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Abstract—It is well known that the human innate immune and adaptive immune response play important
role in tuberculosis (TB) infection and progress. Emerging evidence shows that FOXO3 plays an
important role in the human immune system. Recent research has shown that the FOXO3 genetic variants
are associated malaria infection. In this study, 268 confirmed TB patients, 321 patients with latent
tuberculosis infection (LTBI), and 475 TB-free controls were recruited; the single-nucleotide polymor-
phism (SNP) rs12212067: T > G in FOXO3 was genotyped using predesigned TaqMan® allelic
discrimination assays. The results showed that the G allele of rs12212067 in FOXO3 was more common
in health control and the latent TB group compared with the active TB group (p=0.048, odds ratio (OR)
95 % confidence intervals (CI)=1.37 (1.00–1.89); p=0.042, OR 95 % CI=1.42 (1.01–1.99), respective-
ly); furthermore, within active TB patients, the G allele of rs12212067 in FOXO3 was more frequent in
extra-pulmonary tuberculosis (EPTB) group compared to pulmonary tuberculosis (PTB) group (p=0.035,
OR 95%CI=0.57 (0.33–0.97). In conclusion, this study found that rs12212067 in FOXO3was associated
with increased risk of active TB. The minor G allele might be a protection factor which was found more
common in latent TB patients and healthy controls than active TB patients.
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INTRODUCTION

One third of the world’s population is infected with
Mycobacterium tuberculosis (M. tuberculosis), but less
than 10 % of infected individuals will develop active
disease in their lifetimes [1]. Whether an infected individ-
ual develops tuberculosis (TB) depends on the capacity of
the host immune system to recognize and control the
infection [2]. Genetic variability is an important determi-
nant of the effectiveness of the host immune response to
M. tuberculosis [3]. Several lines of evidence, including
twin studies [4], genome-wide linkage studies [5], and

genome-wide association studies [6, 7], have demonstrated
that host genetic factors play a critical role in effecting the
infected individuals eventually to develop TB.

Forkhead transcription factors of the O class
(FOXOs), primarily identified as downstream targets of
insulin/IGF-1 signaling pathway, consist of four members,
FOXO1, FOXO3, FOXO4, and FOXO6 [8]. These tran-
scription factors have been identified as important regula-
tors involved in cellular differentiation, apoptosis, oxida-
tive stress, glucose metabolism, and other cellular func-
tions [9, 10]. Recently, there has been a surge in interest to
elucidate the importance of FOXOs in regulating T cell
biology. FOXO1 has been shown to control several aspects
of T cells including development of regulatory T cells, the
expression of adhesion molecules like L-selectin and
CCR7, and cytokine receptors like the IL-7 receptor [11].
More recently, in the immune system, increasing evidence
shows that FOXO3 is a critical regulator of T cell homeo-
stasis [12, 13]. FOXO3 has been reported to have non-
redundant roles in suppressing inflammatory cytokine pro-
duction by dendritic cells and in limiting the inflammatory
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sequelae of viral infections [14–16]. It has been reported
that FOXO3 has been linked to the regulation of immune
responses in systems biology and knockout mouse
models; however, whether it is relevant in human disease
remains unclear.

Previously, polymorphisms in FOXO3 have been
independently associated with human longevity [17]; re-
cent research has shown that a genetic variant in FOXO3
(rs12212067: T > G) associates with the prognosis, but not
diagnosis, of three distinct diseases: Crohn’s disease, rheu-
matoid arthritis, and malaria. The rs12212067: T > G in
FOXO3 probably impairs parasite clearance and increases
the risk of severe malaria which is associated with lesser
inflammatory responses characterized with less TNF-α
and more IL-10 production [18]. Whether FOXO3 in con-
trol of inflammatory cytokine production links TB infec-
tion and thereby influences TB progress is unknown. To
test this, we genotyped rs12212067 in FOXO3 in active
TB patients or latent TB patients and ethnically matched
healthy controls; we found an association between the
decreased minor (G) allele and active TB in this study.

MATERIALS AND METHODS

Study Population

In this study, diagnosis of active TB was based on
clinical symptoms, the presence of acid-fast bacilli in spu-
tum smears, and culture on Lowenstein-Jensen medium in
all cases. Latent tuberculosis infection (LTBI) was diag-
nosed by the positive interferon-γ response assay (IGRA)
in the absence of clinical signs and symptoms of full-blown
disease [19]. Control individuals from healthy Han Chi-
nese were randomly recruited from the same area and not
related to the members of TB group, with none having a
history of TB confirmed by X-ray and physical examina-
tions, and the IGRA test was negative. Exclusion criteria:
Patients with immunosuppressive condition such as HIV,
diabetes, or on steroids for inflammatory conditions were
excluded from the study.

In this study, 268 confirmed TB patients, 321 LTBI,
and 475 TB-free controls were recruited from Wuhan
Tongji Hospital in China from January 2013 to July 2014;
the TB patients were then further divided into two sub-
groups: (1) pulmonary tuberculosis patients (PTB)
(n=144) and (2) extra-pulmonary patients (EPTB)
(n=124). All subjects signed informed consent forms vol-
untarily, and the research was approved by the ethics

committee of the Tongji Medical College, Huazhong Uni-
versity of Science and Technology.

Genotyping

Genomic DNA was extracted from whole blood as
previously described [20]. The single-nucleotide polymor-
phisms (SNPs) were genotyped using predesigned
TaqMan® allelic discrimination assays in a ViiA 7 Real-
Time Polymerase Chain Reaction (PCR) System from
Applied Biosystems. All reagents required for the TaqMan
assay including universal master mix, amplifying primers,
and probes were obtained from Applied Biosystems (Fos-
ter City, CA, USA). One allelic probe was labeled with
FAM dye and the other with the fluorescent VIC dye. PCR
was run in the TaqMan universal master mix at a probe
concentration of 20×. The reaction was performed in a 96-
well format in a total reaction volume of 25mL using 20 ng
of genomic DNA. The reaction plates were heated for
2 min at 50 °C and for 10 min at 95 °C, followed by 40
cycles of 95 °C for 15 s and 60 °C for 1.5 min. The
fluorescence intensity of each well in the TaqMan assay
plate was subsequently read, and fluorescence data files
from each plate were analyzed by automated software.

Statistical Analysis

All statistical analyses were performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). A x2 test was
used to compare the distribution of genotypes among
patients and controls. The associations between the
FOXO3 SNP and the disease status were expressed in
odds ratio (OR) and their 95 % confidence intervals (CI).
A p<0.05 was considered to be statistically significant.
The distributions of genotype for rs12212067 were ana-
lyzed for deviation from Hardy-Weinberg equilibrium
(HWE) using x2 analysis; a cutoff p value of 0.05 was set
for HWE.

RESULTS

Demographics and Phenotypes of the Study Subjects

As shown in Table 1, the mean age of the 268 patients
with active TB was 45.6 years, the mean age of 321
patients with LTBI was 51.7 years, and the mean age of
475matched healthy controls was 44.8 years. Additionally,
there were 268 patients with active TB including 144 PTB
patients and 124 EPTB patients, which were composed of
14 with meningeal TB, 41 with pleural TB, 17 with bone
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TB, 42 with abdominal TB, and 10 others. There was no
significant difference among the three groups in age
and sex.

Association of the FOXO3 rs12212067 Polymorphism
with TB

In this study, evaluation of HWE showed that the
genotype frequencies of the FOXO3 rs12212067 polymor-
phism were in line with HWE test in the three groups
(p>0.05) (data not shown). The allele and genotypic fre-
quencies of rs12212067 in TB patients, latent TB patients,
and controls are summarized in Table 2. Analysis of the
contribution of FOXO3 gene allele frequencies revealed
that the G allele of rs12212067 in FOXO3 was more
common in health control and the latent TB group when
compared with active TB group (p=0.048, OR 95 %
CI=1.37 (1.00–1.89); p=0.042, OR 95 % CI=1.42
(1.01–1.99), respectively), whereas no significant differ-
ence was found between latent TB group and health control
(p=0.823, OR (95 % CI)=0.97 (0.74–1.28)) and also no
significant difference in latent TB group + active TB group
compared to the health control (data no shown).

Although, no significant difference of FOXO3
rs12212067 genotype was found among these groups,
analysis of the genotype frequencies of FOXO3
rs12212067 in a dominant inheritance mode showed that
the genotypes GG + GT (vs. TT) was more common in
health control (28.0 %) and the latent TB group (29.6 %)
when compared to active TB group (18.1 %) (p=0.001,
OR 95 % CI=0.57 (0.40–0.80); p=0.001, OR 95 %
CI=0.53 (0.36–0.76), respectively). There was no signifi-
cant difference in distribution of genotype frequencies in a
recessive in heritance mode (GG vs. GT + TT) (Table 3).
All these results suggested that decreased rs12212067

Table 1. Demographics and Phenotypes of the Study Subjects

Subgroup Number Male Female Age

Health control 475 245 230 44.8±18.7
LTBI 321 171 150 51.7±15.6
Active TB 268 153 115 45.6±18.6
PTB 144 89 55 48.3±19.2
EPTB
All forms 124 64 60 42.5±17.3
Meningeal 14 8 6 38.3±17.6
Pleural 41 27 14 44.1±19.0
Bone 17 7 10 48.6±15.0
Abdominal 42 18 24 40.7±15.7
Other 10 4 6 38.3±18.9
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infection and progress [21]. FOXO transcription factors
respond to growth factors, oxidative stress, inflamma-
tion, and nutritional abundance-physiological conditions
that influence the magnitude and effectiveness of an
immune response [22]. FOXO3 has been reported to
contribute to the pathogenesis of several immune-
associated disorders, including TB [23]; furthermore,
the genetic variation at rs12212067 in FOXO3 is also
associated with prognosis in malaria [18]. However, the
genetic association of FOXO3 variations and TB is
poorly understood.

In this study, we found that rs12212067 in
FOXO3 was associated with active TB in dominant
inheritance mode. The minor G allele of rs12212067
in FOXO3 was more frequent in health control and
latent TB group compared to the active TB group.
These data suggest that decreased rs12212067 minor
allele G might be associated with the increase risk of
active TB patients. In the study of Lee et al. [18],
they revealed that the rs12212067 might be a func-
tional SNP affecting FOXO3 expression, which the
minor G allele promoting FOXO3 transcription when
stimulated with lipopolysaccharide (LPS). Based on
the above research, in active TB, the less G allele of
rs12212067 in FOXO3 might result in decreased
FOXO3 expression, subsequently affecting the TB
progress.

Emerging evidence shows that FOXO3 plays an im-
portant role in the human immune system. FOXO3-Table 4. Association of the FOXO3A rs12212067 with PTB and EPTB

Active TB P value OR (95 % CI)

Genotype PTB EPTB
GG 1 4 – 1 (referent)
GT 24 29 0.275 0.30

(0.03–2.89)
TT 119 91 0.103 0.19

(0.02–1.74)
Allele
G 26 (9.0 %) 37 (14.9 %) – 1 (referent)
T 262 (91.0 %) 211 (85.1 %) 0.035 0.57

(0.33–0.97)

Table 5. Association of SNPs with PTB and EPTB in Dominant and R-
ecessive Models

Model Active TB P value OR (95 % CI)

Dominant PTB EPTB
GG + GT 25 33 – 1 (referent)
TT 119 91 0.067 0.58 (0.32–1.04)

Recessive
GG 1 4 – 1 (referent)
GT + TT 143 120 0.127 0.21 (0.02–1.90)

Table 3. Association of the FOXO3A rs12212067 with TB in Dominant and Recessive Models

Model health LTBI active TB P value OR (95 % CI)

Dominant L vs. H A vs. H A vs. L L vs. H A vs. H A vs. L
GG + GT 133 95 58 – – – 1 (referent) 1 (referent) 1 (referent)
TT 342 226 263 0.625 0.001 0.001 1.08 (0.79–1.48) 0.57 (0.40–0.80) 0.53 (0.36–0.76)

Recessive
GG 14 7 5 – – – 1 (referent) 1 (referent) 1 (referent)
GT+TT 461 314 263 0.508 0.370 0.788 0.73 (0.29–1.84) 0.63 (0.22–1.76) 0.85 (0.27–2.72)

13FOXO3 rs12212067: T > G Association with Active Tuberculosis

minor allele G might be associated with the increased risk
of active TB patients, but not susceptibility to TB infection.

Association Analysis of rs12212067 Polymorphism
Within Subgroups of Active TB Patients

Also, association analysis of rs12212067 polymor-
phism between PTB and EPTBwas performed. The results
showed that the genotype frequency of FOXO3
rs12212067 was not significantly different in the PTB
group when compared to EPTB group. However, analysis
of the gene allele frequencies revealed that the G
allele of rs12212067 in FOXO3 was more frequent in
EPTB compared to PTB group (p=0.035, OR 95 %
CI=0.57 (0.33–0.97) (Table 4).

In addition, in both dominant inheritance and reces-
sive inheritance modes, the genotype frequencies of
FOXO3 rs12212067 and gene allele frequencies showed
no significant difference between PTB and EPTB
(p=0.067, OR 95 % CI=0.58 (0.32–1.04; p=0.127, OR
95 % CI=0.21 (0.02–1.90) (Table 5).

DISCUSSION

It’s well known that the human innate immune and
adaptive immune response play important role in TB



deficient mice exhibit enhanced T cell proliferation in
response to viral infections, and FOXO3 acts downstream
of CTLA-4-induced signals to constrain IL-6 production
by dendritic cells (DCs) [14]. Furthermore, Jeremy et al.
[24] systematically examined the T cell-intrinsic role of
FOXO3 in controlling the expansion, contraction, and
memory phases of the polyclonal CD8+ T cell response to
an acute viral infection. FOXO3 regulates the clonal
expansion of polyclonal CD8+ T cells in a tissue-specific
fashion by T cell intrinsic mechanisms. FOXO3 activity
controls the difference in survival capacity between central
memory and effector memory T cells in human [25]. Stud-
ies of human memory T cells have ascribed a negative
regulatory role for FOXO3 in the persistence of memory
CD4+ T cells, and FOXO3 deficiency would be
expected to increase the number of effector memory
cells [26]. FOXO3 also has an important role in the
innate immune; for example, FOXO3 is involved in
migration in neutrophils and survival in the context
of inflammation [27, 28]. Recently, FOXO transcription
factors are involved in the cellular responses to
bacterial stimuli and act as central regulators of
innate immune functions in respiratory epithelial cells
[29]. The detailed role of FOXO3 in TB deserved further
investigation.

In addition, we attempted to reveal whether
there is a difference between PTB and EPTB in
active TB group. The results showed that the G
alleles of rs12212067 in FOXO3 were more frequent in
EPTB. Analysis of the genotype frequencies of FOXO3
rs12212067 and gene allele frequencies both in a dominant
inheritance mode and in a recessive inheritance mode
showed that there is no significant difference in the two
groups. Whether rs12212067 in FOXO3 differentiated
from PTB and EPTB needs further investigation with
larger sample group.

This study also had several limitations. First,
whether the LTBI will eventually keep the status
needs to be followed for a longer time, and whether
the healthy controls had the history of exposure to
MTB is not clear. Second, the number of participants
was relatively small. Third, functional studies are
needed to clarify how the genotypes of FOXO3 affect the
active TB.

In summary, for the first time, this study found
that rs12212067 in FOXO3 was associated with the
increase risk of active TB. The minor G allele might
be a protection factor which was found more com-
mon in latent TB patients and healthy controls than active
TB patients.
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