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Abstract
The angiotensin-converting enzyme 2-angiotensin-(1–7)-MAS axis (ACE2-Ang-[1–7]-MAS axis) plays an important role in the control
of blood pressure. Some previous studies indicated that the genetic variants of ACE2 may have a potential to influence this axis.
Therefore, the present study aimed at examining the association of ACE2 polymorphisms with circulating ACE2 and Ang-(1–7) levels
in patients with essential hypertension.
Hypertensive patients who met the inclusion criteria were enrolled in the present study. Three Tag single-nucleotide

polymorphisms (rs2106809, rs4646155, and rs879922) in ACE2 gene were genotyped for all participants. Circulating ACE2 and
Ang-(1–7) levels were detected by enzyme-linked immunosorbent assay.
There were 96 (53.0%) females and 85 (47.0%) males participating in the present study. The circulating Ang-(1–7) levels

were significantly greater in female patients carrying the rs2106809 CC or CT genotype compared with those carrying the TT
genotype (1321.9±837.4 or 1077.5±804.4pg/mL vs 751.9±612.4pg/mL, respectively; P=0.029, analysis of variance), whereas
the circulating Ang-(1–7) levels were comparable among genotypes in male patients. In addition, there was no significant difference in
the circulating ACE2 levels among rs2106809 CC, CT, and TT genotype groups in both female and male patients. The circulating
ACE2 and Ang-(1–7) levels were related to neither rs4646155 nor rs879922 in female or male patients.
In conclusion, the rs2106809 polymorphism of the ACE2 gene may be a determinant of the circulating Ang-(1–7) level in female

patients with hypertension, suggesting a genetic association between circulating Ang-(1–7) levels and ACE2 gene polymorphisms in
patients with hypertension.

Abbreviations: ACE = angiotensin-converting enzyme, ACE2 = angiotensin-converting enzyme 2, Ang I = angiotensin I, Ang II =
angiotensin II, Ang-(1–7) = angiotensin-(1–7), AT1R = Ang II type 1 receptor, DBP = diastolic blood pressure, EH = essential
hypertension, ELISA = enzyme-linked immunosorbent assay, HWE = Hardy–Weinberg equilibrium, PCR = polymerase chain
reaction, RAAS = renin–angiotensin–aldosterone system, SBP = systolic blood pressure, SNPs = single-nucleotide polymorphisms.

Keywords: angiotensin-converting enzyme 2, angiotensin-(1–7), enzyme-linked immunosorbent assay, essential hypertension,
polymerase chain reaction, polymorphisms, renin–angiotensin–aldosterone system, single nucleotide

[1]
1. Introduction of the initiating cause. Endothelial dysfunction is involved in
Essential hypertension (EH) is one of the major risk factors for
cardiovascular disease. The pathophysiology of EH is very
complex and involves many factors. The impaired capacity of
the kidney to excrete sodium in response to elevated blood
pressure increases the vulnerability to hypertension, irrespective
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the development and progression of EH through increasing the
vascular tone.[2] The renin–angiotensin–aldosterone system
(RAAS) plays a crucial role in the pathogenesis and progression
of EH. In the RAAS, angiotensin-converting enzyme (ACE)
converts angiotensin I (Ang I) into angiotensin II (Ang II), which
binds to Ang II type 1 receptor (AT1R) to constrict blood vessels
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and elevate blood pressure.[3,4] The classical RAAS axis, called patient had rested for at least 10minutes in a seated position and

2.4. Measurement of circulating ACE2 and Ang-(1–7) level
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ACE–Ang II–AT1R axis, is composed by ACE, Ang II, and
AT1R.
In recent years, a counter-regulatory axis of the RAAS,

angiotensin-converting enzyme 2-angiotensin-(1–7)-MAS axis
(ACE2-Ang-[1–7]-MAS axis) has been discovered and has been
proven to counterbalance the adverse actions of the classical
RAAS axis. ACE2 cleaves Ang II to generate Ang-(1–7), which is
one of the main effector peptides in ACE2-Ang-(1–7)-MAS axis.
Ang-(1–7) counteracts the effects of Ang II and dilates blood
vessels to lower blood pressure.[5–10] ACE2 regulates the RAAS
and blood pressure through the degradation of Ang II and the
formation of Ang-(1–7).[11]

Some previous studies suggested that genetic variants in the
ACE2 gene might have a potential to affect ACE2 or Ang-(1–7)
level in the human body. In the Leeds Family Study, ACE, ACE2,
and neutral endopeptidase (NEP) activities were measured in
plasma from 534 subjects and it was indicated that up to 67% of
the phenotypic variation in circulating ACE2 could be accounted
for by genetic factors.[12] Some genotype association studies
indicated that single-nucleotide polymorphisms (SNPs) in the
ACE2 gene were related with cardiovascular diseases. A clinical
study of 3408 patients found that ACE2 rs2106809 T allele
conferred a 1.6-fold risk for hypertension in Chinese women.[13]

An Indian study confirmed this finding, and it found that ACE2
rs2106809 polymorphismwas associatedwith EH in both females
and males.[14] Lieb et al reported that ACE2 gene polymorphisms
rs4646156, rs879922, rs4240157, and rs233575 might be
associated with left ventricular mass, septal wall thickness, and
left ventricular hypertrophy in hemizygous men.[15] All the studies
above provided strong evidence that ACE2 gene polymorphisms
might have effects on cardiovascular system.Wehypothesized that
the effects of ACE2 gene polymorphisms on EHwere mediated by
regulating ACE2 and Ang-(1–7) levels. Therefore, the present
study was carried out to investigate whether ACE2 gene
polymorphisms could influence the circulating levels of ACE2-
Ang-(1–7)-MAS axis in Chinese Han patients with EH.

2. Methods

2.1. Study population

In this prospective study, Chinese Han patients who met the
following criteria were included: age 18 to 79 years; a history of
essential hypertension; and diastolic blood pressure (DBP) 90 to
109mm Hg or systolic blood pressure (SBP) 140 to 179mm Hg.
The exclusion criteria were shown as follows: secondary
hypertension, including idiopathic hyperaldosteronism, renal
artery stenosis, and so on; the use of drugs that may influence
RAAS hormone levels, such as direct renin inhibitors (DRIs),
ACE inhibitors (ACEIs), Ang-II receptor blockers (ARBs), or
aldosterone antagonists (AAs); any clinically important abnor-
mal laboratory finding, such as alanine aminotransferase (ALT)
or creatinine that was more than twice the upper limit of normal;
pregnant or lactating females; a history or suspicion of alcohol or
drug abuse; and mental illness. The study complies with the
Declaration of Helsinki. All procedures were reviewed and
approved by the local Institutional Review Board, and written
informed consents were obtained from all the participants.

2.2. Evaluation of clinical and biochemical parameters

Blood pressure and heart rate were measured by trained doctors
or nurses using an electronic sphygmomanometer after the
2

were determined as the mean of 3 measurements taken 1minute
apart. Biochemical parameters were measured using standard
procedures in the hospital clinical laboratory.

2.3. Collection and preservation of blood samples

Blood samples were collected from participants by trained nurses
at 8:00a.m. Then the samples were sent to laboratory for
centrifugation (1500g, 20minutes). Serum, plasma, and blood
cells were separated and stored in a deep freezer (�80°C) for later
use. Avoid freeze/thaw cycles to keep them stable.
Circulating ACE2 and Ang-(1–7) level were measured using
commercial enzyme-linked immunosorbent assay (ELISA) kits
(Cloud-Clone Corp, Houston). The ELISA for measurement of
ACE2 employed the sandwich enzyme immunoassay technique
and the ELISA for measurement of Ang-(1–7) employed the
competitive inhibition enzyme immunoassay. All procedures
were conducted rigorously in accordance with the instructions in
the kits. The optical density values were obtained by a microplate
reader at a wavelength of 450±10nm. The sample concen-
trations were calculated from standard curve created by plotting
the mean absorbance obtained for each reference standard
against its concentration.

2.5. SNP selection and genotyping

Three Tag SNPs (rs2106809, rs4646155, and rs879922) at
various allele frequencies were selected from a subset of SNPs of
ACE2 with a minor allele frequency equal to or greater than 3%
in the HapMap CHB (Han Chinese in Beijing) database by using
the pair-wise option of the Haploview version of the Tagger
program (http://www.broad.mit.edu/mpg/haploview). An r2

value of 0.8 was selected as a threshold for all analyses.[13]

Genomic DNA was extracted from peripheral venous blood
leukocytes using standard procedures. The polymerase chain
reaction (PCR) was used to amplify the gene regions. PCR
primers and single base extensionwere designed by SEQUENOM
MassARRAY Assay Design v4.0 software. The primer
pairs used were as follows: rs2106809; forward primer:
50-ACGTTGGATGGAGAGAACTTTGGAAACCTG-30; reverse
primer: 50-ACGTTGGATGGCTGCTGATGTAGAAGTGTG-30;
rs4646155; forward primer: 50-ACGTTGGATGGGCATGTT-
CTTAACCTTGGC-30; reverse primer: 50-ACGTTGGATGC-
CAATATGACCCTGTAAACC-30; rs879922; forward primer:
50-ACGTTGGATGGGCAGTTTATTGTACATTGTG-30; reverse
primer: 50-ACGTTGGATGGCTCCAGCAAATTCAAGGAC-30.
The amplified PCR product was purified byWizard PCR Preps

DNA Purification Resin (Promega) and then sequenced using
the BIG DYE dideoxy-terminator chemistry (Perkin Elmer) on
an ABI 3100 DNA sequencer.

2.6. Statistical analysis

Males and females were analyzed separately because the ACE2
gene is located on the X chromosome. Continuous data are
presented as mean± standard deviation (SD). Differences
between groups were tested by chi-square test for qualitative
parameters and by 1-way analysis of variance (ANOVA) for
quantitative parameters. Allele frequencies were calculated from
the genotypes of all subjects. The Hardy–Weinberg equilibrium

http://www.broad.mit.edu/mpg/haploview


(HWE) was assessed by chi-square analysis. The association of The ACE2 rs4646155 GA or rs879922 CG genotype was
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circulating ACE2 and Ang-(1–7) levels with SBP and DBP was
analyzed using univariate linear regression model. A 2-tailed P
value of <0.05 was considered statistically significant. All
analyses were performed using SPSS statistical software (Version
13.0; SPSS, Chicago, IL).
3. Results

3.2. Association of circulating ACE2 and Ang-(1–7) levels
A total of 181 patientswere enrolled in the present study, including
96 (53.0%) female patients and 85 (47.0%) male patients. ACE2
genotypes, circulating ACE2, and Ang-(1–7) levels were deter-
mined for all patients. The rs4646155and rs879922were found to
be in complete linkage disequilibrium in both female and male
patients. Table 1 displays the baseline characteristics of females
and males. Tables 2–5 show the ACE2 genotype distribution, and
clinical and biochemical parameters of the patients. Tables 6 and 7
show the comparison of circulating ACE2 and Ang-(1–7) levels
among genotype groups. Table 8 displays the effects of circulating
ACE2 and Ang-(1–7) levels on both SBP and DBP.
3.1. Association of circulating ACE2 and Ang-(1–7) levels

3.3. Association of circulating ACE2 and Ang-(1–7) levels
with ACE2 genotypes in female patients

The CC, CT, and TT genotypes of ACE2 rs2106809 were present
in 27 patients (28.1%), 43 patients (44.8%), and 26 patients
(27.1%), respectively. Allele frequencies were 50.5% for the C
allele and 49.5% for the T allele. The genotype frequencies were
in HWE (x2=1.040, df=1, P=0.308). Baseline characteristics
were comparable among rs2106809 genotypes (Table 2). The
circulating Ang-(1–7) levels were significantly greater in patients
carrying the rs2106809 CC or CT genotype compared with
those carrying the TT genotype (1321.9±837.4 or 1077.5±
804.4pg/mL vs 751.9±612.4pg/mL, respectively; P=0.029,
ANOVA) (Table 6). There was no significant difference in
circulating ACE2 levels among rs2106809 genotype groups
(Table 6).
Table 1

Baseline characteristics of the study population.

Characteristics Female (n=96)

Age (y) 66.6±9.6
BMI (kg/m2) 23.9±3.6
Sodium (mmol/L) 139.4±2.7
Potassium (mmol/L) 3.7±0.4
Chloride (mmol/L) 105.2±3.4
Creatinine (mmol/L) 79.9±62.5
BUN (mmol/L) 5.4±4.4
Glucose (mmol/L) 7.3±3.2
Total cholesterol (mmol/L) 4.4±1.0
LDL cholesterol (mmol/L) 2.5±0.9
HDL cholesterol (mmol/L) 1.1±0.3
Uric acid (mmol/L) 356.0±101.5
ALT (U/L) 29.4±32.0
Heart rate (beats/min) 73.6±12.8
SBP (mm Hg) 144.9±18.9
DBP (mm Hg) 77.3±9.7
ACE2 level (pg/mL) 6574.5±4362.9 7
Ang-(1–7) level (pg/mL) 1058.0±788.8 1

Values are expressed as mean±standard deviation (SD).
ACE2=angiotensin-converting enzyme 2, ALT=alanine aminotransferase, Ang-(1–7)=angiotensin-(1–7),
lipoprotein, LDL= low-density lipoprotein, SBP=systolic blood pressure.
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observed in 9 patients (9.4%), and the rs4646155 GG or
rs879922 CC genotype was observed in 87 patients (90.6%).
Allele frequencies were 4.7% for the rs4646155 A or rs879922 G
allele and 95.3% for the rs4646155 G or rs879922 C allele. The
genotype frequencies were in HWE (x2=0.232, df=1, P=
0.630). Baseline characteristics were comparable among geno-
type groups (Table 3). There was no significant difference in the
circulating ACE2 and Ang-(1–7) levels among rs4646155 or
rs879922 genotype groups (Table 7).
with ACE2 genotypes in male patients

The C and T genotype of ACE2 rs2106809 were present in 41
patients (48.2%) and 44 patients (51.8%), respectively. Baseline
characteristics were comparable among genotype groups (Ta-
ble 4). There was no significant difference in the circulating ACE2
and Ang-(1–7) level between rs2106809 C genotype and T
genotype group (Table 6).
The ACE2 rs4646155 A or rs879922 G genotype was

observed in 2 patients (2.4%) and the rs4646155 G or
rs879922 C genotype was observed in 83 patients (97.6%).
Baseline characteristics were comparable among genotype
groups (Table 5). There was no significant difference in the
circulating ACE2 and Ang-(1–7) levels among rs4646155 or
rs879922 genotype groups (Table 7).
with SBP and DBP

To investigate the impacts of ACE2 and Ang-(1–7) levels on
SBP and DBP, we performed an analysis using univariate
linear regression model. Nevertheless, we could not find
any significant relationship of circulating ACE2 and Ang-(1–7)
levels with SBP and DBP in both female and male patients
(Table 8).
Male (n=85) Total (N=181) P

63.0±10.1 64.9±9.9 0.014
24.4±3.1 24.2±3.4 0.382
138.8±2.4 139.1±2.6 0.088
3.7±0.4 3.7±0.4 0.897
104.4±3.2 104.8±3.3 0.111
94.8±26.4 86.8±49.6 0.045
5.4±1.8 5.4±3.4 0.983
6.3±1.9 6.8±2.7 0.016
4.1±1.0 4.3±1.0 0.041
2.4±0.8 2.4±0.8 0.421
1.0±0.2 1.0±0.3 0.002

430.6±115.0 390.0±113.8 0.000
31.6±23.3 30.4±28.2 0.613
74.6±11.1 74.1±12.0 0.608
139.8±17.7 142.5±18.5 0.067
79.0±11.9 78.1±10.8 0.291
339.6±3208.5 6933.8±3872.6 0.185
311.3±1089.4 1177.0±947.8 0.073

BMI=body mass index, BUN=blood urea nitrogen, DBP=diastolic blood pressure, HDL=high-density
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4. Discussion rs2106809 TT genotype is an independent risk factor for

Table 2

Clinical and biochemical characteristics of female patients by ACE2 rs2106809 genotype.

Characteristics CC (n=27) CT (n=43) TT (n=26) P

Age (y) 66.8±9.3 67.2±9.6 65.4±10.1 0.746
BMI (kg/m2) 23.5±3.7 24.1±3.5 24.2±3.7 0.790
Sodium (mmol/L) 139.0±3.1 139.6±2.9 139.6±1.9 0.661
Potassium (mmol/L) 3.7±0.5 3.6±0.3 3.8±0.5 0.241
Chloride (mmol/L) 104.6±3.9 105.0±3.4 106.2±2.5 0.211
Creatinine (mmol/L) 71.6±23.8 79.5±41.8 89.5±107.1 0.590
BUN (mmol/L) 5.3±1.8 5.0±2.2 6.3±7.8 0.521
Glucose (mmol/L) 7.3±2.9 7.7±3.7 6.6±2.6 0.389
Total cholesterol (mmol/L) 4.5±1.0 4.5±0.9 4.4±1.0 0.959
LDL cholesterol (mmol/L) 2.4±0.8 2.5±0.9 2.5±0.9 0.965
HDL cholesterol (mmol/L) 1.1±0.3 1.1±0.3 1.1±0.2 0.700
Uric acid (mmol/L) 362.6±97.2 354.3±111.2 352.0±91.6 0.931
ALT (U/L) 34.1±25.3 31.4±42.0 20.8±10.9 0.294
Heart rate (beats/min) 76.2±15.2 71.5±10.2 74.4±13.9 0.307
SBP (mm Hg) 145.4±19.3 144.1±18.2 145.7±20.4 0.932
DBP (mm Hg) 78.2±10.2 76.1±8.3 78.4±11.4 0.541

Values are expressed as mean±standard deviation (SD).
ALT=alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, DBP=diastolic blood pressure, HDL=high-density lipoprotein, LDL= low-density lipoprotein, SBP=systolic blood pressure.
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Several previous studies suggested that genetic variants in the
ACE2 gene might have effects on EH and ACE2 or Ang-(1–7)
levels.[13,14] Therefore, the present studywas carried out to address
this issue. As far as we know, it is the first clinical study to
investigate the impacts of ACE2 polymorphisms on circulating
ACE2andAng-(1–7) levels.Whatsmore, the present study founda
significant relationship between ACE2 rs2106809 and circulating
Ang-(1–7) levels, and confirmed our previous speculation.
We found that in female patients, circulatingAng-(1–7) levelswas

significantly higher in ACE2 rs2106809 CC or CT genotype than
TT genotype. In the previous studies, Fan et al[13] found that ACE2
rs2106809 T allele (TT+CT genotype) was a contributor to
hypertension in women, and Patnaik et al[14] found that ACE2
Table 3

Clinical and biochemical characteristics of female patients by
ACE2 rs4646155 or rs879922 genotype.

Characteristics

rs4646155
GA/rs879922
CG (n=9)

rs4646155
GG/rs879922
CC (n=87) P

Age (y) 64.4±9.5 66.8±9.6 0.481
BMI (kg/m2) 23.6±3.3 24.0±3.6 0.763
Sodium (mmol/L) 140.2±1.7 139.4±2.8 0.371
Potassium (mmol/L) 3.6±0.3 3.7±0.5 0.624
Chloride (mmol/L) 105.9±2.3 105.1±3.5 0.549
Creatinine (mmol/L) 64.5±9.3 81.5±65.5 0.441
BUN (mmol/L) 4.3±1.2 5.6±4.6 0.422
Glucose (mmol/L) 5.6±1.5 7.5±3.3 0.108
Total cholesterol (mmol/L) 4.6±0.9 4.4±1.0 0.585
LDL cholesterol (mmol/L) 2.7±0.9 2.5±0.9 0.496
HDL cholesterol (mmol/L) 1.0±0.2 1.1±0.3 0.483
Uric acid (mmol/L) 305.7±71.4 361.8±103.2 0.117
ALT (U/L) 20.0±6.5 30.4±33.5 0.359
Heart rate (beats/min) 72.0±10.4 73.8±13.1 0.692
SBP (mm Hg) 150.4±22.1 144.4±18.7 0.393
DBP (mm Hg) 76.5±10.2 77.3±9.7 0.817

Values are expressed as mean±standard deviation (SD).
ALT=alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, DBP=diastolic
blood pressure, HDL=high-density lipoprotein, LDL= low-density lipoprotein, SBP=systolic blood
pressure.
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hypertension in Indian women. It is apparent that our finding
can account for the previous studies perfectly. ACE2 rs2106809 TT
genotype might be able to lower the circulating Ang-(1–7) levels
through down-regulating ACE2 gene expression or decreasing
ACE2activityorother pathways.Besides,Ang-(1–7) exerts avariety
of beneficial effects on cardiovascular system and plays a protective
role in EH.[5–10] Therefore, ACE2 rs2106809 TT genotype might
increase the susceptibility to EH by lowering Ang-(1–7) level.
In female patients, ACE2 rs2106809 CC or CT genotype

carriers had higher circulating ACE2 levels than TT genotype
carriers, but the difference failed to reach a significant level. This
phenomenon is intriguing. ACE2 converts Ang II into Ang-(1–7),
so it is at least one of the determinants of Ang-(1–7) level.[5–10]

Moreover, rs2106809 is located at ACE2 gene and it might
influence Ang-(1–7) level though regulating ACE2 level. It would
Table 4

Clinical and biochemical characteristics of male patients by ACE2
rs2106809 genotype.

Characteristics C (n=41) T (n=44) P

Age (y) 63.6±9.5 62.4±10.7 0.609
BMI (kg/m2) 24.2±3.2 24.6±3.1 0.581
Sodium (mmol/L) 138.6±2.4 138.9±2.3 0.531
Potassium (mmol/L) 3.7±0.4 3.7±0.3 0.985
Chloride (mmol/L) 104.1±3.4 104.7±2.9 0.398
Creatinine (mmol/L) 95.5±24.7 94.1±28.1 0.816
BUN (mmol/L) 5.7±1.9 5.2±1.6 0.149
Glucose (mmol/L) 6.5±1.8 6.2±2.1 0.487
Total cholesterol (mmol/L) 4.2±1.2 4.1±0.9 0.460
LDL cholesterol (mmol/L) 2.5±0.9 2.3±0.8 0.371
HDL cholesterol (mmol/L) 1.0±0.3 1.0±0.2 0.540
Uric acid (mmol/L) 436.2±93.0 424.8±135.0 0.673
ALT (U/L) 31.4±25.8 31.7±21.1 0.946
Heart rate (beats/min) 74.8±10.3 74.3±11.9 0.821
SBP (mm Hg) 137.6±13.1 141.9±21.1 0.269
DBP (mm Hg) 77.7±11.2 80.2±12.6 0.344

Values are expressed as mean±standard deviation (SD).
ALT=alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, DBP=diastolic
blood pressure, HDL=high-density lipoprotein, LDL= low-density lipoprotein, SBP=systolic blood
pressure.



be more reasonable that there was a significant difference in

ACE2, Ang-(1–7) level can also be affected by many other

Table 7

Circulating ACE2 levels and Ang-(1–7) levels in patients according
to the ACE2 rs4646155 or rs879922 genotype.

Genotype n
ACE2 level
(pg/mL)

Ang-(1–7) level
(pg/mL)

Female 96
rs4646155 GA/rs879922 CG 9 7628.5±3371.2 1277.3±843.5
rs4646155 GG/rs879922 CC 87 6465.5±4454.4 1035.4±784.6
F 0.577 0.765
P 0.449 0.384

Male 85
rs4646155 A/rs879922 G 2 7230.0±406.9 1429.6±1738.1
rs4646155 G/rs879922 C 83 7342.2±3247.0 1308.4±1085.6
F 0.002 0.024
P 0.961 0.878

Data are expressed as mean±standard deviation (SD).
ACE2=angiotensin-converting enzyme 2, Ang-(1–7)=angiotensin-(1–7).

Table 5

Clinical and biochemical characteristics of male patients by ACE2
rs4646155 or rs879922 genotype.

Characteristics

rs4646155
A/rs879922 G

(n=2)

rs4646155
G/rs879922 C

(n=83) P

Age (y) 63.5±2.1 63.0±10.2 0.941
BMI (kg/m2) 23.3±3.3 24.5±3.1 0.619
Sodium (mmol/L) 140.9±0.4 138.7±2.4 0.212
Potassium (mmol/L) 3.9±0.5 3.7±0.4 0.464
Chloride (mmol/L) 102.6±1.0 104.5±3.2 0.417
Creatinine (mmol/L) 87.5±2.1 94.9±26.7 0.696
BUN (mmol/L) 4.6±0.4 5.4±1.8 0.503
Glucose (mmol/L) 5.5±1.8 6.3±2.0 0.558
Total cholesterol (mmol/L) 3.8±0.4 4.1±1.0 0.592
LDL cholesterol (mmol/L) 1.8±0.6 2.4±0.8 0.321
HDL cholesterol (mmol/L) 1.0±0.02 1.0±0.2 0.847
Uric acid (mmol/L) 420.0±31.1 430.9±116.5 0.896
ALT (U/L) 30.5±2.1 31.6±23.6 0.948
Heart rate (beats/min) 80.0±5.7 74.4±11.2 0.484
SBP (mm Hg) 150.5±3.5 139.6±17.8 0.391
DBP (mm Hg) 87.5±23.3 78.8±11.7 0.309

Values are expressed as mean±standard deviation (SD).
ALT=alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, DBP=diastolic
blood pressure, HDL=high-density lipoprotein, LDL= low-density lipoprotein, SBP=systolic blood
pressure.
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circulating ACE2 levels among genotypes. Although the finding
seems unreasonable, some possible reasons could still account for
it. First of all, the relatively small sample size would result in the
failure to reach statistical significance. If the sample size was
enlarged, circulating ACE2 level might have a chance to be
significantly different among genotypes. Secondly, ACE2 is found
not only in human serum, but also in a variety of tissues,
including vascular endothelium, intrarenal vessels, renal tubular
epithelium, and so on.[16] Whats more, the tissue distribution of
ACE2 varies considerably.[16] Thus, we could speculate that
ACE2 levels might differ significantly among genotypes in tissues
like vascular endothelium or renal tubular epithelium, and then
induce the difference in Ang-(1–7) levels among genotypes. Last
but not the least, there is likely to be linkage disequilibrium
between ACE2 rs2106809 and the functional SNPs in the genes
for other enzymes that can alter Ang-(1–7) level. Apart from
Table 6

Circulating ACE2 levels and Ang-(1–7) levels in patients according
to the ACE2 rs2106809 genotype.

Genotype n
ACE2 level
(pg/mL)

Ang-(1–7) level
(pg/mL)

Female 96
CC 27 6352.5±3644.5 1321.9±837.4
CT 43 7418.2±5339.8 1077.5±804.4
TT 26 5409.6±2815.4 751.9±612.4
F 1.795 3.679
P 0.172 0.029

Male 85
C 41 7260.5±2484.1 1273.8±1185.5
T 44 7413.2±3789.2 1346.2±1004.3
F 0.048 0.093
P 0.828 0.762

Data are expressed as mean±standard deviation (SD).
ACE2=angiotensin-converting enzyme 2, Ang-(1–7)=angiotensin-(1–7).
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enzymes. It can be elevated through its formation by prolylcar-
boxypeptidase (PRCP),[17] NEP, prolyl endopeptidase (POP),
thimet oligopeptidase (TOP),[18] and be reduced through its
degeneration by aminopeptidase A.[19] In addition, there might
be some unknown enzymes that could affect Ang-(1–7) levels.
Therefore, it is reasonable to speculate that some functional SNPs
in the genes for these enzymes might be in linkage disequilibrium
with ACE2 rs2106809 and be responsible for the difference in
Ang-(1–7) level among genotypes.
We speculated that ACE2 rs2106809 might have effects on the

ACE2 levels. Although the difference in ACE2 levels among
genotypes did not reach a significant level, the circulating ACE2
levels tend to be greater in CC or CT genotype compared with
that in TT genotype. If the effects did exist, the mechanism should
be speculated. One of the possible mechanisms can be the
microRNA, which could modulate endothelial function via
translational repression and/or posttranscriptional degrada-
tion.[20] As we stated above, endothelial dysfunction is one of
the main contributors to hypertension. In addition, it has been
reported that microRNA might regulate RAAS expression via
binding to the targeted sites of genes in preeclampsia.[21] Thus,
although ACE2 polymorphism rs2106809 is located in intron 1,
a noncoding region of ACE2 gene, it is still possible to be in a
Table 8

Associations of circulating ACE2 and Ang-(1–7) levels with SBP
and DBP according to univariate regression analyses.

SBP (mm Hg) DBP (mm Hg)

Factors

Standardized
regression
coefficients P

Standardized
regression
coefficients P

Total
ACE2 (pg/mL) �0.079 0.292 �0.052 0.485
Ang-(1–7) (pg/mL) �0.061 0.414 0.001 0.992

Male
ACE2 (pg/mL) 0.063 0.565 �0.037 0.738
Ang-(1–7) (pg/mL) 0.015 0.891 0.050 0.648

Female
ACE2 (pg/mL) �0.144 0.160 �0.084 0.416
Ang-(1–7) (pg/mL) �0.118 0.251 �0.096 0.350

Data are expressed as mean±standard deviation (SD).
ACE2=angiotensin-converting enzyme 2, Ang-(1–7)=angiotensin-(1–7).
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microRNA-binding site or microRNA gene, and thereby has a [2] Santulli G, Cipolletta E, Sorriento D, et al. CaMK4 gene deletion induces

Liu et al. Medicine (2016) 95:24 Medicine
potential to regulate gene expression by altering the miRNA–
mRNA interaction.[22]The second plausible mechanism can be
the creation or disruption of a splicing motif, such as enhancer
or silencer, and this may alter the splicing efficiency of ACE2.[23]

All these possible mechanisms should be explored in the future.
In the present study, there was no significant relationship

between circulating ACE2 or Ang-(1–7) levels and blood
pressure, though it was previously reported that Ang-(1–7)
and ACE2 counteracted the actions of Ang II. Nevertheless, our
finding could be reasonable. The RAAS is a complex system and
has at least 2 axes, as we mentioned above, to balance each other.
The alteration of ACE2-Ang-(1–7)-MAS axis may induce the
corresponding change of its counter-regulatory axis to balance
the whole system. The effects of ACE2-Ang-(1–7)-MAS axis on
blood pressure might be nullified by ACE–Ang II–AT1R axis.
There are several limitations that should be mentioned. Firstly,

ACE2 and Ang-(1–7) levels should be assessed not just in human
blood, but also in other tissues, especially in vascular endotheli-
um. Vascular endothelial dysfunction is proven to be involved in
the pathophysiology of EH and regulated by genetic factor.[2]

Thus, it will be better to assess ACE2 and Ang-(1–7) levels in
tissues like vascular endothelium. Secondly, the possible mecha-
nisms of actions, such as microRNA and creation or disruption of
a splicing motif, should be explored further. Thirdly, the present
study did not assess the circulating ACE2 activity while it might
differ among ACE2 genotypes. Fourthly, more SNPs should be
selected and genotyped to search for some potential SNPs in the
genes for other enzymes that can alter Ang-(1–7) level and find
out whether these SNPs are in linkage disequilibrium with ACE2
rs2106809. Finally, we did not evaluate the level of ACE–Ang II–
AT1R axis simultaneously and could not know whether it was
the ACE–Ang II–AT1R axis that nullified the effects of ACE2-
Ang-(1–7)-MAS axis on blood pressure.
In conclusion, ACE2 polymorphism rs2106809 may be a

determinant of the circulating Ang-(1–7) level in female patients
with hypertension, suggesting a genetic association between
circulating Ang-(1–7) levels and ACE2 gene polymorphisms in
patients with hypertension. It will help us gain a better
understanding of the relationship between hereditary factors
and EH.
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