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AKT1 polymorphisms are associated with tuberculosis in the Chinese

population
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Summary

AKT1, a serine ⁄ threonine kinase, plays a critical role in
the controlling of intracellular growth of Mycobacte-
rium tuberculosis. In this study, we investigated whether
polymorphisms in AKT1 affect susceptibility to tuber-
culosis (TB). Two single nucleotide polymorphisms of
AKT1, IVS3+18C>T and +726G>A were genotyped in
Chinese patients with pulmonary TB by polymerase
chain reaction-restriction fragment length polymor-
phism. Patients with pulmonary TB had significantly
lower IVS3+18 C ⁄ C genotype and higher C ⁄ T genotype
compared with age-, gender- and ethnically matched
controls (P < 0.05). The T–A haplotype frequency was
significantly higher in patients than in controls
(P < 0.05). In conclusion, our result indicates that
AKT1 polymorphisms are associated with susceptibility
to pulmonary TB.
Introduction

It is estimated that one-third of the world population
is infected with Mycobacterium tuberculosis, with
8.8 million new cases and 2 million deaths annually
(Raviglione, 2003). Long-time epidemiological obser-
vation indicates that only 5–10% of latent tuberculosis
(TB) infection progress to active TB in their lifetime.
Whether a person develops TB depends on host–path-
ogen interactions. There are several lines of evidence
indicating that susceptibility to TB is determined
partly by the host genetic factors, and possibly influ-
enced by environmental factors as well (Schurr, 2007).
Mutations in genes of the interferon-c signalling path-
way result in increased susceptibility to TB. Several
other susceptibility genes, such as SLC11A1
(NRAMP1), NOD2, MCP1, ALOX5, TLR genes, have
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also been identified (Schurr, 2007; Austin et al.,
2008).

Mycobacterium tuberculosis primarily infects macro-
phages. Once inside the cells, the bacteria can modu-
late endosomal ⁄ phagosomal maturation pathway,
block the fusion of mycobacterial phagosome with
lysosome and avoid bactericidal mechanisms of the
host cells (Houben et al., 2006).

Recently, AKT1 (V-akt murine thymoma viral onco-
gene homolog 1), a serine ⁄ threonine kinase, also
known as protein kinase B (PKB) was identified to be
a key kinase that involves in the controlling of intra-
cellular growth of M. tuberculosis, through regulating
host cell signalling pathways (Kuijl et al., 2007). A
specific small molecule inhibitor of AKT1, H-89, could
significantly inhibit proliferation of M. tuberculosis
strain H37Rv and multi-drug resistant strain
MDR16319 in primary human macrophages, without
inducing apoptosis of the host cells (Kuijl et al.,
2007). Specific knockdown of AKT expression with
AKT1 ⁄ 2-siRNA prevents intracellular growth of
Mycobacterium smegmatis in human macrophages.
Previous study has found that activation of AKT pre-
vents phagosome maturation (Hernandez et al.,
2004). Inhibition of AKT1 can induce phagosome
maturation to phagolysosomes, resulting in killing of
intracellular bacteria (Kuijl et al., 2007). Therefore,
AKT1 inhibitors have the potential to be used as anti-
biotics for the treatment of TB, especially drug-resis-
tant TB.

It is not clear whether polymorphisms in AKT1 gene
affect susceptibility to TB. In this study, we investi-
gated two single nucleotide polymorphisms (SNPs) of
AKT1 gene and related haplotypes in case–control
sample from Chinese population and found association
with susceptibility to pulmonary TB.
Materials and methods

Subjects

A total of 101 Chinese patients of Han ethnic group
(58 men and 43 women; mean age 41.6 ± 12.7 years)
with pulmonary TB were enrolled in the study. They
were inpatients at the Institute of Tuberculosis, 309
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Hospital, Beijing, China, and were diagnosed as pul-
monary TB based on results from acid fast staining of
sputum smear, bacterial culture of mycobacteria, chest
X-ray examination, as well as clinical symptoms and
responses to standard anti-TB chemotherapy regimens.
A total of 106 age- and gender-matched people (64
men and 42 women; mean age 39.2 ± 11.7 years) who
underwent regular health check-up were enrolled as
controls. The criteria for selecting controls were as fol-
lows: (1) only people of Chinese Han ethnic group
were selected; (2) with age between 20 and 60 years;
(3) male ⁄ female ratio was similar to TB patient group;
(4) people with obesity (body mass index, BMI > 25
kg m)2) were excluded from controls; (5) control indi-
viduals were selected randomly. All of the control
individuals had normal chest X-ray appearance and
had no history of TB. The patients and controls were
HIV negative and none was known to present any
immunosuppressive condition. The study was
approved by the Ethics Committee of the 309 Hospital
and informed consent was obtained from all patients.
Table 1. The demographic data of TB patients and controls
SNPs and genotyping

The whole blood was treated with ethylenediaminetet-
raacetic acid to prevent coagulation. The DNA was
isolated from whole blood with a blood DNA extrac-
tion kit, according to the protocol provided by the
manufacturer (Tiangen, China). The genomic DNA
was dissolved in TE buffer and stored at )20�C until
needed.

We assessed two AKT1 SNPs, rs3730358 and
rs1130233, in the study. rs3730358, located at +18
position at intron 3 of AKT1 genomic sequence (Gen-
bank accession no. NC_000014), was designated as
IVS3+18C>T SNP (Fig. 1). rs1130233 was located at
+726 site of the AKT1 gene-coding sequence and was
designated +726G>A SNP (Fig. 1).

Single nucleotide polymorphism genotyping was per-
formed by polymerase chain reaction amplification
(PCR)-restriction fragment length polymorphism
assays, following the protocol provided by Dr Nadao
Iwata, Fujita Health University School of Medicine,
Nagoya, Japan (Ikeda et al., 2004), with modification
in the PCR amplification procedure. For genotyping of
IVS3+18C>T, a nested PCR was applied. The inner
primer sets were 5¢-ATGGCACCTTCATTGGCTAC-
3′5′

TGAAGT

IVS3+18C>T
+726A>G

Figure 1. Genomic structure of the AKT1 locus and location of

SNPs and haplotype. Filled box represents exons of Akt1 genomic

sequence. The distance between the two SNPs is 6513 bp.
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3¢ and 5¢-AGAGGGCTCCAGCCAACC-3¢, and the
outer primer sets were 5¢-AGTCTGCCTTCCCGTTG
ACCCA-3¢ and 5¢-TAGGACTCAGCCTGGAGAC
TCCCA-3¢. The size of the PCR product amplified
with the inner primers is 138 bp. The primer sets for
726G>A SNP were 5¢-TCCTGCTGAGTTAGGGC
TTC-3¢ and 5¢-CACAATCTCAGCGCCATAGA-3¢
and the resulting PCR product is 236 bp long. The
restriction enzyme HaeIII was used for IVS3+18C>T
genotyping and HpyCH4IV for 726G>A.

Haplotypes were analysed by UNPHASED program
that are based on likelihood ratio tests in a log-linear
model for association study (Dudbridge, 2008).
Statistical analysis

Chi-square test or t test was used to evaluate the dif-
ferences in demographic variable with statistical pack-
age SPSS 13 for windows (SPSS Inc., Chicago, IL, USA).
Statistical corrections of P values in multiple tests were
performed by the Bonferroni corrections. The odds
ratio (OR) and P values were calculated by uncondi-
tional logistic regression with statistical package SPSS

13. Hardy–Weiberg equilibrium was assessed with
HAPLOVIEW program v3.2 (Barrett et al., 2005).
Marker-trait association analysis including genotype
analysis and allele frequencies were evaluated with
UNPHASED program v3.0.12 (Dudbridge, 2008). In
haplotypic and single-marker allelewise analysis, the
permutation analysis was used. We performed 10 000
permutations for each analysis. The significance level
for all statistical tests was 0.05.
Results and discussion

This study included 101 TB patients (58 men and 43
women; mean age 41.6 ± 12.7 years) and 106 age-,
gender- and ethnically matched control subjects (64
men and 42 women; mean age 39.2 ± 11.7 years). All
of them are Chinese Han ethnic group. The demo-
graphic characteristics of patients with TB and healthy
control individuals are given in Table 1. Occurrence
of pulmonary TB was not significantly associated with
age (P = 0.652), gender (P = 0.774), exposure to TB
TB patients Controls P-values

Age (years), mean ± SD 41.6 ± 12.7 39.2 ± 11.7 0.652

Gender, n (%)

Male 58 (57.4%) 64 (60.4%) 0.774

Female 43 (42.6%) 42 (39.6%)

Exposure to TB patients

Yes 13 (12.9%) 8 (7.5%) 0.240

No 88 (87.1) 98 (92.5%)

BMI

<21 kg m)2 20 (19.8%) 16 (15.1%) 0.457

21–25 kg m)2 81 (80.2%) 90 (84.9%)

BMI, body mass index; TB, tuberculosis.
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Table 2. Distributions and allele frequencies of the IVS3+18C>T

and +726G>A genotypes in patients with pulmonary tuberculosis

SNPs

Case

(n = 101)

Control

(n = 106) P-valuesa

IVS3+18C>T

Genotypes

C ⁄ C 0.7624 0.8774 0.031

C ⁄ T 0.2277 0.1132 0.028

T ⁄ T 0.0099 0.0094 nd

Allele frequencies

C 0.8762 0.934 0.043

T 0.1238 0.066

+726G>A Genotypes

G ⁄ G 0.2079 0.3019 0.259

G ⁄ A 0.5941 0.434 0.021

A ⁄ A 0.198 0.2642 0.1215

Allele frequencies

G 0.505 0.5189 0.777

A 0.495 0.4811

aUNPHASED program v3.0.12 was used for statistical analysis

(Barrett et al., 2005).

nd, not determined; SNPs, sigle nucleotide polymorphisms.

Table 3. Haplotype analysis of IVS3+18C>T and +726G>A in

patients with pulmonary tuberculosis

IVS3+18C>T–+726G>A

haplotype

Haplotype

frequencies

P-valuesaCase Control

C–G 0.4183 0.4609 0.2862

C–A 0.4579 0.473 0.8844

T–G 0.0866 0.0579 0.1134

T–A 0.0372 0.0081 0.0216

aUNPHASED program v3.0.12 was used for statistical analysis

(Barrett et al., 2005).

AKT1 polymorphisms and tuberculosis 99
patients (P = 0.240) and BMI (P = 0.457) in the popu-
lation studied.

The IVS3+18C>T and +726G>A SNPs were selected
for association study for two reasons (Fig. 1). First,
previous study has demonstrated that the
IVS3+18C>T–+726G>A haplotype was associated with
different expression level of AKT1 protein. The
CC ⁄ GG major haplotype had significantly higher
AKT1 expression and lower apoptosis of the cells than
the minor TT ⁄ AA haplotype (Harris et al., 2005). Sec-
ondly, they are located in the middle part of AKT1
genomic sequence with five exons and a distance of
6513 bp between the two SNPs. Therefore, these poly-
morphisms might relate to functional changes of
AKT1 in cells.

The genotype frequencies of the two SNPs were in
Hardy–Weinberg equilibrium. Analysis of IVS3+18C>T
SNP showed that the patients with pulmonary TB
had significantly lower C ⁄ C homozygous genotype
(P = 0.031) and higher C ⁄ T heterozygous genotype
(P = 0.028) compared with age-, gender- and ethnically
matched controls (Table 2). The minor T ⁄ T homozy-
gous genotype had one person in each group and its
significant could not be determined. Allele frequen-
cies of IVS3+18 C and T also demonstrated signifi-
cant difference between the case and control groups
(P = 0.043) (Table 2). However, the difference of
allele frequencies was not statistically significant
when P value was adjusted by Bonferroni correction.
The result indicates that IVS3+18 C ⁄ C homozygous
genotype is negatively associated with pulmonary
TB.

+726G>A SNP is a synonymous polymorphism
located in exon 9 of AKT1 genomic sequence.
Although the +726 G ⁄ G homozygous genotype was
much lower in patients with pulmonary TB than in
controls (0.2079 vs. 0.3019), the difference was not
statistically significant (P = 0.259; Table 2). In con-
trast, the patient group had significantly higher G ⁄ A
heterozygous genotype than controls (0.5941 vs.
0.434; P = 0.021). The overall G and A allele frequen-
cies were very similar in the two groups (P > 0.05;
Table 2). The results are mixed and do not support
an association of +726G>A SNP with pulmonary TB.

Next, we analysed the frequencies of IVS3+18C>T–
+726G>A haplotype by UNPHASED program (Dud-
bridge, 2008; Fig. 1). There are four different haplo-
types, and the major C–G and C–A, minor T–G
haplotypes had similar frequency among case and con-
trols (P > 0.05; Table 3). The minor T–A haplotype
had significantly higher frequency in patients than in
controls (P = 0.0216; Table 3), indicating a positive
association with pulmonary TB.

We performed logistic regression analysis on both
the SNPs and TB patients’ clinical characteristics,
including age, sputum smear ⁄ culture result, lung cavity
and extra-pulmonary TB. Only C ⁄ T heterozygous
genotype on IVS3+18C>T SNP site was negatively
associated with extra-pulmonary TB in the patient
ª 2010 Blackwell Publishing Ltd, International Journal of Immunogenetics 3
group, although not significantly (OR = 2.714, 95%
CI: 0.54–13.68).

The serine ⁄ theronine kinase AKT is a central node
in cell signalling of cytokines and other cellular
stimuli, and it functions downstream of phosphatidyl-
inositol 3-kinase (PI3K) (Manning & Cantley, 2007).
Activated PI3K phosphorylates phosphatidylinositol-
4,5-bisphosphate (PIP2) to generate phosphatidylinosi-
tol-3,4,5-trisphosphate (PIP3). PIP3 recruits AKT to
the cell membrane that results in phosphorylation and
activation of AKT and initiation of downstream sig-
nalling cascade. There are three isoforms of AKT:
AKT1 (also known as PKBa), AKT2 (PKBb) and
AKT3 (PKBc), which are encoded by separate genes.
Targeted knock-out of each of these isoforms in mice
revealed both specific and redundant functions.

Recent studies have identified PI3K ⁄ Akt signalling
pathway as a critical regulator of replication of a
number of viruses, including influenza A virus, parain-
fluenza virus 5, myxoma virus, severe acute respiratory
syndrome-coronavirus (SARS-CoV) and hepatitis B
7, 97–101



100 X. Wang et al.
virus (Mizutani et al., 2005; Wang et al., 2006; Guo
et al., 2007; Shin et al., 2007; Sun et al., 2008). Sup-
pression of PI3K ⁄ Akt activation by specific small
molecular inhibitor resulted in reduction of influenza
A virus yield in human lung carcinoma cells (Shin
et al., 2007). Akt pathway was shown to be a key
restriction determinant for the permissiveness of the
human cancer cells by myxoma virus (Wang et al.,
2006). Inhibitors of PI3K ⁄ Akt and c-Jun N-terminal
protein kinase (JNK) prevented establishment of
persistent infection of SARS-CoV in Vero E6 cells
(Mizutani et al., 2005).

The Akt signalling pathway also plays an important
role in invasion and replication of some bacteria. The
group B streptococcus requires the PI3K ⁄ Akt signalling
pathway for invasion of epithelial cells (Burnham
et al., 2007). Akt1 inhibitors could significantly
reduce growth of Salmonella typhimurium and M.
tuberculosis in host cells through inducing phagosome
maturation to phagolysosomes (Kuijl et al., 2007) and
might be used as antibiotics for the treatment of
infection.

Of the numerous AKT1 SNPs identified in humans,
six of them, designated SNP1-5 and A, are mostly
studied and have been reported to be associated with
several diseases, such as Parkinson’s disease (Xiromeri-
siou et al., 2008), Schizophrenia (Ikeda et al., 2004;
Schwab et al., 2005) and biopolar pedigrees (Yoyota
et al., 2003). Recently an AKT1 E17K somatic muta-
tion was identified. This mutation leads to pathologi-
cal localization to the plasma membrane and activates
AKT1, and is implicated in human breast, colorectal
and ovarian cancers (Carpten et al., 2007). To our
knowledge, there is no any report on relationship of
human AKT1 polymorphisms with susceptibility to
TB. In this study, we found association of the
IVS3+18C>T SNP and the T–A haplotype with pulmo-
nary TB. Since +726G>A is a synonymous SNP, it is
possible that IVS3+18C>T polymorphism might
involve in the regulation of AKT1 expression and
should be studied further. Previous studies have
proved that SNPs can significantly alter the expression
or activity of AKT1 (Harris et al., 2005; Carpten
et al., 2007), it is possible that SNPs on the AKT1
locus might influence controlling of M. tuberculosis
replication in humans and ultimately development of
active disease.

The IVS3+18C>T–+726G>A haplotype result was
based on comparison of haplotype frequencies in the
case–control sample. Because there is high percentage
of heterozygous genotypes in the patients and controls,
the difference in frequencies may not directly related
to the AKT1 expression level in cells as expected and
interpretation of the result should be cautious.

In conclusion, two SNPs of AKT1 gene and the
related haplotypes were investigated in a case–control
sample from Chinese Han ethnic population, and the
IVS3+18C>T SNP and the T–A haplotype were found
to be associated with susceptibility to pulmonary TB.
ª 2010 Blackw
It might be a good candidate of genetic marker for the
risk evaluation of TB.
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