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Background. Sestrins (Sesns), a group of oxidative stress-related proteins, have been reported to be involved in various
cardiovascular diseases, including aortic dissection and chronic heart failure. This study is aimed at investigating the level of
circulating Sesnl, Sesn2, and Sesn3 in hypertension patients. Methods. Plasma levels of Sesnl, Sesn2, and Sesn3 in 400
hypertensive patients and 100 normotensive subjects were detected using enzyme-linked immunosorbent assay (ELISA) Kkits.
The hypertension patients were divided into groups with grade I (n=140), grade II (n=180), and grade III (n=280)
hypertension. Results. Compared with the normotensive subjects, Sesnl, Sesn2, and Sesn3 levels were increased in patients with
hypertension, with a gradual increase between the groups with grade I, grade II, and grade III hypertension. Elevated Sesnl,
Sesn2, and Sesn3 levels were positively correlated with both the systolic blood pressure (SBP) and diastolic blood pressure
(DBP). Moreover, Sesnl, Sesn2, and Sesn3 levels were elevated in patients with dipper hypertension and further increased in
patients with nondipper hypertension. In addition, smokers, as well as patients with higher levels of angiotensin II (Ang II) and
carotid atherosclerotic plaque (CAP), exhibited increased Sesnl, Sesn2, and Sesn3 levels when compared with patients without
these clinical characteristics. Furthermore, plasma levels of Sesnl, Sesn2, and Sesn3 were negatively correlated with the presence
of CAP. Conclusions. Circulating Sesn levels are increased in patients with hypertension and may be a target for the prevention

and treatment of clinical hypertension.

1. Introduction

Hypertension is the most common risk factor of cardiovascu-
lar disease, leading to significantly higher morbidity and
mortality than other risk factors. Numerous previous studies
have used the immune effects and inflammatory response of
blood vessels to strengthen the pathogenesis of hypertension
[1, 2]. In recent years, more and more studies have proved
that oxidative stress was closely related to the progression
of hypertension [3-5].

Sestrin (Sesn) family members, including Sesnl, Sesn2,
and Sesn3 in mammals, are proteins that regulate oxidative
stress both in vivo and in vitro [6, 7]. Sesn is widely present
in a variety of tissues and organs, and its expression is
majorly regulated by oxidative stress levels and, to a lesser

extent, by inflammatory responses, aging, and other patho-
physiological effects [8-10]. A number of studies have con-
firmed that Sesns are involved in the development and
progression of various diseases, by regulating oxidative stress.
Moreover, some studies have reported that Sesns can also reg-
ulate inflammation, apoptosis, aging, and autophagy [9-13].

Sesnl, Sesn2, and Sesn3 were also shown to play a critical
role in cardiovascular diseases [14]. Elevated plasma Sesnl,
Sesn2, and Sesn3 levels were observed in patients with coro-
nary artery disease (CAD). Furthermore, they were positively
correlated with malondialdehyde (MDA) levels and negatively
correlated with superoxide dismutase (SOD) levels [15].
Knockdown of Sesnl significantly alleviated phenylephrine-
(PE-) induced cardiac hypertrophy by regulating the
AMPK/mTORCI /autophagy axis, while Sesnl overexpression
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TasLE 1: Clinical characteristics in each group.
- Hypertension
Characteristics Control Total Grade I Grade II Grade III
Age (years) 482+9.4 47.8+9.9 48.8+10.3 47.1+9.4 47.6+9.6
Male (1, %) 66 (66.0) 287 (71.8) 102 (72.9) 126 (70.0) 59 (73.4)
moking (7, % R B . X .

Smoking (1, %) 33 (33.0) 145 (36.3) 47 (33.6) 62 (34.4) 36 (45.0)
History (years) — 10.1+7.4 11.4+8.6 9.4+7.7% 9.5+7.1°%
SBP (mmHg) 11 +11 165+ 18" 147 + 12# 169 + 15*° 189 + 20* 5
DBP (mmHg) 74+8 95+ 10" 86 + 9*# 98 +10™° 104 + 11%#5&
HR (HR) 68+ 6 70+9 71+9 68 +8 72+ 10
BMI (kg/m?) 245+3.1 24.5+3.2 243429 24.7+3.1 253+3.5
TC (mmol/L) 45+0.8 4.4+0.9 46+1.0 43408 4.5+0.9
TG (mmol/L) 1.8+1.1 1.8+1.2 20+1.3 1.7+12 1.9+0.9
HDL-C (mmol/L) 13+0.3 1.1+0.3" 1.1+0.3" 12403 1.0+£0.3%
LDL-C (mmol/L) 2.6+0.7 2.7+0.8 2.8+0.8 2.5+0.7 2.940.9
Glu (mmol/L) 54+0.6 55+0.8 57+0.8 53+0.9 55+0.8
HbAlc (%) 47408 45408 44406 46+0.8 45+0.9
CRRA (pmol/L) 71+11 93 + 20" 81 + 15%# 94 +19*% 111 + 245#5&
CRP (mg/L) 0.9+0.6 6.6+3.6" 3.9+1.6%% 7.5+3.8"H 9.3 £4.4%H8K
Hcy (pg/mL) 10.6 +3.4 15.3 £5.8" 11.7 + 4.6%# 15.9+52"% 20.2 +7.37#5&
Ang II (pg/mL) 34.9+14.1 57.5+24.1° 45.5+19.5"# 59.9 +24.4%° 72.9 £29.17#5
CAP — 200 (50.0) 52 (37.1)* 93 (51.7)° 55 (68.8)"%%
Medical treatments (1, %)
ACEI/ARB — 244 (61.0) 70 (50.0)" 111 (61.1) 63 (78.8)"

-blocker — . . . .

Block 179 (44.8) 52 (37.1) 83 (46.1) 44 (55.0)
CCB — 338 (84.5) 109 (77.9)* 159 (88.3) 70 (87.5)
Diuretics — 244 (41.3) 30 (21.4)* 74 (41.1)% 61 (76.3)"%&

History: the duration of hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; BMI: body mass index; TC: total cholesterol;
TG: total triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; Glu: fasting glucose; HbAlc: hemoglobin alc;
CRP: C-reactive protein; CREA: creatinine; Hcy: homocysteine; Ang II: angiotensin II; CAP: carotid atherosclerotic plaque; ACEI: angiotensin-converting
enzyme inhibitor; ARB: angiotensin receptor blocker; CCB: calcium channel blocker. *p < 005 vs. the control group, “p < 005 vs. the total group, *p <005

vs. the grade I group, and ¥p < 005 vs. the grade II group.

led to the opposite effect [16]. Expression of circulating Sesn2
was shown to be increased in aortic dissection and chronic
heart failure (CHF) patients. Moreover, CHF patients with ele-
vated Sesn2 levels exhibited poor outcomes and more cardiac
events [17, 18]. Knockout of Sesn2 enlarged the area of myo-
cardial infarction after ischemia-reperfusion and aggravated
myocardial injury after radiation [19, 20]. In addition, Sesn2
protected against age-related intolerance to postmyocardial
infarction and phenylephrine- (PE-) induced cardiomyocyte
hypertrophy [21, 22]. However, the current expression levels
of circulating Sesns in patients with hypertension are still
unknown. Therefore, this study is aimed at examining plasma
Sesnl, Sesn2, and Sesn3 levels in hypertension patients.

2. Methods

2.1. Study Populations. In the present study, 100 normoten-
sive and 400 primary hypertension patients were enrolled.

The patients diagnosed with diseases, including secondary
hypertension, chronic heart failure, chronic renal failure,
stroke, valvular heart disease, collagen disease, advanced liver
disease, malignant disease, septicemia, or other diseases that
may affect Sesn expression, were excluded from this study.
According to the value of systolic blood pressure (SBP)
and/or diastolic blood pressure (DBP), the hypertension
patients were divided into three groups, namely, grade I
hypertension (n=140), grade II hypertension (n=180),
and grade III hypertension (n = 80). All subjects underwent
ambulatory blood pressure monitoring to determine the type
of hypertension and were further divided into two groups,
namely, the scoop-shaped hypertension group (n=240)
and nonscoop-shaped hypertension group (n=160). In
addition, all subjects received a carotid ultrasound to deter-
mine the presence of carotid atherosclerotic plaque (CAP).
The blood samples were collected from the People’s Hospital
of Guangxi Zhuang Autonomous Region from March 2016
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to May 2018. All patients signed informed consent forms,
and the study was approved by the Ethics Committee of the
People’s Hospital of Guangxi Zhuang Autonomous Region.

2.2. Blood Sample Collection. Blood samples were collected
from each subject at 6-7 A.M. on the day following admis-
sion. All the samples were collected in sodium heparin vacu-
tainers and quickly taken to the laboratory. The samples were
then centrifuged as at 4000 x g for 20 min to obtain the
plasma, which was subsequently frozen and preserved in
liquid nitrogen until use. The blood samples were collected
by nurses with more than 8 years of experience, and the time
from blood samples collection to plasma storage was no lon-
ger than 45 min.

2.3. Detection of Plasma Sesnl, Sesn2, and Sesn3 Levels. The
Sesnl, Sesn2, and Sesn3 enzyme-linked immunosorbent
assay (ELISA) kits were purchased from Cloud-Clone Corp.
(USA). The performance of these ELISA kits was tested.
The lower detection limit of Sesnl was approximately
10.5ng/mL, the intra-assay and interassay coefficients of var-
iation were <5% and <7%, respectively, the recovery range
was between 90.5 and 115.2%, and the sensitivity was
approximately 1.0 ng/mL. The lower detection limit of Sesn2
was approximately 0.5 ng/mL, the intra-assay and interassay
coefficients of variation were <4% and <8%, respectively, the
recovery range was between 93.4 and 110.5%, and the sensi-
tivity was approximately 0.2ng/mL. For Sesn3, the lower
detection limit was approximately 3.2ng/mlL, the intra-
assay and interassay coefficients of variation were <4.5%
and <9.5%, respectively, the recovery range was between
92.5 and 116.6%, and the sensitivity was approximately
0.5ng/mL.

Plasma samples were taken from liquid nitrogen and
defrosted at 4°C. The plasma levels of Sesn1, Sesn2, and Sesn3
were detected using the respective ELISA kits, according to
the manufacturer’s instructions. All tests were performed in
duplicate.

2.4. Statistical Analysis. Data regarding the enumeration var-
iables were expressed as the mean + standard deviation (SD).
Student’s t-test was performed to compare the difference
between the two groups, and one-way ANOVA, followed
by the LSD test, was performed for multiple comparisons
between more than two groups. The categorical variables
are presented as counts (percentages) and compared with
the chi-square test. The correlations between Sesn2 levels
and blood pressure (including SBP and DBP) were calculated
using Spearman’s correlation analysis. The simple linear regres-
sion analysis and subsequent multiple linear regression analysis
were performed to investigate the role of Sesns in the presence
of CAP. All the data were analyzed using the SPSS 23.0
software, and p < 0.05 was considered statistically significant.

3. Results

3.1. The Differences in the Clinical Characteristics of Each
Group. Compared with the control group, hypertension
patients exhibited higher SBP, DBP, high-density lipoprotein
cholesterol (HDL-C), creatinine (CREA), C-reactive protein

TaBLE 2: Clinical characteristics in the dipper group and nondipper
group.

Characteristics Control Dipple-lryperten;ilcz)rlll dipper
Age (years) 48.2+9.4 48.0+10.1 47.5+8.9
Male (n, %) 66 (66.0) 167 (69.6) 120 (75.0)
Smoking (n, %) 33 (33.0) 78 (32.5) 77 (48.1)"#
History (years) — 9.9+75 10.5+ 8.8
SBP (mmHg) 111+11 167 + 15* 163 £ 11%#
DBP (mmHg) 74+ 8 94 +9* 96 + 10"
HR (HR) 68+6 71 +9* 68 + 8#
BMI (kg/mz) 24.5+3.1 24.5+2.8 25.0+34
TC (mmol/L) 45+0.8 4.4+0.8 4.5+0.9
TG (mmol/L) 1.8+1.1 1.8+1.1 19+1.2
HDL-C (mmol/L) 1.3+0.3 1.1+0.3" 1.2+0.4
LDL-C (mmol/L) 2.6+0.7 2.6+0.7 2.8+0.9
Glu (mmol/L) 54+0.6 54+0.7 5.6+09
HbAlc (%) 47+0.8 45+0.7 45+0.9
CRRA (umol/L) 71+11 90 + 18" 97 +23*#
CRP (mg/L) 0.9+0.6 74+4.6" 5.4+2.9%#
Hcy (pg/mL) 10.6 £+3.4 15.1+5.7" 15.6 + 6.4"
Ang II (pg/mL) 349+14.1 57.1+24.7* 58.1 +£26.2"
CAP — 109 (45.4) 91 (56.9)*
Medical treatments (1, %)

ACEI/ARB — 146 (60.8) 98 (61.2)
B-Blocker — 101 (40.1) 78 (48.8)
CCB — 200 (83.3) 138 (86.3)
Diuretics — 141 (58.8) 101 (63.1)

*p <005 vs. the control group; *p < 005 vs. the dipper group.

(CRP), homocysteine (Hcy), and angiotensin II (Ang II).
No other differences in clinical characteristics were identified
between the two groups, including age, male gender, smok-
ing, the duration of hypertension (history), heart rate (HR),
body mass index (BMI), total cholesterol (TC), total triglyc-
erides (TG), low-density lipoprotein cholesterol (LDL-C),
fasting glucose (Glu), and hemoglobin alc (HbAlc). In addi-
tion, the SBP, DBP, CREA, CRP, Hcy, Ang II, and CAP per-
centages were shown to gradually increase between the grade
I, grade II, and grade III groups. The history in the grade II
and grade III groups was higher than that in the grade I
group, while the level of high-density lipoprotein cholesterol
(HDL-C) in the grade III group was lower than that of the
other two groups. The clinical characteristics of each group
are listed in Table 1.

In addition, the dipper group and nondipper group exhib-
ited higher SBP, DBP, CREA, CRP, Hcy, and Ang II when
compared to the control group. Moreover, SBP and CRP were
higher in the dipper group when compared with the nondip-
per group, while DBP, HR, CREA, and CAP percentages
exhibited the opposite trend. The clinical characteristics of
the dipper and nondipper groups are listed in Table 2.
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F1ure 1: Circulating Sesn levels in normotensive subjects (control) and hypertension patients. (a) Plasma Sesn1 levels in the control group
(n=100), total hypertension group (n = 400), grade I group (n = 140), grade II group (n = 180), and grade IIT group (n = 80) were measured
using ELISA kits. (b) Plasma Sesn2 levels were detected in each group. (c) Plasma levels of Sesn3 were determined in the four groups.

3.2. Plasma Sesnl, Sesn2, and Sesn3 Levels Were Increased in
Hypertension Patients. Plasma Sesn1 levels were significantly
increased in hypertension patients when compared with the
control group and gradually increased between the grade I,
grade II, and grade III groups (Figure 1(a)). Plasma Sesn2
and Sesn3 exhibited similar trends to Sesnl (Figures 1(b)
and 1(c)). Furthermore, plasma Sesnl, Sesn2, and Sesn3
levels were positively correlated to both SBP and DBP in
hypertension patients. The r values and p values are listed
in Table 3.

3.3. Nondipper Hypertension Patients Exhibited Higher Sesn1,
Sesn2, and Sesn3 Levels. According to the results of the ambu-
latory blood pressure monitoring, the hypertension patients
were divided into the dipper and nondipper groups. The
ELISA results revealed that plasma Sesnl, Sesn2, and Sesn3
levels gradually increased between the dipper and nondipper
groups (Figures 2(a)-2(c)).

3.4. Effects of Clinical Characteristics on Plasma Sesnl, Sesn2,
and Sesn3 Levels. Subjects were divided into two groups
based on the median of several characteristics, such as
HDL-C, CREA, CRP, Hcy, Ang II, smoking status, CAP,
and medication use. The results showed that smokers and
patients with CAP and higher Ang II (>Median) exhibited
higher plasma Sesn1, Sesn2, and Sesn3 levels. HDL-C, CREA,
CRP, Hcy, and use of ACEI/ARB, f3-blockers, CCB, and
diuretics did not affect Sesn expression. Sesnl, Sesn2, and
Sesn3 levels in each group are listed in Table 4.

3.5. Sesnl, Sesn2, and Sesn3 Were Negatively Correlated with
CAP Occurrence. To determine the effects of Sesns on CAP
occurrence, Sesnl, Sesn2, and Sesn3 levels, as well as smoking
status, SBP, DBP, LDL-C, Glu, CRP, Hcy, and Ang II were
used to perform simple linear regression analysis. The results
revealed that Sesnl, Sesn2, Sesn3, smoking, SBP, DBP, CRP,

TaBLE 3: Correlation between blood pressure and the Sesn levels.

. SBP DBP
Characteristic
r value p value r value p value
Sesnl 0.3262 <0.0001 0.4198 <0.0001
Sesn2 0.4511 <0.0001 0.3309 <0.0001
Sesn3 0.2987 <0.0001 0.4419 <0.0001

Hcy, and Ang II showed a trend. These variables were further
used to perform a multivariate linear regression analysis. The
results showed that Sesnl, Sesn2, and Sesn3, respectively,
were independently associated with the presence of CAP.
The B value, 95% CI of 3, and p values are listed in Table 5.

4. Discussion

In the present study, the plasma levels of the antioxidant pro-
teins Sesnl, Sesn2, and Sesn3 in hypertension patients were
detected. The results of our study revealed that Sesn1, Sesn2,
and Sesn3 levels were significantly increased in hypertension
patients when compared with the normotensive subjects. A
further analysis showed a positive correlation between
plasma Sesn levels and blood pressure values, including
SBP and DBP. In addition, we identified a variety of variables,
including smoking status, Ang II, and CAP, which could pro-
mote Sesn expression. Furthermore, the results of the multi-
ple linear regression analysis suggested that Sesn1, Sesn2, and
Sesn3 levels were negatively correlated with the presence of
CAP. Our study is the first to show the increased expression
of Sesns in hypertension patients, which may have a protec-
tive effect against the development of CAP.

Elevated Sesn levels have been widely reported in a vari-
ety of diseases. In a previous study, circulating Sesnl, Sesn2,
and Sesn3 were reported to be increased in patients with cor-
onary artery diseases, while the amplitude of the increase in
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FIGURE 2: Plasma Sesn levels in dipper hypertension and nondipper hypertension patients. The plasma (a) Sesnl, (b) Sesn2, and (c) Sesn3
levels in the control group (n =100), dipper hypertension group (n = 240) and nondipper hypertension group (n = 160) were analyzed by
ELISA.

TABLE 4: Sesn levels according to characteristics in hypertensive patients.

Characteristics Factors Sesnl (ng/mL) Sesn2 (ng/mL) Sesn3 (ng/mL)
Yes 30.6+7.9 2.49+0.81" 9.44 +2.8"
Smoking
No 27.4+5.1 2.0+£0.51 8.1+1.6
>Median 29.1+6.8 2.19+0.68 8.8+1.7
HDL-C
<Median 289+74 2.30 +£0.64 8.7+1.6
>Median 28.8+5.7 2.24+0.69 88+19
CREA
<Median 29.2+7.6 2.25+0.59 8.8+1.6
>Median 30.1+6.7 2.39+0.77 9.0+£2.0
CRP
<Median 26.9+6.1 2.10+£0.49 8.6x+1.5
>Median 28.8+5.9 2.20 +0.62 87+14
Hc
Y <Median 29.2+6.5 2.29+0.68 8.8+1.9
>Median 36.6+7.2° 2.88+0.79" 10.7 £2.4"
AngII
<Median 21.4+59 1.95+0.54 6.8+14
Yes 32.8+6.9" 2.69+0.75" 9.8+2.1"
CAP
No 25.1+6.8 1.80 +0.66 7.7+1.3
Yes 29.1+59 2.21+0.49 8.7+1.2
ACEI/ARB
No 28.8+7.1 2.28+0.76 8.8+1.5
Yes 28.6+7.3 2.19+0.66 8.6+1.1
B-Blocker
No 29.3+7.7 2.30+£0.74 89+1.8
Yes 29.1+7.9 2.24+0.61 8.8+1.6
CCB
No 28.8+7.1 2.24+0.77 8.8+2.0
Yes 289+5.5 2.27+0.55 8.7+1.5
Diuretics
No 29.1+7.9 2.22+0.81 8.8+2.4

*p<005.
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TaBLE 5: Association between plasma Sesns and the presence of CAP was assessed by simple linear regression analysis and subsequent

multiple linear regression analysis.

Variables Simple linear Multiple linear

B 95% CI p value B 95% CI p value
Sesnl -0.415 -0.636 to -0.194 <0.001 -0.218 -0.304 to -0.132 0.011
Sesn2 -0.556 -0.794 to -0.318 <0.001 -0.301 -0.408 to -0.194 <0.001
Sesn3 -0.487 -0.715 to -0.259 <0.001 -0.247 -0.342 to -0.152 0.009
Smoking 0.339 0.154 to 0.524 0.002 0.144 0.086 to 0.201 0.039
SBP 0.357 0.167 to 0.547 0.009 0.157 0.094 to 0.220 0.068
DBP 0.289 0.115 to 0.463 0.011 0.112 0.052 to 0.172 0.104
LDL-C 0.109 0.062 to 0.156 0.198
Glu 0.212 0.104 to 0.320 0.239
CRP 0.117 0.071 to 0.163 0.019 0.046 -0.017 to 0.109 0.042
Hey 0.098 0.047 to 0.149 0.026 0.087 0.022 to 0.152 0.672
Ang II 0.614 0.383 to 0.845 <0.001 0.356 0.455 to 0.257 <0.001

Sesn levels was closely related to the degree of stenosis and
oxidative stress in CAD patients [15]. In another study of
human aortic dissection, plasma Sesn2 levels were found to
be positively correlated with MDA levels and negatively cor-
related with SOD levels [16]. Considering that oxidative
stress is the most important factor that affects Sesn expres-
sion, we suspected that the level of increase in Sesn expres-
sion may reflect the severity of the oxidative stress. Indeed,
treatment with Ang II and oxidized low-density lipoprotein,
which were shown to induce intense oxidative stress,
increased Sesn2 mRNA levels in macrophages in a dose-
dependent manner [17, 23, 24]. These findings further sup-
port our hypothesis that there is a strong association between
oxidative stress levels and Sesn expression and that they can
influence each other.

In this study, we found that plasma Sesn levels were
increased in patients with hypertension and were positively
correlated with the value of blood pressure. These results
suggest that there are different degrees of oxidative stress
imbalance among hypertensive patients. Moreover, intense
oxidative stress may be one of the key players in the patho-
genesis of hypertension. As such, it may be useful to pay
attention to the dynamic changes in both blood pressure
and oxidative stress.

In healthy subjects, blood pressure variability over a 24 h
period presents as a double peak and a valley; namely, the
highest blood pressure appears in the morning and after-
noon, while the lowest blood pressure appears at night. This
is due to a drop in sympathetic nerve excitability in the eve-
nings and is called the dipper blood pressure. In some
patients with hypertension, this blood pressure trend is dis-
rupted and the blood pressure at night is higher than that
in the morning, which is called nondipper hypertension.
Since nondipper hypertension is not easy to detect and the
damage to target organs is significantly higher than that of
dipper hypertension, nondipper hypertension is more harm-
tul to patients [25, 26]. There is evidence that sympathetic
excitation promotes the release of large amounts of
peroxidation-related substances [27]. In our study, we found
a significant increase in Sesn levels in nondipper hyperten-

sion patients, which represents excessive oxidative stress.
One possible reason is that sympathetic hyperactivity may
mediate the formation of nondipper hypertension by
enhancing oxidative stress and that reducing the oxidative
stress levels may be beneficial to the treatment of nondipper
hypertension and the reduction of target organ injury medi-
ated by this condition.

Previously, we revealed that Sesns are involved in the reg-
ulation of hypertension, mainly via its antioxidant effects. In
an early study, Yang et al. reported that silencing Sesn2
aggravated oxidative stress and elevated the blood pressure
in dopamine D2 receptor (D2R) knockout-induced hyper-
tension mice [28]. In a recent study, Xiao et al. found that
Sesn2 promoted the expression of the nuclear factor
erythroid-2-related factor-2 (Nrf2), which then alleviated
Ang II-induced smooth muscle cells apoptosis [17]. While
we found that Sesn levels increase in the oxidative stress envi-
ronment of hypertension, the conclusion of the studies men-
tioned above seems to contradict our results. One possible
explanation is that Sesn levels increase in response to oxida-
tive stress and that Sesns act as antioxidants that protects
organs and tissues from damage.

Smoking, angiotensin, atherosclerosis, and a variety of
antihypertensive drugs are closely related to oxidative stress
[29-31]. To determine whether these factors affect Sesn
expression, the hypertension patients were divided into 2
groups. The results showed that patients with higher Ang II,
smoking, and CAP exhibited higher plasma Sesnl, Sesn2,
and Sesn3 levels, while other factors and the use of antihyper-
tensive drugs did not affect Sesn expression. To investigate the
role of Sesns in the occurrence of CAP, multivariate linear
regression analysis was performed. The results revealed that
Sesnl, Sesn2, and Sesn3 were independently associated with
the presence of CAP. These results suggest that Sesns may
be useful in preventing and delaying the development and
progression of atherosclerosis. However, this hypothesis
requires further confirmation in animal models.

In conclusion, we found that plasma Sesnl, Sesn2, and
Sesn3 levels were increased in hypertension patients and pos-
itively correlated to the blood pressure values. Nondipper
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hypertension patients exhibited higher plasma Sesnl, Sesn2,
and Sesn3 levels when compared to dipper hypertension
patients. Moreover, Sesns may be involved in hypertension
or CAP through the regulation of oxidative stress. As such,
Sesns may be a novel target for the treatment and prevention
of hypertension and CAP. However, there were some limita-
tions in the present study. The oxidative stress markers such
as SOD and MDA levels were not quantified in the patients
included in the study, and the correlation between SOD,
MDA, and Sesns was not analyzed. Moreover, while there is
a strong relationship between inflammatory response and
oxidative stress, Sesn expression and oxidative stress levels
can affect each other. However, we did not explore the poten-
tial link between them.

Data Availability

We declare that the materials described in the manuscript,
including all relevant raw data, will be freely available to
any scientist wishing to use them for noncommercial pur-
poses, without breaching participant confidentiality.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Cao Fang and Zicong Yang contributed equally to this work.

References

[1] A. Agita and M. T. Alsagaff, “Inflammation, immunity, and
hypertension,” Acta Medica Indonesiana, vol. 49, no. 2,
pp. 158-165, 2017.

[2] E.L.Schiffrin, “Immune mechanisms in hypertension and vas-
cular injury,” Clinical Science, vol. 126, no. 4, pp. 267-274,
2014.

[3] P.Pignatelli, D. Menichelli, D. Pastori, and F. Violi, “Oxidative
stress and cardiovascular disease: new insights,” Kardiologia
Polska, vol. 76, no. 4, pp. 713-722, 2018.

[4] D. La Russa, E. Brunelli, and D. Pellegrino, “Oxidative imbal-
ance and kidney damage in spontaneously hypertensive rats:
activation of extrinsic apoptotic pathways,” Clinical Science,
vol. 131, no. 13, pp. 1419-1428, 2017.

[5] E. Brunelli, D. La Russa, and D. Pellegrino, “Impaired oxida-
tive status is strongly associated with cardiovascular risk fac-
tors,” Oxidative Medicine and Cellular Longevity, vol. 2017,
Article ID 6480145, 11 pages, 2017.

[6] N. Sinha and P. K. Dabla, “Oxidative stress and antioxidants in
hypertension-a current review,” Current Hypertension
Reviews, vol. 11, no. 2, pp. 132-142, 2015.

[7] M. Cordani, M. Sanchez-Alvarez, R. Strippoli, A. V. Bazhin,
and M. Donadelli, “Sestrins at the interface of ROS control
and autophagy regulation in health and disease,” Oxidative
Medicine and Cellular Longevity, vol. 2019, Article ID
1283075, 11 pages, 2019.

[8] S. D. Chen, J. L. Yang, T. K. Lin, and D. L. Yang, “Emerging
roles of sestrins in neurodegenerative diseases: counteracting
oxidative stress and beyond,” Journal of Clinical Medicine,
vol. 8, no. 7, p. 1001, 2019.

[9] M. Wang, Y. Xu, J. Liu et al,, “Recent insights into the biolog-
ical functions of sestrins in health and disease,” Cellular Phys-
iology and Biochemistry, vol. 43, no. 5, pp. 1731-1741, 2018.

[10] A. A. Dalina, I. E. Kovaleva, and A. V. Budanov, “Sestrins are
gatekeepers in the way from stress to aging and disease,” Mole-
kuliarnaia Biologiia, vol. 52, no. 6, pp. 948-962, 2018.

[11] J. H. Yang, K. M. Kim, M. G. Kim et al., “Role of sestrin2 in the
regulation of proinflammatory signaling in macrophages,”
Free Radical Biology ¢ Medicine, vol. 78, pp. 156-167, 2015.

[12] A.L.B. C. Morsch, E. Wisniewski, T. F. Luciano et al., “Ciga-
rette smoke exposure induces ROS-mediated autophagy by
regulating sestrin, AMPK, and mTOR level in mice,” Redox
Report, vol. 24, no. 1, pp. 27-33, 2019.

[13] S.Rafia and S. Saran, “Sestrin-like protein from dictyostelium
discoideum is involved in autophagy under starvation stress,”
Microbiological Research, vol. 220, pp. 61-71, 2019.

[14] H. H. Liao, J. Y. Ruan, H. J. Liu, Y. Liu, H. Feng, and Q. Z.
Tang, “Sestrin family may play important roles in the regula-
tion of cardiac pathophysiology,” International Journal of Car-
diology, vol. 202, pp. 183-184, 2016.

[15] J. Ye, M. Wang, Y. Xu et al., “Sestrins increase in patients with
coronary artery disease and associate with the severity of cor-
onary stenosis,” Clinica Chimica Acta, vol. 472, pp. 51-57,
2017.

[16] R. Xue, J. Zeng, Y. Chen et al., “Sestrin 1 ameliorates cardiac
hypertrophy via autophagy activation,” Journal of Cellular
and Molecular Medicine, vol. 21, no. 6, pp. 1193-1205, 2017.

[17] T.Xiao, L. Zhang, Y. Huang et al., “Sestrin2 increases in aortas
and plasma from aortic dissection patients and alleviates
angiotensin II-induced smooth muscle cell apoptosis via the
Nrf2 pathway,” Life Sciences, vol. 218, pp. 132-138, 2019.

[18] H.Wang, N. Li, X. Shao et al., “Increased plasma sestrin2 con-
centrations in patients with chronic heart failure and predicted
the occurrence of major adverse cardiac events: a 36-month
follow-up cohort study,” Clinica Chimica Acta, vol. 495,
pp. 338-344, 2019.

[19] A. Morrison, L. Chen, J. Wang et al., “Sestrin2 promotes
LKB1-mediated AMPK activation in the ischemic heart,” The
FASEB Journal, vol. 29, no. 2, pp. 408-417, 2014.

[20] Y. C.Zeng, F. Chi, R. Xing et al,, “Sestrin2 protects the myocar-
dium against radiation-induced damage,” Radiation and Envi-
ronmental Biophysics, vol. 55, no. 2, pp. 195-202, 2016.

[21] N. Quan, L. Wang, X. Chen et al., “Sestrin2 prevents age-
related intolerance to post myocardial infarction via
AMPK/PGC-1a pathway,” Journal of Molecular and Cellular
Cardiology, vol. 115, pp. 170-178, 2018.

[22] B.Dong, R. Xue, Y. Sun, Y. Dong, and C. Liu, “Sestrin 2 atten-
uates neonatal rat cardiomyocyte hypertrophy induced by
phenylephrine via inhibiting ERK1/2,” Molecular and Cellular
Biochemistry, vol. 433, no. 1-2, pp. 113-123, 2017.

[23] L.Yi, F. Li, Y. Yong et al., “Upregulation of sestrin-2 expres-
sion protects against endothelial toxicity of angiotensin II,”
Cell Biology and Toxicology, vol. 30, no. 3, pp. 147-156, 2014.

[24] H.J. Hu, Z. Y. Shi, X. L. Lin, S. M. Chen, Q. Y. Wang, and S. Y.
Tang, “Upregulation of Sestrin2 expression protects against mac-
rophage apoptosis induced by oxidized low-density lipoprotein,”
DNA and Cell Biology, vol. 34, no. 4, pp. 296-302, 2015.

[25] Y. Chen, J. H. Liu, Z. Zhen et al., “Assessment of left ventricu-
lar function and peripheral vascular arterial stiffness in
patients with dipper and non-dipper hypertension,” Journal
of Investigative Medicine, vol. 66, no. 2, pp. 319-324, 2018.



(26]

(27]

(28]

(29]

(30]

(31]

E. Aksit, E. Gursul, F. Aydin, M. Samsa, and F. Ozcelik, “Non-
dipper hypertension is associated with slow coronary flow
among hypertensives with normal coronary angiogram,” Car-
diovascular Journal of Africa, vol. 28, no. 1, pp. 14-18, 2017.

R. S. Moheimani, M. Bhetraratana, F. Yin et al., “Increased car-
diac sympathetic activity and oxidative stress in habitual elec-
tronic cigarette users: implications for cardiovascular risk,”
JAMA Cardiology, vol. 2, no. 3, pp. 278-284, 2017.

Y. Yang, S. Cuevas, S. Yang et al., “Sestrin2 decreases renal oxi-
dative stress, lowers blood pressure, and mediates dopamine
D2 receptor-induced inhibition of reactive oxygen species pro-
duction,” Hypertension, vol. 64, no. 4, pp. 825-832, 2014.

L. Zuo, F. He, G. G. Sergakis et al., “Interrelated role of ciga-
rette smoking, oxidative stress, and immune response in
COPD and corresponding treatments,” American Journal of
Physiology-Lung Cellular and Molecular Physiology, vol. 307,
no. 3, pp. L205-1218, 2014.

H. N. Siti, Y. Kamisah, and J. Kamsiah, “The role of oxidative
stress, antioxidants and vascular inflammation in cardiovascular
disease (a review),” Vascular Pharmacology, vol. 71, pp. 40-56,
2015.

G. Zhou, X. Liu, A. K. Cheung, and Y. Huang, “Efficacy of alis-
kiren, compared with angiotensin II blockade, in slowing the
progression of diabetic nephropathy in db/db mice: should
the combination therapy be a focus?,” American Journal of
Translational Research, vol. 7, no. 5, pp. 825-840, 2015.

Disease Markers



	Circulating Sestrin Levels Are Increased in Hypertension Patients
	1. Introduction
	2. Methods
	2.1. Study Populations
	2.2. Blood Sample Collection
	2.3. Detection of Plasma Sesn1, Sesn2, and Sesn3 Levels
	2.4. Statistical Analysis

	3. Results
	3.1. The Differences in the Clinical Characteristics of Each Group
	3.2. Plasma Sesn1, Sesn2, and Sesn3 Levels Were Increased in Hypertension Patients
	3.3. Nondipper Hypertension Patients Exhibited Higher Sesn1, Sesn2, and Sesn3 Levels
	3.4. Effects of Clinical Characteristics on Plasma Sesn1, Sesn2, and Sesn3 Levels
	3.5. Sesn1, Sesn2, and Sesn3 Were Negatively Correlated with CAP Occurrence

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

