washed with 
70% ethanol and suspended in nuclease-free water. The sam-
ples were analyzed with the help of a UV-spectrophotom-
eter at 260 nm and 280 nm. The ratio of the absorbance 
at 260 nm and 280 nm (A260/280) was used as indicator 
of purity of DNA; a value between 1.4 and 2 was considered 
acceptable. The DNA samples were standardized to a final 
concentration of 30 ng/µL and frozen until use. All the re-
agents were purchased from Sigma-Aldrich (St. Louis, USA).
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Genotyping

CATT5–8 repetitions in the position -794 of the MIF gene 
were identified with sequencing from a polymerase chain 
reaction (PCR) product obtained using the following oligo-
nucleotides: (F) 5́ - TGTCCTCTTCCTGCTATGTC/(R) 5́ - 
CACTAATGGTAAACTCGGGG -3 .́17 The final volume 
of each PCR was 25 µL with the following composition: 
5 µL 5 × iProofTM HF Buffer (BioLabs, Cambridge, USA), 
120 ng of DNA and 0.125 µL of Taq polymerase (1.25 units). 
For each primer, the final concentrations were 200 nM and 
200 µM for deoxynucleotide triphosphates (dNTPs) (Bio-
Labs). The amplification conditions were 1 cycle at 95°C for 
1 min; 35 cycles at 95°C for 30 s, 60°C for 30 s and 72°C for 
30 s; and finally, 1 cycle at 72°C for 2 min. All PCR assays 
were performed in duplicate in a T100™ Thermal Cycler 
(Bio-Rad Laboratories Inc., Hercules, USA). The amplifi-
cation products were previously verified in 3% agarose gel 
electrophoresis, and the sequencing service was provided 
by LANBAMA (IPICYT, San Luis Potosí, Mexico).

The  MIF -173G>C polymorphism was detected with  
real-time PCR (RT-PCR) using allele-specific oligonucleotide 
probes for both wild-type and mutant alleles, labeled with 
different fluorescent tags. The primers used were as fol-
lows: (F) 5́ -CCAGCAACCGCCGCTAAG-3 /́(R) 5́ -TGGC-
GACTAACATCGGTGA-3 ,́ and the probe for the -173G 
allele was [Q705]- ACCGCTCCAACCTGTT-[BHQ2], while 
the probe for the -173C allele was [Cy5]- CCGCTCCAAGCT-
GTT-[BHQ2]. The primers and probes were designed by 
RealTimeDesign software and purchased from BioSearch 
Technologies Inc. (Petaluma, USA). The qPCR was carried 
out with 30 ng of genomic DNA. Each sample (10 µL) was 
analyzed in duplicate and contained 5 µL of iQTM Multiplex 
Powermix (Bio-Rad) and 300 nmol of each primer and probe. 
The PCR cycles were programmed on a CFX96 Touch Real-
time PCR detection system (Bio-Rad) and consisted of hot-
start incubation (95°C, 3 min) and amplification for 45 cycles 
(95°C, 15 s; 59°C, 1 min). Genotypes were distinguished 
by post-read PCR fluorescence of normalized reported val-
ues for wild-type and mutant alleles. The genotype of each 
sample was determined using a multicomponent algorithm, 
generating 3 allelic clusters: GG, GC and CC genotypes.

Statistical analysis

Geometric means and standard deviations (SD) were 
calculated for continuous variables, percentages by gen-
der and frequencies for alleles, genotypes and haplotypes. 
Comparisons of means between the 2 study groups were 
analyzed using the Mann–Whitney U test, while differ-
ences in the distribution of alleles and genotypes were ana-
lyzed using the χ2 test. The Hardy–Weinberg equilibrium 
for the alleles was measured using the χ2 test, and the link-
age disequilibrium (LD) between the loci was calculated 
using a 2-locus LD calculator.

The association magnitude was quantified with odds 
ratios (OR) with 95% confidence intervals (95% CI) to cal-
culate the risk of exacerbation of apical periodontitis. A bi-
nomial logistic regression analysis was used after catego-
rization by alleles, genotypes and haplotypes, considering 
the clinical diagnosis as a dependent variable with a binary 
outcome (acute vs chronic apical periodontitis). Results 
were considered statistically significant when p < 0.05. 
All the analyses were performed with an IBM SPSS v. 19.0 
statistic software package (IBM Corp., Armonk, USA).

Results

A total of 120 patients with diagnoses of apical peri-
odontitis were included in this study, 50% with a history 
of at least 1 acute episode (Group A) and the other half 
with chronic apical periodontitis without exacerbations 
(Group B). The percentages of women and men were 62.7 
and 37.3, respectively; the average age was 36.4 years. With 
respect to the body mass index (BMI), 43.2% corresponded 
to normal weight, 35.2% to overweight and 21.6% to obe-
sity. Age, the proportion of women and men and BMI did 
not differ between the 2 groups when the data was statisti-
cally analyzed. These results are summarized in Table 1.

The allelic and genotyping frequencies, as well as the dis-
tribution of them between the 2 study groups, are shown 
in Table 2. In  the case of  the MIF -794 CATT5–8 poly-
morphisms, frequencies of 0.23, 0.57 and 0.2 were found 
for CATT5, CATT6 and CATT7, respectively; the CATT8 

Table 1. Characteristics of the study population

Variable
Total

n = 120
mean (min–max) (%)

Group A (AP*)
n = 60

mean (min–max) (%) 

Group B (CP*)
n = 60

mean (min–max) (%)
p-value

Age mean (min–max) 36.4 (12–72) 37.4 (18–69) 35.6 (12–72) 0.45a

Women 62.7 50 74 0.13b

Men 37.3 50 26 –

BMI, mean (min–max) 26.7 (18.4–46.3) 27.1 (18.4–36.6) 26.4 (18.4–46.3) 0.33a

Normal weight 43.2 37.5 48.2 –

Overweight 35.2 41.7 29.6 –

Obesity 21.6 20.8 22.2 0.64b

aMann–Whitney U test; bχ2 test; *AP – acute periapical periodontitis; CP – chronic periapical periodontitis; BMI – body mass index.
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allele was not found in any of the participants. Regarding 
the -173G>C polymorphism, the frequencies for G and C 
alleles were 0.625 and 0.375, respectively, following the Har-
dy–Weinberg equilibrium (χ2 = 2.28, p = 0.13). Both MIF 
polymorphisms were found in  linkage disequilibrium 
(D´ = 0.635, r2 = 0.179, χ2 = 17.72). When the distribution 
of alleles and genotypes of -794 CATT5–8 and -173G>C vari-
ants were analyzed between the 2 study groups, we found 
that only the CATT polymorphism had a different statisti-
cally significant distribution between the groups (p = 0.001).

Odds ratios were measured for MIF polymorphisms 
according to  the  classification of  apical periodontitis 
(acute vs chronic). As shown in Table 3, an association 
was estab lished in individuals carrying the alleles -794 
CATT6 (OR = 2.8; 95% CI = 1.44–5.62; p = 0.002) and 
CATT7 (OR = 4.13; 95% CI = 1.82–9.63; p < 0.001), while no 
association with the -173C allele was found. The analysis 
by genotype showed that the CATT risk alleles are as-
sociated with acute episodes of apical periodontitis only 
in a homozygous model. In fact, CATT7/7 had a great-
er strength of association and increased odds with re-
spect to CATT6/6 (OR = 4.39, 95% CI = 1.09–22.28 and 
p = 0.03 vs OR = 6.65, 95% CI = 1.29–42.49 and p = 0.02). 
In the case of the -173C/C genotype, an association was 

observed in a homozygous model (OR = 4.1; 95% CI = 1.02–
20.84; p = 0.045) as well as a recessive model (OR = 3.9; 
95% CI = 1.064–18.500; p = 0.019).

An analysis of haplotypes was conducted considering 
the -794CATT5/-173G combination as a reference (Table 4). 

Table 2. Allelic and genotypic frequencies of -794 CATT5–8 and G-173C MIF 
polymorphisms in the study group

 MIF 
polymorphism

Total
n (%)

Group A 
(AP*)

n

Group B 
(CP*)

n
p-valueb

-794 CATT5–8 

Allele

CATT5 55 (23) 16 39 0.001

CATT6 136 (57) 73 63

CATT7 49 (20) 31 18

CATT8 0 0 0

 Genotype

CATT 5/5 12 (10) 3 9 0.060

CATT 5/6 26 (22) 8 18

CATT 5/7 5 (4) 2 3

CATT 6/6 50 (42) 30 20

CATT 6/7 10 (8) 5 5

CATT 7/7 17 (14) 5 12

G-173C

Allele

G 150 (62.5) 68 82 0.125

C 90 (37.5) 50 40

Genotype

GG 43 (36) 19 24 0.122

GC 64 (53) 30 34

CC 13 (11) 10 3

bχ2 test; *AP – acute periapical periodontitis; CP – chronic periapical 
periodontitis.

Table 3. Analysis of the association of MIF alleles and genotypes with 
the risk of exacerbation of periapical periodontitis

MIF  polymorphisms OR (95% CI)  p-value

MIF alleles

 -784 CATT5–8

CATT5 1 –

CATT6 2.8 (1.44–5.62) 0.002

CATT7 4.13 (1.82–9.63) <0.001

-173G/C

G 1 –

C 0.81 (0.52–1.28) 0.18

MIF genotypes

 -784 CATT5–8

5/5 1 –

5/6 1.32 (28.00–7.48) 0.74

5/7 1.91 (0.16–20.30) 0.58

5/5 1 –

6/6 4.39 (1.09–22.28) 0.03

6/7 3.11 (1.63–6.10) <0.001

7/7 6.65 (1.29–42.49) 0.02

 -173G/C 

GG co-dominant 1 –

GC 1.18 (0.54–2.60) 0.67

CC 4.1 (1.02–20.84) 0.045

GG dominant 1 –

GC+CC 1.36 (0.64–2.91) 0.42

GG+GC recessive 1

CC 3.9 (1.064–18.50) 0.019

OR – odds ratio.

Table 4. Haplotype frequencies of the -784 CATT5–8 and -173G/C MIF 
polymorphisms and the risk of exacerbation of periapical periodontitis

Haplotype Acute 
cases

Chronic 
cases OR (95% CI) p-value

CATT5/G 10 27 1 –

CATT6/G 42 43
1.6 

(0.67–4.16)
0.13

CATT7/G 18 12
2.15 

(0.85–7.58)
0.046

CATT5/C 7 12
0.99 

(0.28–3.42)
0.49

CATT6/C 30 20
2.51 

(0.96–6.83)
0.03

CATT7/C 13 6
3.57 

(1.038–13.3)
0.021

Total 120 120 – –
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In our results, the CATT7/G and CATT6/C haplotypes 
had statistically significant associations with exacerba-
tions of periodontitis (OR = 2.15, 95% CI = 0.85–7.58 and 
p = 0.046 vs OR = 2.51, 95% CI = 0.96–6.83 and p = 0.03, 
respectively). However, the OR for the CATT7/C haplotype 
was greater than the other 2 combinations, taking into 
consideration that both MIF alleles were associated with 
a higher risk of inflammation (OR = 3.57; 95% CI = 1.038–
13.300; p = 0.021).

Discussion

Both MIF -794 CATT5–8 and -173G>C polymorphisms 
have been related to  the  risk of  increasing the  sever-
ity of  the  inflammatory response.12,15,18 Consequently, 
we studied both variants as genetic risk factors for ex-
acerbation of inflammation in patients with apical peri-
odontitis. When patients with acute apical periodonti-
tis and chronic apical periodontitis were compared, no 
correlations were observed in terms of age, sex or BMI 
in either study group; therefore, possible effects of age, sex 
or obesity on the exacerbation of periodontitis were ruled 
out (Table 1). The most frequent allele was CATT6 (57%), 
while the CATT8 allele was not detected, which is con-
sistent with previous reports carried out in the Mexican 
population.19,20 Regarding MIF -173G>C polymorphism, 
a frequency of 37.5% for risk allele C was found. This was 
slightly higher than previously reported for the Mexican 
population, in which a value around 30% has been ob-
served; however, those studies were carried out in other 
geographical regions of Mexico.21–23 The -794 CATT alleles 
showed a significant difference in distribution between 
the 2 groups, in contrast with the -173G>C allele, which 
did not show a different proportion between the acute and 
chronic groups (Table 2).

The  genetic risk of  exacerbated apical periodontitis 
is analyzed in Table 3, noting that CATT6 and CATT7 

carriers have almost 3 or 4 times higher potential risk 
of  developing an  episode of  acute apical periodontitis 
than CATT5 carriers do; however, either a homozygous 
condition or CATT6/7 combination seems to be neces-
sary for an acute episode. Indeed, the homozygous carriers 
of CATT7 showed the highest risk of exacerbation, with 
an OR value of 6.6 (95% CI = 1.29–42.49; p = 0.02). In fact, 
the CATT6/7 genotype has been considered a vulnerabil-
ity factor for other health risks in the Mexican popula-
tion, such as acute coronary syndrome and rheumatoid 
arthritis.19,20

On the other hand, risk allele C for the MIF -173 polymor-
phism was only associated with acute apical periodontitis 
in a homozygous condition (OR = 4.1; 95% CI = 1.02–20.84; 
p = 0.045), but has also been observed in a recessive model 
where GG+GC genotypes were used as references (OR = 3.9; 
95% CI = 1.064–18.500; p = 0.019). Very recently, several 
studies have reported that the C allele in the MIF  -173 

position represents a genetic risk factor associated with 
diverse disorders or diseases, such as osteoporosis24; pul-
monary arterial hypertension in patients with systemic 
sclerosis25; tuberculosis26; fibrosis in biliary atresia pa-
tients27; breast cancer, especially among older patients28; 
childhood asthma29; and autoimmune hepatitis with acute 
symptomatic presentation.30 However, differences in allele 
frequency among racial groups is a factor to be considered 
when interpreting the results. In the present study, none 
of these diseases was reported by carriers of the -173C allele.

When a haplotype analysis was performed consider-
ing all the allele combinations between -794 CATT and 
-193 G>C MIF polymorphisms (Table 4), the association 
of CATT7 and -173C showed the greatest risk of exacerbat-
ing periodontitis, which concurs with other studies where 
the CATT7/-173C haplotype has been shown to be related 
to an increased inflammatory process.12,19 Particularly, 
the CATT7/-173C combination has been considered a risk 
factor for death in carriers with severe sepsis,31 as well 
as a risk factor for inflammatory polyarthritis.32

Since MIF -794 CATT7 and -173C polymorphisms can 
modify the gene expression and therefore the produc-
tion of  MIF, carriers of  this allele combination would 
have higher levels of circulating MIF, with a consequent 
predisposition to an increased response to inflammatory 
processes13,31,33; however, plasma MIF levels were not de-
termined in this study. More investigations into the role 
of MIF in the development and severity of apical periodon-
titis as well as the genetic predisposition to exacerbation 
are needed.

Conclusions

Although several studies have shown that MIF plays 
a role in the pathogenesis of apical periodontitis as a pro-
moter of other pro-inflammatory molecules,7,9,10,34 MIF 
polymorphisms have only been studied in systemic types 
of inflammatory disorders, such as sclerosis, tuberculosis, 
fibrosis, and asthma.25–27,29 Very few studies have looked 
at MIF polymorphisms in diseases of the oral cavity.35 
There are few reports in the literature about polymor-
phisms in pro-inflammatory cytokine genes related to api-
cal periodontitis.36–38 This study is the first report where 
a positive association has been found between acute stages 
in patients with apical periodontitis and -794 CATT7 and 
MIF -173C polymorphisms.
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