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Abstract
Angiotensin-converting enzyme2 (ACE2)plays an important role in thedevelopment of essential hypertension (EH). The aimof this study
was to investigate the relationship of ACE2 gene polymorphisms and enzymatic activity with EH in the northeastern Chinese Han
population. 34 single-nucleotide polymorphism (SNP) loci of ACE2 were detected in 1024 EH patients and 956 normotensive (NT)
controls by Sequenom Mass-ARRAY RS1000. Five SNPs (rs1514283, rs4646155, rs4646176, rs2285666, and rs879922) in ACE2
geneweredetermined tosignificantly associatewithEH in femaleparticipants,while noSNP locuswas linked tomalegroup.Specifically,
it was the first time to report that rs4646155was significantly associatedwith EH in females. Furthermore, the correlation betweenACE2
activity and clinical parameterswere performedbyPearson correlation analysis in EHpatients.We found that the ACE2activity level was
negatively correlatedwith bodymass index (BMI), DBP, and pulse pressure, and significantly positively with ACE2 concentration, blood
glucose and estrogen level in female EH patients. These results demonstrated that the genetic variants of ACE2 played vital roles in the
development of EH. And the serum ACE2 activity can predict the development of cardiac dysfunction in EH patients.

Abbreviations: ACE2 = angiotensin-converting enzyme 2, BMI = body mass index, CI = confidence interval, DBP = diastolic
blood pressure, EH = essential hypertension, eQTL = expression quantitative trait locus, FDR = false discovery rate, LD = linkage
disequilibrium, LFT = lowest frequency threshold, OR = odds ratio, PTV = protein truncating variant, RAS = renin–angiotensin
system, SBP = systolic blood pressure, SNPs = single nucleotide polymorphisms.
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1. Introduction

Essential hypertension (EH) is a major risk factor for myocardial
infarction, stroke and renal failure.[1] The prevalence of EH is
increasing rapidly and it is estimated that the morbidity of EH
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will reach 29% of the global population by 2025. As a major
threat to human health worldwide, the incidence of EH in China
has been an upward trend in the past several years. EH is a
polygenetic and complex disease, caused by the interactions of
genetic and environmental factors. Around 30%of the individual
variability is considered to be genetically determined. A lot of
studies have been performed to investigate the genetic variation in
genes of renin–angiotensin system (RAS), especially the angio-
tensin-converting enzyme 2 (ACE2).
The RAS plays a vital role in the occurrence and development

of EH. ACE2 is a key regulator in the RAS, which could convert
Ang I to Ang 1 to 9 and degrade Ang II to the Ang 1 to 7.[3] ACE2
locates on the X chromosome in human genome. It encodes a
protein of 805 amino acids, including 18 exons. In humans,
ACE2 mainly expresses in the cardiovascular, renal and
gastrointestinal tissues.[4] Moreover, ACE2 also has been found
in the brain, lung and testis.[5] It has been mapped to a defined
quantitative trait locus (QTL) on the X chromosome in human.[1]

The single nucleotide polymorphisms (SNPs) of ACE2 play an
important role in cardiovascular diseases. Up to now, several
studies focused on the association of ACE2 SNPs with EH.[6–10]

But some of these results were inconsistent or even contradictory.
For example, Fan et al reported that the TT genotype frequency
of rs2106809 was significantly higher in female hypertensive
patients than age- and gender-matched normotensive subjects.[6]

Nevertheless, other results showed the rs2106809 was no
significant deviation in either hypertensive or normotensive
women in Chinese Han population.[11,12] The possible reasons
may be attributed to that the observed population have different
ethnicity and race, and come from regions with different natural
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environment. Therefore, to more precisely elucidate the role of
ACE2 SNPs in EH, further research is necessary to determine a
wider range of ACE2 polymorphic loci associated with EH in
population who come from different regions and ethnic groups.
In addition, few studies reported the serum ACE2 activity level
between EH patients and healthy individuals, and the relation
between the serum ACE2 activity and EH also need to be
uncovered. In this study, the association between ACE2 polymor-
phism and EH was investigated in a large number of Han
population of the northeast Chinese. The serumACE2activitywas
also determined to analyze its relation with clinical baseline
characteristics and biochemical parameters in EH patients.
2. Methods

2.1. Study population

The studied cohort included 1024 (male, 510; female, 514) EH
patients and 956 (male, 296; female, 660) NT controls. A case-
control studywas performed, in which all of the participants were
Han Chinese from the Lan Xi of Heilongjiang Province in China.
The EH patients were recruited from 2012 to 2015, in accordance
with the Guidelines for Prevention and Treatment of Hyperten-
sion in China, and needed to meet the following criteria:
(1)
(2)
all subjects had no consanguinity at enrolment;
aged < 60;
(3)
 systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic

blood pressure (DBP) ≥ 100 mmHg;
absence of secondary causes of hypertension based on
(4)

extensive biochemical and clinical examinations; and
absence of pharmacological treatment for hypertension.
(5)
The NT subjects were screened from a physical examination
and matched for age and ethnicity with the EH patients from the
same area. The inclusion criteria for the NT subjects were as
follows: age ≥ 40 and mean SBP<120 mmHg and mean DBP<
80 mmHg. The study was approved by the Ethics Committee of
Qiqihar Medical University, China. Written informed consent
was obtained from each participant or their legal guardian. Blood
pressure was measured 3 times using a mercury sphygmoma-
nometer with patient in a seated position by a standard
auscultatory method. The average measured value of blood
pressure including systolic and diastolic pressure levels was used
for quantitative analyses. Body mass index (BMI) was calculated
as follows: BMI=Weight (kg)/[Height (m)�Height (m)].

2.2. DNA extraction

Four millilitres of peripheral blood was collected in an EDTA
tube from each subject for DNA extraction. Then genomic DNA
was extracted from leukocytes using CWBIO blood genomic
DNA mini kit (CWBIO, Beijing China). Finally, the DNA
specimens were stored at �20 °C.

2.3. SNP selection and genotyping assay

The SNPs were selected based on the SNP genotype information
from the GenBank database. Equidistant SNPs in the ACE2 gene
regions were identified as common SNPs in our study. These
SNPs were chosen based on a minor allele frequency (MAF) of at
least 1%. Multiplexed SNP Mass EXTEND assay was designed
using the Sequenom Mass ARRAY Assay Design 4.0 software
(Agena Bioscience, San Diego, CA).[13] SNP genotyping was
performed using the Sequenom Mass ARRAY RS1000 platform
2

following the manufacturer’s protocols. The corresponding
primers included in this project are listed in Supplementary
table S1, http://links.lww.com/MD/C568. Sequenom Typer 4.0
software was used for data analyses.[13]
2.4. Plasma ACE2 measurement

The plasma ACE2 concentration was determined by Human
Angiotensin Converting Enzyme 2 (ACE2) Enzyme Immunoas-
say Kit (MLBIO, Shanghai China) according to the manufac-
turer’s instructions. ACE2 enzymatic activity was determined by
a spectrophotometric mono-reagent assay. The serum (50mL)
and the substrate solution (50mL) were reacted at 37°C for 60
minutes in ACE2 activity enzyme-linked immunosorbent assay
(ELISA) specific plate reader (MLBIO, Shanghai China) and the
optical density value was monitored at 450nm. The serum ACE2
activity was expressed as unit/L.
2.5. Statistical analysis

All of the database management and statistical calculations were
performed with SPSS v.20.0 software (PASW Statistics, SPSS Inc.,
Chicago, IL). Continuous variables were shown as mean±SD.
Anthropometric indices and genotype/allele frequencies were
compared between the EH and NT subjects using chi-squared
(x2) tests. Hardy–Weinberg equilibrium was tested by Fisher’s
exact test (P> .05) using gene frequencies of the healthy
individuals. For each odds ratio (OR), we calculated the 2-tailed
probability value and 95% confidence interval (CI). A 2-tailed
P< .05 was accepted as statistically significant. Haplotype
distribution was analysed using the SHEsis software (http://
analysis.bio-x.cn/SHEsisMain.htm).[14,15] Pearson correlation
analysis was used to calculate the correlation between ACE2
concentration and enzymatic activity and the clinic data in all
subjects.
3. Results

3.1. Baseline characteristics

The clinical characteristics in formation of the EH patients and
NT controls are presented in Table 1. The significantly higher
levels of SBP, DBP, pulse pressure, and total cholesterol were
found in EH patients, as compared to controls in both male and
female groups (all P< .001). As for BMI and triglycerides levels,
the significant deviations between the 2 groups were determined
only in females. Hardy–Weinberg equilibrium for ACE2 gene
was tested only in control group, and was consistent with the
expected result.

3.2. ACE2 gene polymorphisms

The genotype and allele frequencies at SNP loci rs1514283,
rs4646155, rs4646176, and rs879922 in ACE2 are shown in
Table 2. At the rs1514283 locus, the frequencies of the CC
genotype and C allele were significantly higher in the EH patients
than in the NT controls (CC: 2.2% vs 0.7%, P< .05, OR=4.209,
95% CI 1.633–10.851; C: 3.7% vs 2.2%, P= .01). A significant
association was found between the rs1514283 variant and EH
risk under the dominant genetic model (TT vs CC+CT: OR=
1.724, 95% CI 1.087–2.733, P= .02). For rs879922, there were
also significant differences in the frequencies of the CC genotype
and the C allele between EH patients and the NT controls (CC:
2.5% vs 0.6%, P< .01, OR=4.707, 95% CI 1.854–11.951; C:
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Table 1

Clinical characteristics of the study population (mean±SD).

Males Females
Factors EH NT EH NT

Age (year) 56.67±10.23 54.84±11.99 56.67±10.23 50.00±8.57
BMI (kg/m2) 26.54±12.79 24.12±3.57 26.54±12.79 23.77±3.34

∗

SBP (mmHg) 148.68±18.76 111.49±11.88
∗

148.68±18.76 118.84±11.89
∗

DBP (mmHg) 91.61±10.00 74.19±7.75
∗

91.61±10.00 76.19±7.16
∗

PP (mmHg) 57.07±16.16 37.29±7.68
∗

57.07±16.16 42.63±9.79
∗

TC (mmol/L) 5.88±4.20 4.71±0.77
∗

5.88±4.20 4.77±1.05
∗

HDL (mmol/L) 1.51±0.66 1.30±0.49 1.51±0.66 1.54±0.71
TG (mmol/L) 1.88±1.25 1.25±0.72 1.88±1.25 1.40±0.89

∗

GLU (mmol/L) 4.91±1.18 5.01±0.66 4.91±1.18 4.46±0.86
ACE2 conc (ng/ml) 2.34±0.52 — 2.13±0.52 —

ACE2 activity (U/L) 6.89±1.65 — 6.53±1.98 —

Continuous variables are expressed in Mean±Standard Deviation.
ACE2 conc=ACE2 concentration, BMI=body mass index, DBP=diastolic blood pressure, GLU=blood glucose, HDL=High Density Lipoprotein, NT=normotensive, PP=pulse pressure, SBP= systolic blood
pressure, TC= total cholesterol, TG= triglycerides.
∗
P< .001.

Zhang et al. Medicine (2018) 97:42 www.md-journal.com
4.4% vs 2.7%, P= .01). The dominant (GG vs CC+GC)
distribution of C allele of rs879922 revealed a significant
association (OR=1.520, 95% CI 1.002–2.307, P= .05) with EH
risk. At the rs4646155 locus, the frequencies of the TT genotype
and the T allele were significantly higher in the EH patients than
the NT controls (TT: 1.9% vs 0.7%, P= .01, OR=3.492, 95%
Table 2

Distribution of genotypes and alleles for each of the ACE2 gene poly

SNP Genotype EH (n=1024) NT (n=956)

rs1514283 TT 968 (94.7) 920 (96.2)
CT 32 (3.1) 30 (3.1)
CC 22 (2.2) 6 (0.7)
T 1,968 (96.3) 1,870 (97.8)
C 76 (3.7) 42 (2.2)
TT 968 (94.7) 920 (96.2)

CT+CC 54 (5.3) 36 (3.8)
CC 22 (2.2) 6 (0.6)

CT+TT 1,000 (97.8) 950 (99.4)
rs4646155 CC 970 (95.0) 920 (96.2)

CT 32 (3.1) 30 (3.1)
TT 19 (1.9) 6 (0.7)
C 1,972 (96.6) 1,870 (97.8)
T 70 (3.4) 42 (2.2)
CC 970 (95.0) 920 (96.2)

TC+TT 51 (5.0) 36 (3.8)
TT 19 (1.9) 6 (0.6)

TC+CC 1,002 (98.1) 950 (99.4)
rs4646176 CC 968 (94.7) 916 (96.2)

CG 33 (3.2) 30 (3.2)
GG 21 (2.1) 6 (0.6)
C 1,969 (96.3) 1,862 (97.8)
G 75 (3.7) 42 (2.2)
CC 968 (94.7) 916 (96.2)

CG+GG 54 (5.3) 36 (3.8)
GG 21 (2.1) 6 (0.6)

CG+CC 1,001 (97.9) 946 (99.4)
rs879922 GG 957 (2.8) 908 (95.2)

CG 39 (3.8) 40 (4.2)
CC 25 (2.5) 6 (0.6)
G 1,953 (95.6) 1,856 (97.3)
C 89 (4.4) 52 (2.7)
GG 957 (93.7) 908 (95.2)

CG+CC 64 (6.3) 46 (4.8)
CC 25 (2.4) 6 (.6)

CG+GG 996 (97.6) 948 (99.4)

x2=chi-squared, CI= confidence interval, FDR= false discovery rate, OR= odds ratio.
Genotype data are expressed as number (%) and allele data as number. P was calculated by the x2 test with
∗
Adjusted for age and sex.
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CI 1.324–9.212; T: 3.4% vs 2.2%, P= .02). A logistic regression
analysis shown that the dominant effect (CC vs TT+TC) was
associated with EH risk (OR=1.573 95% CI 0.985–2.511), but
it did not reach statistical significance (P= .06). At the rs4646176
locus, the rates of the GG genotype and the G allele were
significantly higher in the EH patients than in the NT participants
morphisms in all subjects.

x2 P
∗

OR (95%CI)
∗

FDR

Ref.
0.480 .49 1.213 (.702–2.096) .653
8.849 <.05 4.209 (1.633–10.851) .100

7.903 .01 —

Ref.
5.361 .02 1.724 (1.087–2.733) .032

Ref.
51.581 <.0001 0.487 (.401–.593) .0008

Ref.
0.346 .56 1.179 (0.681–2.039) .640
6.384 .01 3.492 (1.324–9.212) .008

5.440 .02 —

Ref.
3.601 .06 1.573 (0.985–2.511) .06

Ref.
6.341 .01 0.288 (0.109–0.759) .04

Ref.
0.545 .46 1.227 (0.713–2.112) .736
7.824 .01 3.902 (1.503–10.128) .027

7.341 .01 —

Ref.
4.903 .03 1.684 (1.062–2.671) .04

Ref.
7.761 .01 0.258 (0.099–0.669) .027

Ref.
0.019 .89 1.035 (0.635–1.687) .890
10.618 <.01 4.707 (1.854–11.951) .004

7.642 .01 —

Ref.
3.870 .05 1.520 (1.002–2.307) .057

Ref.
10.605 <.01 0.213 (0.084–0.540) .020

a 3�2 contingency table for genotype distribution and a 2�2 contingency table for allele distribution.
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Figure 1. Schematic representation of ACE2 gene structure. Introns are shown as horizontal black line, exons are shown as blue boxes and white boxes represent
the 50 and 30-UTRs.
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(GG: 2.1% vs 0.6%, P< .01, OR=3.902, 95% CI 1.503–
10.128; G: 3.7% vs 2.2%, P= .01). The association between
rs4646176 and the risk of EH was investigated under both the
dominant and recessive genetic model. The dominant (CC vs GG
+GC) genetic model of G allele showed a significantly association
with EH risk (OR=1.684, 95% CI 1.062–2.671, P= .03) in the
Chinese Han population.
At the same time, the gene polymorphisms of ACE2 were

analysed according to different groups of male and female in all
the participants. None of the SNPs was significantly associated
with EH in the male group. In the female group, the statistical
results demonstrated that the genotype and allele distributions
frequencies of 5 SNP loci (rs1514283, rs2285666, rs4646155,
rs4646176, and rs879922) located in the introns of the ACE2
gene were significantly different between the EH and NT groups
(Fig. 1). The distribution frequencies of genotype and allele for
ACE2 SNPs in the female group are shown in Table 3. At the
Table 3

Distribution of genotypes and alleles for each of the ACE2 gene poly

SNP Genotype EH (n=512) NT (n=660)

rs1514283 TT 484 (94.3) 628 (95.2)
CT 19 (3.7) 30 (4.5)
CC 10 (2.0) 2 (0.3)
T 987 (96.2) 1,286 (97.4)
C 39 (3.8) 34 (2.6)

rs2285666 TT 206 (40.6) 214 (32.6)
TC 163 (32.0) 294 (44.8)
CC 139 (27.4) 148 (22.6)
T 574 (56.6) 722 (55.0)
C 440 (43.3) 590 (45.0)

rs4646155 CC 485 (94.7) 628 (95.2)
CT 19 (3.7) 30 (4.5)
TT 8 (1.6) 2 (0.3)
C 989 (96.6) 1,286 (97.4)
T 35 (3.4) 34 (2.6)

rs4646176 CC 484 (94.3) 626 (95.1)
CG 20 (3.9) 30 (4.6)
GG 9 (1.8) 2 (0.3)
C 988 (96.3) 1,282 (97.4)
G 38 (3.7) 34 (2.6)

rs879922 GG 477 (93.2) 616 (93.6)
CG 23 (4.5) 40 (6.1)
CC 12 (2.3) 2 (0.3)
G 977 (95.4) 1,272 (96.7)
C 47 (4.6) 44 (3.3)

x2= chi-squared, CI=confidence interval, FDR= false discovery rate, OR= odds ratio.
Genotype data are expressed as number (%) and allele data as number. P was calculated by the x2 test with
∗
Adjusted for age.
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rs1514283 locus, the frequency of the CC genotype was
significantly higher in the EH patients than in the NT subjects
(CC: 2% vs 0.3%, P= .02, OR=6.501, 95% CI 1.375–30.740).
And at the rs879922 locus, there was also a significant difference
between the EH patients and the NT controls regarding to the CC
genotype (CC: 2.3% vs 0.3%, P= .01, OR=7.442, 95% CI
1.609–34.426). These findings indicated that CC genotype of
rs1514283 and rs879922 were high-risk factors for the
progression of EH in females. Interestingly, a frequency of
heterozygous genotype TC was significantly higher in NT group
as compared with EH group for the rs2285666 locus (TC: 32.0%
vs 44.8%, P< .001, OR=0.572, 95%CI 0.428–0.765). The data
implicated that the TC genotype of rs2285666 carriers had a
reduced risk of EH, and it was a potential genetic resistance factor
in the development of EH in Chinese female Han population. As
for the rs4646176, the frequencies of the GG genotype in the EH
patients were significantly higher than that in the NT controls
morphisms in females.

x2 P
∗

OR (95%CI)
∗

FDR

Ref.
0.113 .74 0.898 (0.481–1.678) .923
5.578 .02 6.501 (1.375–30.740) .067

2.875 — — —

Ref.
14.172 <.001 0.572 (0.428–0.765) .010
0.057 .81 0.961 (0.695–1.330) .810

0.568 — — —

Ref.
0.229 0.63 0.858 (0.457–1.609) .900
3.680 0.06 4.793 (0.967–23.765) .120

1.432 — —

Ref.
0.085 .77 0.912 (0.491–1.692) .856
4.616 .03 5.615 (1.163–27.101) .075

2.427 — —

Ref.
1.152 .28 0.734 (0.417–1.292) .467
6.596 .01 7.442 (1.609–34.426) .050

2.394 — —

a 3�2 contingency table for genotype distribution and a 2�2 contingency table for allele distribution.



Table 4

The result of Pearson correlation analysis between ACE2 level and clinical characters.

Male Female

Factors r p FDR R p FDR

ACE2 conc (ng/ml) 0.997 <.001 .024 0.966 <.001 .006
Age (years) �0.155 .17 .371 0.452 .12 .288
BMI (kg/m2) �0.363 <.001 .012 �0.003 <.001 .005
SBP (mm Hg) 0.116 .29 .497 0.499 .98 1.069
DBP (mm Hg) �0.023 .83 1.048 �0.485 <.001 .004
SBP-DBP (mm Hg) 0.144 .19 .380 �0.100 <.001 .003
TC (mmol/L) 0.020 .85 1.020 �0.176 .49 .653
HDL (mmol/L) �0.118 .29 .464 0.100 .22 .406
TR (mmol/L) �0.093 .40 .565 0.018 .90 1.028
GLU (mmol/L) �0.108 .33 .495 0.537 <.001 .003
E2 (ng/ml) — — — 0.352 .01 .027
T (ng/ml) 0.408 <.001 .008 — — —

FDR= false discovery rate, P=P value, r=Pearson’s Correlation coefficient.
ACE2 conc=ACE2 concentration, BMI=body mass index, DBP=diastolic blood pressure, E2= oestrogen, GLU=blood glucose, HDL=High Density Lipoprotein, SBP= systolic blood pressure, T= testosterone,
TC= total cholesterol, TG= triglycerides.
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(GG: 1.8% vs 0.3%, P= .03, OR=5.615, 95% CI 1.163–
27.101). The GG genotype of rs4646176was a risk factor for EH
in women. Moreover, the TT genotype frequencies of rs4646155
in the EH groupwere also higher than in theNT group (TT: 1.6%
vs 0.3%, OR=4.793, 95% CI 0.967–23.765), and no significant
difference was observed between the locus and EH (P= .06). This
was a limitation of our study, which the sample size was still
relatively small and not provide sufficient information to
precisely estimate the association between rs4646155 and EH
in the Chinese female Han population.

3.3. Linkage disequilibrium (LD) and haplotype analysis

LD analysis showed that the 4 ACE2 gene polymorphism loci
(rs1514283, rs4646155, rs4646176 and rs879922) were in
strong LD. rs1514283 and rs4646155: D’=0.992, r2=0.924;
rs1514283 and rs4646176: D’=0.992, r2=0.977; rs1514283
and rs879922: D’=1.000, r2=0.812; rs4646155 and
rs4646176: D’=1.000, r2=0.932; rs4646155 and rs879922:
D’=1.000, r2=0.86; rs4646176 and rs879922: D’=1.00, r2=
0.819. Unfortunately, the SHEsis haplotype analysis demon-
strated that no haplotype associated with EH was found in the 5
ACE2 SNPs in this cohort.
3.4. ACE2 concentration and enzymatic activity assay

In order to further elucidate the relationship between ACE2
activity level and EH, we examined the concentration and activity
of ACE2 for all subjects. The Pearson correlation analysis
between ACE2 activity and clinical characters results are shown
in Table 4. A strong positive correlation was found between
ACE2 activity and concentration level in both male and female
EH patients (males: r=0.997, P< .001, females: r=0.966,
P< .001). Meanwhile, serum ACE2 activity had a negative
correlation with BMI in the male and female groups (male: r=�
0.363, P< .001, female: r=�0.003, P< .001). Interestingly, in
female EH patients, ACE2 activity level were significant
negatively correlated with DBP and pulse pressure (DBP: r=�
0.485, P< .001; PP: r=�0.100, P< .001), and positively
correlated with blood glucose (GLU: r=0.537, P< .001). By
contrast, no statistical correlations of these clinical parameters
with ACE2 activity were found in male group, which further
5

documented the specificity of our assay for ACE2. However,
ACE2 activity levels were extremely low or even undetectable in
the plasma from normotensive subjects (data not shown). Some
previous reports also showed that the ACE2 activity levels were
very low in normal healthy persons, and increased in patients
with cardiovascular disease.[16,17]
4. Discussion

At present, EH is 1 of the most common cardiovascular diseases,
and it is also a major public health problem around the world. At
least 970 million people worldwide are suffering from elevated
blood pressure (hypertension), and about 66% of them live in
developing countries. EH is a complex disease, which is
considered to the result of the genetic and environmental
interaction. The RAS plays a vital role in the occurrence and
development of EH. As an important member of the RAS, ACE2
is a dipeptidyl carboxydipeptidase, which counterbalances the
action of angiotensin-converting enzyme. The over-expression of
ACE2 may decrease RAS activation. The significant associations
between ACE2 gene polymorphisms and EH have been reported
for people of different race and ethnicity.[6,18–20]

In the present study, we found that the 4 SNPs of ACE2
(rs1514283, rs4646155, rs4646176, and rs879922) were
associated with EH in northeastern Han populations of China.
As a tag SNP in the CHB (Han Chinese in Beijing) SNP database
for HapMap project, rs4646155 can capture the information of 4
ACE2 SNPs (rs4646140, rs4646144, rs4646155, and
rs61433707) with minor allele frequencies equal to or greater
than 3% in the HapMap CHB database. Up to now, only a few
studies focused on the correlation between rs4646155 and
hypertension, but these results showed that no significant
difference in the rs4646155genotypes/alleles frequencies between
hypertensive patients and normotensive health volunteers.[6,17] In
this study, it was the first time to report that the TT genotype of
rs4646155 was a significant association with EH (OR=3.492),
especially in females (OR=4.793). Prolonged exposure to low
temperature may be the main cause of this inconsistency. Low
temperature was a well-known risk factor for high blood
pressure.[21] Under the condition of low temperature, the body
maintains normal body temperature by sympathetic activity and
vasoconstriction, which prevents heat loss and increases blood
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Figure 2. The genotype of rs879922 was correlated with expression of ACE2
in the tibial nerve on GTEx Portal.
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pressure. The cold pressor test (CPT), which is a standard test
for characterization of sympathetic function, also make certain
that the blood pressure variations in the response to cold
stimulation.[23,24] And CPT has been documented to predict the
subsequent risk of hypertension in normotensive persons.[25] In
this study, all the participants came from the northeastern Han
Chinese within 3 generations reside in Lan Xi (46° 200000N, 126°
160000 E) of Heilongjiang Province. The annual average
temperature in this area is about 5 °C and the mean temperature
is below 0 °C about 6 months of 1 year. The subjects of previous
studies were resident inHenan[6] (the annual average temperature
14.3 °C) and Guangdong province[17] (the annual average
temperature 21.8 °C). The prevalence of hypertension was
consistently higher in northern than in southern residents
(32.4% in Heilongjiang, 26.1% in Henan, 15.8% in Guang-
dong).[26] Therefore, the cold environmental and genetic factors
may be the risk factors associated with EH for the population of
the cold region. We will further confirm the relationship between
the ACE2 SNP locus and ACE2 protein activity in subsequent
experiments.
In addition, we observed that the TC genotype of rs2285666

conferred a protective effect on EH in female group of all
participants. Rs2285666 was 1 of the most frequently investi-
gated loci in the studies of ACE2 gene polymorphism. Thus far,
some prior studies have reported the relation between rs2285666
and blood pressure change, but these results were inconsis-
tent.[11,18–20] Two studies reported that the T allele of rs2285666
were significant associations with hypertension or SBP or DBP in
female groups of Chinese population.[18,19] And Zhong et al
found that the C allele of the SNP associated with higher blood
pressure.[20] However, another orthostatic blood pressure study
including 3630 Chinese Han subjects indicated that the
hypertension had no association with the rs2285666 locus.[11]

In 2 meta-analyses, the results of rs2285666 polymorphism were
also conflicting. One study combined 2528 hypertension patients
and 2024 normotensive controls from Chinese Han population
and reported no association between the locus polymorphism
and hypertension.[27] The other study, which included 7251
hypertension patients comprising of Chinese Han, Chinese
Dongxiang, Anglo-Celtic population, showed that the TT
genotype of rs2285666 was a significant association with
hypertension in Chinese Dongxiang and Anglo-Celtic females.[28]

In the present study, we observed that the TC heterozygous
genotype of rs2285666 was a protective factor for EH in females
of Chinese Han subjects. The heterogeneity of the association
between rs2285666 gene polymorphism and hypertension may
be caused by the following reasons. First, several reports have
shown that hormonal and sex chromosomes contributed to the
blood pressure variations between the sexes.[29,30] Second, there
was a much great difference in the frequency of distribution of
ACE2 variants among different racial and ethnic lines.[19,28] For
instance, the T allele frequencies of rs2285666 were 40.1% in
Chinese Han, 32.4% in Chinese Dongxiang, 22.0% in Anglo
Celtic.[19,31] At last, it is possible that the rs2285666 has
characteristic of QTL for hypertension. A quantitative trait locus
(QTL) is a region of DNA which is associated with a particular
phenotypic trait, which varies in degree and which can be
attributed to polygenic effects, that is, the product of 2 or more
genes, and their environment.[26] Phenotypic variation for
quantitative traits is the result of the segregation of alleles at
quantitative trait loci (QTL). Environmental factors and other
external influences can also play a role in phenotypic
variation.[26] The previous study has reported that ACE2 gene
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maps to a QTL on the X chromosome in 3 different rat models of
hypertension.[1]

Furthermore, we found that rs2285666 was a protein
truncating variant (PTV) locus through checking GTEx database,
which the type was splice disruption model. PTVs are genetic
variants predicted to shorten the coding sequence of genes,[32]

also commonly referred to as loss-of-function variants as they
often result in a non-functional or unstable gene product.[33]

PTVs are generally the strongest acting genetic variants in
medical genetics and, as 1 functional copy of the gene is removed,
may often provide insight into what is achievable pharmacologi-
cally via inhibition of the product of the gene.[32] Thus, the
homozygous variants of rs2285666 may result in the product
inhibition for ACE2 gene.
The National Center for Biotechnology Information (NCBI)

Genotype-Tissue Expression (GTEx) database aims to evaluate
the relationship between genetic variation and gene expression in
normal human tissues to understand how this relationship
contributes to disease susceptibility and development.[34,35]

Expression quantitative trait locus (eQTL) browser in the GTEx
database is a central resource that archives and displays results of
a national research project for determining association between
genetic variations and high-throughput molecular-level expres-
sion phenotypes, and this information can provide insight into
the biological relevance of data from genome-wide association
studies.[35] To characterize the functional relevance of the 5 SNP
loci found in this study, we utilized this database resource to
evaluate the relationship of these variants with the expression
levels of ACE2 in human different tissues. The GTEx database
indicated that the rs879922 polymorphism was a significant
eQTL for ACE2. A significant association was observed between
the expression level of ACE2 and different genotypes of rs879922
in 361 normal tibial nerve (P=7.4�10�5), whereas the relative
expression of ACE2 was significantly lower in subjects with the
CC genotype of rs879922 compared with those carrying the GG/
CG genotype (Fig. 2).
The LD analysis showed that rs1514283, rs4646155,

rs4646176, and rs879922 were in strong LD. And in haplotype
analysis, 3 haplotypes were found in these 4 SNPs. But all the 3
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haplotypes were not significantly different between EH patients
and controls (all P> .05) (LFT=0.01, data not shown). Only
when lowest frequency threshold (LFT) was set at 0.001, the
frequency of the T-C-C-G haplotype was significantly higher in
controls than in EH patients (OR 0.733, 95% CI 0.544–0.988,
P= .04). Yet haplotype with frequency less than LFT will not be
considered in analysis. Therefore, it is necessary to further
confirm the correlation between the haplotype and EH in large
sample size. To sum up, only when more ACE2 SNP locus
associated with EH were revealed, we can fully understand the
role of ACE2 in EH. The rich SNPs information can predict
the risk of hypertension, and provide a theoretical basis for the
prevention and treatment of hypertension. And abundant gene
polymorphism information can also lay a solid foundation for
personalized medicine. Personalized medicine is becoming a
medical reality, as important phenotype-genotype relationships
are uncovered. In addition, the discovery of a large number of
SNP loci associated with hypertension could provide new targets
for the research of anti-hypertensive drugs and the possibility of
obtaining more effective anti-hypertensive drugs. Thus, new SNP
locus associated with hypertension are important for the
prevention, diagnosis, treatment of EH and the development
of new drugs, and also a key element of individualized care.
ACE2 undergoes “shedding” from endothelial cells, which

result in the release of the ectodomain with catalytic active into
the circulation.[36] The activity of ACE2 can be measured in
serum by ELISA. In reviewing the literature, a number of studies
focused on the association between ACE2 activity and EH in
animal models.[37–39] However, only few reports noted that the
serum activity level of ACE2 was associated with cardiovascular
disease,[40] specifically EH. Thus, in this study, we evaluated the
correlation of ACE2 activity with clinical characters between the
different genders in Chinese Han EH patients. The results
indicated that ACE2 activity was inversely related to DBP in
females EH patients. Previously, only 1 research reported the
association between ACE2 activity and DBP response to cold
pressor test in women.[24] And a study in animal model showed
that the elevated diastolic pressure in the spontaneously
hypertensive rat was associated with the reduction in ACE2
activity.[37] Moreover, a research about ACE2 activity in human
atrial fibrillation (AF) demonstrated that elevated plasma ACE2
activity level was associated with impaired left ventricular (LV)
diastolic function.[41] In addition, the association between pulse
pressure and ACE2 activity was found in female EH patient for
the first time in this study. The pulse pressure is an important
parameter represented heart function, and a high pulse pressure
tends to accelerate the normal aging of heart. The increased pulse
pressure has been considered as a marker of arterial stiffness and
an important predictor of new-onset AF.[42] These results
suggested that ACE2 activity could be a potential biomarker
for the variations of blood pressure, providing the useful
information for the prediction and prevention of cardiac
dysfunction in EH patients.
Accumulated evidence proves that estrogen participates in the

upregulates of ACE2 expression and activity level.[43] Our results
showed thepositive associationbetweenACE2activity and estrogen
level in EH patients. Estrogen can regulate the components of the
renin-angiotensin-aldosterone system, which increases synthesis of
angiotensinogen, ACE2 and AT2R and decreases the expression of
renin, ACE and AT1R.[17] Moreover, estrogen can impair the
increment of aldosterone. Therefore, normal estrogen level can
protect female from being harmed by high blood pressure caused
by renin-angiotensin-aldosterone system. These results provided
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evidence that genetic variant of ACE2 plays a vital role in the
development of EH. And the serum ACE2 activity can be used as a
potential biomarker for the identification of blood pressure
variation, providing the useful information for the prediction and
prevention of cardiac dysfunction in EH patients.
In summary, here we observed that 5 SNPs (rs1514283,

rs4646155, rs4646176, rs2285666, and rs879922) of ACE2
gene were significantly associated with EH in women of Chinese
Han population. It is the first time to report that the susceptibility
of rs4646155 for EH in female group. In addition, we found the
ACE2 activities were significantly correlated with DBP, pulse
pressure and blood glucose in female EH patients. The finding
may provide a novel insight into the clinical diagnosis of EH and
the development of antihypertensive drugs.
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