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down-regulated expression of renal endothelial lncRNA 
sONE in a rat model of salt-sensitive hypertension

Xinyu Zhang1,2,3, Xinping Yang4, Yahui Lin1, Miaomiao Suo1, Ling Gong1, Jingzhou Chen1, Rutai Hui1

1State Key Laboratory of Cardiovascular Disease, Sino-German Laboratory for Molecular Medicine, Fuwai Hospi-
tal, National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking Union Medi-
cal College, Beijing, China; 2Department of Biochemistry and Molecular Biology, Logistic University of The Chinese 
People’s Armed Police Force, Tianjin, China; 3Tianjin Key Laboratory of Cardiovascular Remodeling and Target Or-
gan Injury, China; 4Institute of Traumatic Brain Injury and Neuroscience of Chinese People’s Armed Police Forces, 
The Affiliated Hospital of The Logistics University of People’s Armed Police Force, Tianjin, China

Received March 25, 2015; Accepted May 20, 2015; Epub June 1, 2015; Published June 15, 2015

Abstract: The present study aims to test whether Lycium barbarum L. has anti-hypertensive effect through regulat-
ing expression of lncRNA sONE in a rat model of salt-sensitive hypertension. Nine weeks old borderline hypertensive 
rats (BHRs) were divided into 4 groups receiving high (8% NaCl), medium (0.25% NaCl, as control group), and low 
salt diet (0.015% NaCl) for 16 weeks, respectively, while the fourth group (high salt + L. barbarum group) fed with 
high salt diet for 12 weeks, then followed by 8% NaCl and L. barbarum treatment for 4 weeks. Body weight and 
blood pressure were recorded biweekly. Salt-sensitive hypertension was successfully induced by 12-week high salt 
diet in BHR model. Blood pressure was significantly increased in the model (P < 0.05), and L. barbarum treatment 
reversed the elevated blood pressure to normal level. Expression of lncRNA sONE was significantly reduced and 
eNOS expression level was dramatically improved in the hypertension model rats with the L. barbarum compared 
with that receiving high salt diet. Our results indicated that L. barbarum L. had anti-hypertensive effect and might 
lower blood pressure by suppressing the expression of lncRNA sONE in BHR model.
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Introduction

Hypertension is a major public health challenge 
due to its high prevalence, major risk factor for 
cardiovascular disease and all-cause mortality 
[1]. As a complex trait, hypertension is influ-
enced by multiple environmental and genetic 
determinants, as well as their interactions [2]. 
Dietary sodium intake is the most common and 
important etiological factor for hypertension 
[3]. The previous study has suggested that 
blood pressure (BP) varies among individuals in 
response to dietary sodium intake, described 
as salt sensitivity of BP [4]. 

The release of nitric oxide (NO) from the endo-
thelium can increase vasodilation and regional 
blood flow as well as reduce BP [5, 6]. 
Endothelial nitric oxide synthase (eNOS) cata-

lyzes the generation of NO in endothelial cells 
[7]. It has been reported that the T-786C poly-
morphism of eNOS gene is related to sodium 
intake, leading to the increasing risk of hyper-
tension [8, 9]. Additionally, Robb et al. [10] find 
the existence of an antisense mRNA (sONE), 
which is long noncoding RNA (lncRNA) derived 
from a transcription unit (NOS3AS) on the oppo-
site DNA strand of human eNOS. RNA interfer-
ence-mediated expression inhibition of sONE in 
vascular smooth muscle cells increases eNOS 
expression, while overexpression of sONE in 
endothelial cells reduces the expression of 
eNOS. Therefore, the antisense lncRNA sONE 
may be involved in salt-sensitive hypertension.

Lycium barbarum L. (L. barbarum), also called 
Goji berry or wolfberry, is a traditional Chinese 
medicine used for preventing and treating vari-
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ous diseases, such as diabetes, hyperlipid-
emia, thrombosis, immunodeficiency and can-
cer [11]. The polysaccharides extracted from L. 
barbarum (LBP) has been reported to show a 
remarkable antioxidant [12], immunomodula-
tion and antitumor activity [13], meanwhile it 
also has protective effects on retinal ganglion 
cells in both chronic ocular hypertension model 
rat [14] and acute ocular hypertension model 
mouse [15], suggesting that LBP may be the 
primary active chemical constituent of L. bar-
barum. In this study, we tried to investigate 
whether L. barbarum had anti-hypertensive 
effect on salt-sensitive hypertension in border-
line hypertensive rat (BHR) which was consid-
ered as a model for environmentally-induced 
hypertension [16]. In addition, we also moni-
tored the expression levels of lncRNA sONE and 
eNOS in renal vascular endothelia cells of BHR 
(in vivo) fed with different concentrations of salt 
diets and L. Barbarum and the cultured human 
umbilical vein endothelial cells (HUVEC, in vitro) 
treated with NaCl only or plus LBP (a substitute 
of L. Barbarum), exploring the underlying 
molecular mechanisms of blood pressure regu-
lation by L. Barbarum. 

Materials and methods

Animals 

BHR, which is a genetic model of environmen-
tally induced hypertension, become perma-
nently hypertensive when subjected to a time 
limited period of exposure to environmental 
stress or to increased dietary sodium intake 
[17]. BHRs used in the study were born in our 
animal facility as F1 offspring of male normoten-
sive Wistar and female spontaneous hyperten-
sive rats purchased from Vital River Laborato- 
ries (Beijing, China). At 5 weeks old, BHRs (16 
female and 16 male) were weaned and housed 
in a controlled environment (21-24°C, 45-55% 
relative humidity, 12:12 h light-dark cycle) and 
maintained on a pellet diet (New Brunswick, 
New jersey, USA) and tap water. All procedures 
were in accordance with the National Research 
Council Guide for the Care and Use of Laboratory 
Animals and were approved by the Fuwai hospi-
tal Animal Care and Use Committee. All human 
studies have been approved by China Ethics 
Committee and performed in accordance with 
the ethical standards.

Salt-sensitive hypertension model and experi-
mental design

These BHRs were fed with normal salt diet 
(0.25% NaCl) for 4 weeks. Then, animals were 
randomly divided into 4 groups with 4 male and 
4 female BHRs in each group. Medium salt 
(control) group, high salt group and low salt 
group received 0.25%, 8% and 0.015% NaCl 
diet, respectively for 16 weeks. The fourth 
group (high salt + L. Barbarum group) received 
high salt diet (8% NaCl) for 12 weeks (optimal 
BP changes could be observed at this time-
point), and then fed 8% NaCl and L. barbarum 
(Ningxia wolfberry conglomerate company, 
Ningxia, China; 10 g/day for female and 20 g/
day for male) for 4 weeks. 

Blood pressure and body weight measurement

The systolic blood pressure (SBP) and body 
weight (BW) of rats in each group were respec-
tively measured by tail-cuff method (SoftronBP-
98A, Beijing, China) and weight scale every 2 
weeks.

Separation of rat renal vascular endothelial 
cells 

All rats were anesthetized by intraperitoneal 
injecting of ketamine-xylazine mixture (100 
mg/ml; 0.1 ml/100 g body weight) and the kid-
neys were rapidly removed. Renal cortex was 
isolated and placed into Rat Endothelial Cell 
Growth Medium (Cell Applications, San Diego, 
California, USA), then cut into pieces (< 1 mm3). 
Minced tissues were collected into a 50 mL 
centrifuge tube with the medium containing  
collagenase type II and dispase (Invitrogen, 
Carlsbad, California, USA), then suspended and 
put into water bath at 37°C for 30 min with stir-
ring. DNaseI (Sigma, St. Louis, Missouri, USA, 
75 μL/10 mL suspension) was added into the 
tube. After another 30 min at 37°C with stirring, 
the tube was placed on ice, and added pre-cool 
medium (5 mL for 10 mL suspension). The sus-
pension was mixed completely and filtrated by 
75 μm cell strainer (BD, San Diego, California, 
USA). Cell suspension was centrifuged at 400 g 
for 5 min at room temperature and cells were 
collected and resuspended in Ficoll isolation 
medium (rat endothelial cell growth medium + 
sodium citrate (1% v/v, 2 M)). After that, cell 
suspension was gently transferred to another 
50 mL centrifuge tube containing 7.5 mL Ficoll-
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Paque and kept on the top. After centrifugation 
at 400 g for 30 min at 18°C, the white floccu-
lent cells at interlayer were transferred into a 
new 50 mL centrifuge tube, and resuspended 
with 2-fold volume medium, then centrifuged  
at 400 g for 5 min. Subsequently, cells were 
counted and resuspended in the medium (≤ 
107/mL), and incubated with mouse anti-rat 
CD31 Ab (R & D Systems, Minneapolis, 
Minnesota, USA, 500 mg/mL, 1 μg/106 cells) 
at 4°C for 45 min with slow stirring. After  
washing, goat-anti-mouse Dynabeads (110-33, 
Invitrogen) were added (25 μL/107 cells), and 
the tube was incubated again at 4°C for 45 min 
with slow stirring. The beads were washed four 
times, and cryopreserved with 1 mL Trizol at 
-20°C for further use. 

Cell culture and treatment

HUVEC cells were cultured using VascuLife 
VEGF Medium Complete Kit (Lifeline cell tech-
nologies, Frederick, Maryland, USA). When 
80~90% confluence was reached, 150 mM 
NaCl only or plus 500 μg/mL LBP (a gift from 
professor Kwok-Fai So of Hong Kong University) 
was added for 1 h, 3 h and 6 h, respectively. A 
NaCl and LBP dose dependent curve had been 
generated previously (data not shown), and 
optimal changes could be observed at this 
concentration. 

Gene expression analysis

Total RNA was extracted from cells (rat renal 
vascular endothelial cells and HUVEC cells) 
using Trizol (Invitrogen) reagent following  
the manufacturer’s instruction and reverse  

transcribed using PrimeScript®  
RT Master Mix (TAKARA, Dalian, 
China). The sequences of primers 
(Shenggong Bioengineering Co., 
Shanghai, China) used for quantifi-
cation measurement of lncRNA 
sONE and eNOS mRNA were shown 
in Table 1, and glyceraldehydes-
3-phosphate dehydrogenase (GA- 
PDH) was used as reference gene. 
Non-template controls were run to 
test for DNA-contaminated prim-
ers. Real-time reactions were run 
and analyzed by using a Real-Time 
PCR system (BIO-RAD, Hercules, 
California, USA). The melting curves 
for PCR samples were made to 

Table 1. The sequences of the primers used for qRT-PCR
Primer Sequences (5’-3’)
lncRNA sONE Forward GCAAGGAGAGGAGATGCTGATGGC

Reverse GCAGTTCTCAGGCTCGTGATCG
eNOS Forward TGAGACCTTCTGTGTGGGAGAG 

Reverse CGGATTGTAGCCTGGAACAT
GAPDH Forward GTG GAT ATT GTT GCC ATC AAT GAC C

Reverse GCC CCA GCC TTC TTC ATG GTG GT
Rat-lncRNA sONE Forward GCG GGG ACT CAC CAA GAG GTT GGC C

Reverse TGG CAC ACC CAC AAT GGC AGC CAC C
Rat-eNOS Forward GCA CAG GAA ATG TTC ACC TAC A
 Reverse GGT CCA GCC ATG TTG AAT ACA G
Rat-GAPDH Forward ACA GCA ACA GGG TGG TGG AC

Reverse TTT GAG GGT GCA GCG AAC TT

guarantee amplification of the correct genes. 
The amplification was used to calculate the CT 
value (ΔCT) of the target genes and the differ-
ence between the ΔCT of those genes and 
GAPDH gene. In addition, the equation 2-ΔΔCT 
was used to determine the relative amount of 
mRNA in specific target genes. 

Statistical analysis

Data were reported as mean ± SD of at least 
three independent experiments. Comparisons 
among multiple groups were made by analysis 
of variance (ANOVA) using SPSS 16.0. P < 0.05 
and P < 0.01 were considered statistically 
significant.

Results 

Effects of different salt concentration and L. 
barbarum diets on SBP and BW of BHRs

SBP of rats receiving high salt diet was signifi-
cantly higher than that of rats in control group 
and low salt group from 19 to 25 weeks (P < 
0.05). There was no significant difference of 
SBP between low salt and control group (P > 
0.05) (Figure 1A). With L. barbarum diet  
treatment for 4 weeks, the SBP of rats in high 
salt + L. barbarum group exerted significant 
decline in comparison with that in high salt 
group (P < 0.05) and recovered to the normal 
level at 25 weeks old (Figure 1A). The BW of 
rats fed low salt diet showed slight decrease 
compared with other groups at 19 weeks of age 
(P < 0.05), while there was no statistical differ-
ence among 4 groups at other period (P > 0.05) 
(Figure 1B). 
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Alternations of mRNA levels of lncRNA sONE 
and eNOS in rat renal vascular endothelial 
cells 

The relative mRNA level of lncRNA sONE in 
renal vascular endothelial cells of high salt 
group was significantly higher than that of other 
groups (P < 0.05). The declined expression of 
lncRNA sONE was observed in BHRs receiving 
L. barbarum diet compared with high salt 
(Figure 2A). The expression of eNOS increased 
apparently after L. barbarum treatment, and its 
expression level in salt + L. Barbarum group 

was higher (P < 0.01) than that in other groups 
(Figure 2B). 

Effects of NaCl and LBP on the expression lev-
els of lncRNA sONE and eNOS in HUVEC

LncRNA sONE expression in HUVEC was signifi-
cantly up-regulated at 1 h after NaCl treatment 
(P < 0.05), while the elevated expression dra-
matically declined and returned to normal level 
with addition of LBP (Figure 3A). The markedly 
increased expression of eNOS was observed in 
HUVEC at 1 h treated by high salt (P < 0.05) and 

Figure 1. Effects of high salt (8% NaCl), low salt (0.015% NaCl), medium salt (0.25% NaCl) and high salt + L. bar-
barum diets on (A) systolic blood pressure and (B) body weight of borderline hypertensive rats from 5 to 25 weeks 
old. Data are mean ± SD of 4 female and 4 male rats in each group. *P < 0.05 and **P < 0.01 indicate significant 
differences.

Figure 2. Effects of high salt (8% NaCl), low salt (0.015% NaCl), medium salt (0.25% NaCl) and high salt + L. bar-
barum diets on the relative expression levels of (A) lncRNA sONE and (B) eNOS mRNA in renal vascular endothelia 
cells of BHR model rats at 25 weeks of age. Data are mean ± SD (n = 6). *P < 0.05 and **P < 0.01 indicate sig-
nificant differences.
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it was reverted by LBP treatment (Figure 3B), 
while there was no significant difference at 
other time points between both treatments. 

Discussion

Salt-sensitive hypertension is highly sensitive 
to sodium chloride intake [18]. In this study, 
salt-sensitive hypertension was successfully 
induced by 12-week high salt diet in BHR 
model. L. Barbarum was found to have anti-
hypertensive effect, as it reduced the increased 
SBP induced by high salt diet to normal level. 
The expression level of lncRNA sONE was 
upregulated in renal vascular endothelial cells 
of rat model with salt-sensitive hypertension as 
well as high salt-treated HUVEC, indicating 
lncRNA sONE might be involved in the patho-
genesis of salt-sensitive hypertension. How- 
ever, L. barbarum could suppress the elevated 
lncRNA sONE expression in vivo and in vitro. It 
was speculated that the anti-hypertensive 
effect of L. barbarum might be via down-regu-
lating expression of lncRNA sONE.

L. barbarum has been widely used as health 
food or one component of traditional medicine 
for thousands of years in China and other orien-
tal countries. In several earlier studies, it has 
been reported to have various functions, includ-
ing anticancer [19], immunomodulatory [20], 
antioxidant [21], and neuroprotective [22]. In 
addition, orally administrated LBP could effi-
ciently protect the pressure-induced loss of 
retinal ganglion cells (RGCs) [14], while LBP 
also exerts protection of RGCs in a mouse 
model of acute ocular hypertension [15]. In the 
present study, the dietary 8% NaCl intake was 

able to induce an increase in systolic pressure 
as those previously observed in BHR model or 
hypertensive parent [17]. However, daily feed-
ing L. barbarum could revert the elevated blood 
pressure without effect on body weight of 
hypertension rat. It was indicated that L. bar-
barum also has potential to ameliorate blood 
pressure in the salt-sensitive hypertension 
BHR model. 

NO synthesis by the vascular endothelium is 
extremely important to control blood pressure 
in humans [23]. In addition, disruption of the 
eNOS gene can lead to hypertension in mouse 
[24]. These previous results strongly implicate 
that the eNOS gene is essential for hyperten-
sion. However, the majority of hypertensives 
are salt sensitive and the molecular basis of 
salt-sensitive hypertension remains unclear 
[25]. Blood pressure of salt sensitivity mice 
deficient in eNOS exhibits a 2.5-fold increase 
compared with wild-type controls in response 
to high salt intake, suggesting that eNOS is also 
an important regulator of salt sensitivity hyper-
tension [26]. In the present study, high salt diet 
did not induce significant change in expression 
level of eNOS in BHR renal vascular endothelial 
cells in comparison with low or salt normal 
diets, while eNOS expression was dramatically 
up-regulated in salt-sensitive hypertension rat 
fed L. barbarum. In previous study, relaxin can 
also ameliorate salt-sensitive hypertension by 
increasing eNOS expression [18]. Moreover, 
nicorandil treatment significantly lower blood 
pressure, which is accompanied by an increase 
in eNOS expression in the kidneys [27]. 
Therefore, it was speculated that L. barbarum 
lowered blood pressure and ameliorated salt-

Figure 3. Effects of 150 mM NaCl and 500 μg/mL L. barbarum polysaccharides (LBP) on the relative expression 
levels of (A) lncRNA sONE and (B) eNOS mRNA in Human umbilical vein endothelial cells (HUVEC). Data are mean ± 
SD (n = 6). *P < 0.05, NaCl vs. NaCl + LBP.
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sensitive hypertension by up regulating the 
expression level of eNOS in vascular endotheli-
al cells. However, the elevated eNOS expres-
sion was not observed in HUVEC after LBP. 
Other bioactive components from L. barbarum, 
tissue specific expression or additional reasons 
may be involved, probably deserving further 
investigation. 

NOS mRNA in endothelial cells is highly stable, 
as a protein complex containing translation 
elongation factor 1-alpha 1 (eEF1A1) binding to 
its 3’ untranslated region (UTR) to maintain the 
stability [28]. LncRNA NOS3AS (sONE deriving 
from NOS3AS) may competitively inhibit the 
protein complex binding to 3’ UTR of eNOS 
mRNA, or its binding with eNOS mRNA impedes 
the formation of the protein complex to nega-
tively regulate eNOS expression [29]. Our 
results showed that the expression levels of 
lncRNA sONE in were higher in renal vascular 
endothelial cells of salt-sensitive hypertensive 
rats and HUVEC with high salt treatment than 
that in the other groups, suggesting that lncRNA 
sONE might also be an important correlation 
factor for salt-sensitive hypertension. However, 
the increased lncRNA sONE expression could 
be downregulated by L. Barbarum treatment in 
vivo and in vitro. Therefore, it was audaciously 
inferred that L. Barbarum improved the expres-
sion of eNOS via suppressing lncRNA sONE 
expression, exerting anti-hypertensive effect 
on salt-sensitive hypertension. Whereas, chan- 
ges of eNOS protein level and local NO level 
have not been detected yet, which deserve fur-
ther study.

In summary, these experimental findings reveal 
that L. barbarum L. can lower blood pressure 
by downregulating the expression of lncRNA 
sONE in the salt-sensitive hypertension BHR 
model.
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