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Abstract
Introduction. Angiotensin- converting enzyme 
(ACE) is thought to influence the activity of  
the hypothalamic- pituitary -adrenocortical system, 
which shows hyperactivity in the majority of 
patients with major depressive disorder (MDD). 
This study aimed at determining an association 
between two single nucleotide polymorphisms 
(SNPs) (rs4291;−240A/T and rs4292;−93T/C) of 
the ACE gene promoter and MDD in  
northeastern Thais.
Subjects and methods. In the present case-control 
study, genotyping of 187 unrelated patients with 
MDD (44.89±12.92 years) and 207 unrelated 
healthy controls (41.34±9.76 years) from the 
northeastern part of Thailand was performed using 
polymerase chain reaction-restriction fragment 
length polymorphism technique.
Results. Comparing the two groups, no significant 
difference was observed with regard to either 
genotype distributions or allele frequencies of  
the −93T/C SNP of ACE. For the −240A/T SNP, a 
significant difference in genotype distributions was 
found (χ2=6.65, df=2, p=0.036). The presence of 
the −240A allele of ACE was associated with a 
decreased risk for MDD compared with the −240T 
allele (χ2=4.24, df=1, p=0.040, odds ratio=0.702 
[95% confidence interval=0.508–0.971]). Moreover, 
haplotype frequency analysis revealed that the 
−240T/–93T combination was significantly over-
represented in patients with MDD in comparison 
with controls (13.6% and 6.8%, p=0.002 on χ2 test, 
empirical p=0.004).
Conclusions. In the present investigation, an 
association between the −240A allele and a 
reduced risk for MDD was observed, but the 
genotype distributions of controls were only  
just in marginal agreement with Hardy-
Weinberg equilibrium. The T-T haplotype in the 
ACE gene was significantly associated with an 
increased risk for MDD.

Introduction
Given the widespread and disabling nature of the 
illness, major depressive disorder (MDD) has 
been a rising public health concern.1 Based on 
the WHO ‘Global burden of disease’ study, it is 
estimated that MDD will become the second 
leading cause of disability globally in a projection 
of future burden of disease and risk factors by the 
year 2020.2 The total contribution of genetic 
 factors in the origin of disease (i.e. heritability) 
is approximately 40%.3 The relative risk (ratio of 
risks to first-degree relatives of MDD probands 
versus the general population) is roughly 2 to 3.4 
The mode of inheritance is unclear.5-7 In addition, 
powerful environmental risk factors have been 
demonstrated to include childhood abuse and 
neglect as well as life stress,8,9 thus highlighting 
gene-environment interactions. Nevertheless, rel-
evant DNA sequence variations in promising 
candidate genes involved in the pathogenesis of 
MDD remain to be elucidated.

Although such neurotransmitter systems as sero-
tonin, dopamine and norepinephrine have been 
primarily hypothesised to be involved in the aetiol-
ogy of MDD, the renin-angiotensin system has also 
been proposed to play a crucial role in the 
pathophysiology of MDD. In particular, a possible 
contribution of the renin-angiotensin system in 
 controlling of the mood has been suggested as 
angiotensin II is a peptide neurotransmitter that 
interacts with dopamine in specific brain regions 
and angiotensin-converting enzyme (ACE) has been 
demonstrated to modulate dopamine turnover in 
the corpus striatum.10 Clinically, antidepressant 
effects have been demonstrated for captopril, an 
ACE inhibitor.11,12 Furthermore, dysregulation of the 
hypothalamic-pituitary-adrenocortical axis has been 
reported in patients with depression,13,14 pointing 
towards a modulated neuroendocrine activity.15-18
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The gene encoding ACE is located on the long 
arm of chromosome 17 (17q23). The gene is  
21 kilobases in length and comprises 26 exons 
and 25 introns.19 According to the National Centre 
for Biotechnology Information records, more than 
160 ACE gene polymorphisms are listed, most of 
which are single nucleotide polymorphisms 
(SNP).20 Of special interest is the functional rele-
vance of these SNPs. In particular, the association 
of –240A/T and –93T/C ACE polymorphisms 
(rs4291 and rs4292) with plasma ACE levels has 
been previously reported.21-23

A study in German populations has discovered a 
strong association between the –240T allele of ACE 
and the increase in depression risk, ACE serum 
activity and hypothalamic-pituitary-adrenocortical 
axis hyperactivity.23 As the transcriptional effect of 
–240A/T SNP on ACE expression was studied 
using the promoter functional assay in HEK-293 
and IMR-32 cells, no difference in transcriptional 
activity between the –240A and –240T promoters 
was found.24 Although the transcriptional effect of 
–93T/C ACE SNPs on gene expression has never 
been elucidated to date, in silico analysis of this 
SNP demonstrated variation in binding sites for 
transcription factors,25 thus suggesting its functional 
impact on gene expression. Moreover, linkage 
 disequilibrium (LD) between these two SNPs has 
never been analysed in any Asian population. 
Herein, we investigated the genetic association  
of these two ACE promoter SNPs and haplotype 
with susceptibility to MDD in a northeastern Thai 
population.

Materials and methods
Study population
We successfully genotyped genomic DNA  samples 
obtained from 187 unrelated patients with MDD 
(122 women and 65 men, aged 44.89±12.92 years) 
and 207 unrelated healthy controls (129 women 
and 78 men, aged 41.34±9.76 years). The MDD 
sufferers were diagnosed according to DSM-IV 
criteria by experienced psychiatrists of Loei 
Rajanagarindra Psychiatric Hospital, the organisa-
tion providing mental healthcare services for Loei, 
Nongbualamphu and other nearby provinces of 
Thailand. Both groups have permanently resided 
in the same region, with sex and age matched. The 
local committee for ethics of medical experiments 
on human subjects approved the study, and all 
participants gave their written informed consent.

Determination of the ACE SNPs
Genomic DNA samples were extracted from 
whole blood using FlexiGene DNA kit (Qiagen, 
Hilden, Germany).

The ACE SNPs in the present study were detected 
using polymerase chain reaction-restriction frag-
ment length polymorphism with XbaI and HinfI 
for –240A/T and –93T/C, respectively, as previ-
ously described,21,26 with slight modifications. In 
particular, polymerase chain reaction conditions 
included 35 cycles at 60ºC annealing temperature 
and 30 cycles at 69.6ºC annealing temperature for 
–240A/T and –93T/C SNPs, respectively, follow-
ing which 15 µl of the polymerase chain reaction 
product was digested with 10 units of each 
restriction enzyme at 37ºC overnight. Analysed 
using agarose gel electrophoresis, fragments con-
taining the A allele had one band of 137 bp and 
fragments containing the T allele were divided 
into two bands of 114 bp and 23 bp for –240A/T 
SNP, whereas fragments containing the T allele 
had one band of 390 bp and fragments contain-
ing the C allele were divided into two bands of 
290 bp and 100 bp for –93T/C SNP. Randomly 
selected DNA samples were subjected to DNA 
sequencing to verify the polymerase chain reac-
tion-restriction fragment length polymorphism 
approach.

Statistical analysis
For sex data, they were compared by chi-square 
(χ2) tests in contingency tables. Difference in age 
data between case and control groups was exam-
ined using unpaired Student’s t-tests. Hardy-
Weinberg equilibrium (HWE) for the distributions 
of genotypes was estimated by the χ2 tests. Allele 
and genotype frequencies were compared between 
groups using the χ2 tests with Yates correction. A 
p value of < 0.05 was considered significant. Odds 
ratios (OR) with 95% confidence interval (CI) were 
calculated using GraphPad Prism 5 software. 
Haplotype analysis was performed by HaploView 
4.1 (http://www.broad.mit.edu/mpg/haploview/), 
and the permutation test of this software was set 
to 100,000 permutations for single markers and 
haplotypes simultaneously. For the analysis of the 
LD pattern and haplotype block delineation, we 
used haplotypes estimated by HaploView 4.1. 
Haplotype block definition was performed using 
the |D’| method27 with a threshold of 0.80. LD 
between the –240A/T and –93T/C ACE SNPs was 
determined using the parameters D’ and r2.28

Results
Characteristics of the studied population
Characteristics of major depressive and healthy 
control subjects were compared with regard to 
sex and age. There was no statistically significant 
difference between these two groups with respect 
to sex (p=0.762). Nevertheless, there was a differ-
ence in age between the two groups (p=0.002). 
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In particular, proportions of 30- and 40-year-olds 
were increased in the control group, while pro-
portions of 50- and 60-year-olds were somewhat 
elevated in the patient group.

Association analysis
For the two SNPs studied, their genotype distri-
butions were in HWE in both patients with MDD 
(–240A/T χ2=0.14, df=1, p=0.713 and –93T/C 
χ2=0.96, df=1, p=0.328) and healthy controls 
(–240A/T χ2=3.82, df=1, p=0.051 and –93T/C 
χ2=0.02, df=1, p=0.895).

The genotype distributions and allele frequencies 
for the two groups for each polymorphism are 
shown in table 1. For the –240A/T ACE SNP, 
analysis using the χ2 test showed a significant 
 difference between the patients with MDD and 
healthy controls for genotype distributions (χ2=6.65, 
df=2, p=0.036). The presence of the –240A allele 
of ACE was found to be associated with a 
decreased risk for MDD compared with the –240T 
allele (χ2=4.24, df=1, p=0.040, OR=0.702 [95% 
CI=0.508–0.971]). On the other hand, no signifi-
cant difference was observed between the two 
groups for either genotype distributions (χ2=0.81, 
df=2, p=0.666) or allele frequencies (χ2=0.29, df=1, 
p=0.590, OR=1.103 [95% CI=0.808–1.507]) with 
regard to the –93T/C ACE SNP.

Haplotype analysis
Haplotype analysis of –240A/T and –93T/C ACE 
SNPs is shown in table 2. However, haplotype 

frequency analysis revealed that the –240T/–93T 
combination was significantly over-represented in 
major depressive patients in comparison with 
healthy controls with OR=2.177 with 95% CI=1. 
341–3.533 (13.6% and 6.8%, p=0.002 on χ2 test, 
empirical p=0.004).

LD analysis
The –240A/T and –93T/C ACE SNPs were found 
to locate in different LD blocks (D’=0.438). We 
found that r2 between the two SNPs was very low 
with its value being 0.163. D’ and r2 are both 
measures of LD. While D’ is an important mea-
sure for identification of regions, r2 is the power 
of tests for indirect association between data.

Discussion
Several lines of evidence in experimental, phar-
macological and physiological research suggest 
that the ACE is involved in MDD. The impact of 
–240A/T and –93T/C ACE SNPs on the suscepti-
bility of MDD is of great interest since both SNPs 
have been shown to be associated with different 
plasma ACE levels.21-23 To the best of our knowl-
edge, we are the first to examine the association 
between the –93T/C ACE SNP and MDD, whereas 
the –240A/T ACE SNP has been reported to be 
associated with MDD in German populations.23 
We have carried out the study on the genotype 
distributions and allele frequencies of –240A/T 
and –93T/C ACE polymorphisms in northeastern 
Thais. While a negative result was obtained for 
the –93T/C ACE SNP, we found a significant dif-

Table 1 
Genotype distributions and allele frequencies of the –240A/T and –93T/C ACE SNPs in patients with MDD and healthy controls

Variables MDD patients Healthy controls 
 (n = 187) (n = 207)

–240A/T Genotypes
 AA 95 (50.8%) 122 (58.9%)
 AT 78 (41.7%) 80 (38.6%)
 TT 14 (7.5%) 5 (2.4%)
Alleles
 A 268 (71.7%) 324 (78.3%)
 T 106 (28.3%) 90 (21.7%)
–93T/C Genotypes
 TT 97 (51.9%) 104 (50.2%)
 TC 79 (42.2%) 86 (41.5%)
 CC 11 (5.9%) 17 (8.2%)
Alleles
 T 273 (73.0%) 294 (71.0%)
 C 101 (27.0%) 120 (29.0%)

Key: Data are reported as number of subjects and percentages are in parentheses. For –240A/T, genotypes: χ2 = 6.65,  
df = 2, p = 0.036; alleles: χ2 = 4.24, df = 1, p = 0.040, OR = 0.702 (95% CI = 0.508–0.971). For –93T/C, genotypes:  
χ2 = 0.81, df = 2, p = 0.666; alleles: χ2 = 0.29, df = 1, p = 0.590, OR = 1.103 (95% CI = 0.808–1.507). ACE = angiotensin-
converting enzyme; CI = confidence interval; MDD = major depressive disorder; OR = odds ratio; SNP = single nucleotide 
polymorphism.
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ference in the genotype distributions with regard 
to the –240A/T ACE SNP. The allele frequencies of 
–240A were significantly lower in MDD patients 
than healthy controls. In agreement with the 
 previous investigation in German populations,23 
the presence of the –240T allele was associated 
with an increased risk for MDD. Moreover, our 
haplotype analysis in the present study revealed a 
noteworthy association between the –240T/–93T 
haplotype with MDD.

According to the LD in the gene region for indi-
viduals from Utah of northern-European ancestry 
(CEU) and individuals from the Yoruba popula-
tion of Nigeria (YRI), the –240A/T SNP is located 
in the same LD block as the –93T/C.29 However, 
the two ACE SNPs are not in the same LD block 
in our study. Therefore, ethnic differences might 
be responsible for the discrepancies in LD. The 
incomplete LD in Thai population motivated 
 further investigations of these two markers for 
the association study.

For a case-control study, a methodological approach 
based on haplotype has more advantages than 
single-locus analysis to provide an insight into 
 disease development. In the present study, it is 
evident that the major depressive patients with T-T 
haplotype are more prevalent in comparison with 
the control group. This could be interpreted as 
meaning that carriers of the T-T haplotype are 
more susceptible to MDD. Since the study of the 
transcriptional effect of the ACE T-T haplotype on 
ACE gene expression has not been experimentally 
elucidated to date, it is essential to conduct further 
investigations. These genetic polymorphisms only 
partially explain the difference in susceptibility to 
MDD, and it is noteworthy that genetic variations 
may affect not only the aetiology of MDD, but also 
the efficacy of antidepressant treatment. An earlier 
study clearly demonstrated a potential role of 
altered angiotensin function in the treatment of 
MDD, but the involvement of ACE polymorphisms 
was not addressed.30

It should be emphasised that we successfully 
 carried out the investigation by taking the highest 
level of precaution for genotyping accuracy. This 
concern is of immense importance to prevent mis-
genotyping and misinterpretation. In particular, our 
group has recently discovered certain misgenotyp-
ing results of polymorphism in one of the major 
genes of the dopaminergic system, the dopamine 
receptor D1 gene –48A/G polymorphism.31

Nonetheless, it may be difficult to believe that the 
presence of the –240A allele is associated with a 
decreased risk for MDD in our study since the 
HWE in healthy controls is just marginally away 
from being significant (p=0.051). No explanation 
can be proposed for the poor agreement with 
HWE in the control group. A genotyping error is 
unlikely as the genotyping method was validated 
with samples of known genotypes and double-
checked for certain samples. However, it should 
also be noted that the observed allele frequencies 
for our control group were in agreement with 
previously reported values in Taiwanese con-
trols.26 Regarding another point of concern, the 
observed difference in age between patients with 
MDD and healthy controls in the present study 
may affect the outcome in the association test. For 
instance, certain healthy controls may become ill 
because of MDD in the future. Although propor-
tions of patients in their 50s and 60s were elevated 
in the patient group, we did not know the number 
of patients with MDD with younger age of onset.

As compared to other ethnic groups (table 3), we 
found that allele frequencies of the –240A/T ACE 
SNP in the Thai population were similar to those 
of Taiwanese subjects, but were different from 
those of European descent and others. For the 
–93T/C ACE SNP, we observed that the allele fre-
quencies in the Thai population were also  different 
from other ethnic groups. Significant differences in 
the allele frequencies of the two SNPs were 
detected among those of European descent, Asian 
descent, and others. Therefore, ethnic differences 

Table 2 
Haplotype frequencies for ACE variations in patients with MDD compared with controls

Haplotype  Haplotype Case, Control Case, Control χ2 p value* Empirical  
association frequencies ratio counts frequencies   p value**

A-T 0.619 222.1 : 151.9, 265.7 : 148.3 0.594, 0.642 1.916 0.166 NS
T-C 0.148 55.1 : 318.9, 61.7 : 352.3 0.147, 0.149 0.005 0.946 NS
A-C 0.132 45.9 : 328.1, 58.3 : 355.7 0.123, 0.141 0.559 0.455 NS
T-T 0.101 50.9 : 323.1, 28.3 : 385.7 0.136, 0.068 9.970 0.002 0.004

Key: *χ2; ** After 100, 000 permutations. ACE = angiotensin-converting enzyme; MDD = major depressive disorder;  
NS = Not significant. 
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might be responsible for the discrepancies in asso-
ciation studies in various populations. The poten-
tial connection between ACE gene polymorphisms 
and susceptibility to MDD should be investigated 
in a larger group in order to provide higher statis-
tical power. Given the role of the renin-angiotensin 
system in the aetiology of MDD, we also recom-
mend that future research should explore the 
contribution of other genes in this system.

Conclusions
The present study provides no evidence that the 
–93T/C ACE SNP may contribute to genetic 
 susceptibility to MDD. Although the –240A allele 
is found to be associated with a reduced risk for 
MDD, this may not be completely reliable because 
the genotype distributions of healthy controls are 
only just in marginal agreement with HWE. 
Nevertheless, the important finding is that the T-T 
haplotype in the ACE gene is associated with an 
increased risk for MDD, suggesting a possible 
link between these gene SNPs and the aetiology 
of MDD in our northeastern Thai population.
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