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 Background: The neuroinflammation of paraventricular nucleus (PVN) of the hypothalamus has been implicated in the de-
velopment of hypertension. The promoted invasion of peripheral immune cells into PVN may be attributed to 
the upregulation of chemokines, then exacerbating neuroinflammation. We studied the expressions of che-
mokines, activation of microglial cells, and inflammatory mediators in PVN of rats with stress-induced hyper-
tension (SIH).

 Material/Methods: SIH was induced by electrical foot shock combined with noise for 2 h twice a day, at an interval of 4 h for 14 
consecutive days. At the end of the 14th day, fresh PVN tissues were collected to measure the expressions of 
chemokines using the RayBiotech antibody array.

 Results: We are the first to report that the expression of CXCL7 was extremely high in PVN of control rats, and was sig-
nificantly lower in SIH rats. The expressions of CCL2 and CX3CL1 in PVN of SIH rats significantly exceeded those 
of control rats. The numbers of CX3CR1 (receptor of CX3CL1)-immunostained cells and oxycocin-42 (OX-42, 
marker of microglia)-positive cells increased in PVN of the SIH rats. The stress enhanced the protein expres-
sions of proinflammatory cytokines IL-6 and IL-17 and reduced those of anti-inflammatory cytokines TGF-b and 
IL-10 in PVN.

 Conclusions: In PVN of SIH rats, chronic stress induced neuroinflammation characterized by the activated microglia and up-
regulated proinflammatory cytokines. Expressions of chemokines CXCL7, CX3CL1, and CCL2 were altered. The 
causal link of chemokines to PVN neuroinflammation and hypertension remain to be determined.
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Background

Hypertension is one of the most common chronic diseases. It 
has high prevalence, disability, and mortality rates and has be-
come a major risk factor for the development of heart, brain, 
and kidney diseases. According to an updated summary of 
“Chinese Cardiovascular Disease Report 2018”, there were 245 
million hypertensive people in China [1]. The soaring preva-
lence rate of hypertension seriously threatens people’s health 
and causes huge social and family burdens.

The fast-paced, competitive lifestyle, long-term excessive work-
load, sustained tension, long-term emotional or mental pressure, 
and other psychological stresses can result in stress-induced 
hypertension (SIH) [2,3]. Accumulating evidence has proven 
that hypertension has the characteristics of neuroinflamma-
tion and sympathetic overactivity [4]. The neuroinflammation 
of paraventricular nucleus (PVN) of the hypothalamus plays an 
essential role in the development of hypertension. The cortico-
trophin-releasing hormone neurons in PVN project to either the 
rostral ventrolateral medulla or the sympathetic intermediolat-
eral nucleus of the spinal cord, and thus function as a critical 
cardiovascular and autonomic center controlling sympathetic 
activity. Microinjection of exogenous cytokines into PVN can el-
evate the sympathetic outflow and blood pressure [5,6]. In SIH 
rodents, the serum norepinephrine level or renal sympathetic 
discharge was increased, accompanied by the upregulation of 
proinflammatory cytokines [7–9]. Alleviating the neuroinflam-
mation of PVN in hypertensive rats attenuated hypertension 
by decreasing the serum norepinephrine level or sympathetic 
discharge [7,10,11]. The upregulation of proinflammatory cyto-
kines such as TNF-a in PVN can activate local neurons through 
the receptors expressed therein [12], and blocking the recep-
tors can suppress sympathetic overexcitation and reduce blood 
pressure [13]. Collectively, there is a direct causal relationship 
between the neuroinflammation of PVN and the augmenta-
tion of sympathetic activity or blood pressure.

Our previous study demonstrated that the activation of mi-
croglia in PVN of SIH rats contributed greatly to neuroinflam-
mation [7]. The innate microglia of the central nervous system 
(CNS) respond quickly to infection or inflammation. It is gener-
ally accepted that activated microglia can release proinflamma-
tory or anti-inflammatory cytokines, depending on the nature 
of the signals received. In SIH rats, the activated microglia in 
PVN mainly produce proinflammatory cytokines that promote 
inflammation and SIH [7]. In addition to resident microglia, the 
peripheral immune cells infiltrating into the brain are also in-
volved in neuroinflammation and the development of hyper-
tension [14]. Moreover, we have proven that the permeability of 
the blood-brain barrier in SIH rats increased and Th17 cells in-
vaded the parenchyma of PVN to secrete IL-17, which facilitated 
neuroinflammation and the development of hypertension [6].

Chemokines play crucial chemotactic roles in inflammatory re-
sponse, and induce immune cells to infiltrate and to accumu-
late in specific tissues [14]. When CNS is damaged, chemokines 
are released to bind chemokine receptors on the surface of 
microglia, inducing the aggregation and activation of microg-
lial cells at the damaged site. Meanwhile, activated microglia 
also release chemokines and recruit white blood cells in the 
peripheral blood to the damaged site, thereby further aggra-
vating the inflammatory response of CNS. Therefore, wheth-
er the infiltration of peripheral immune cells or the activation 
and aggregation of resident microglia in the brain can be at-
tributed, at least in part, to chemokines remains elusive. In 
this study, we used RayBiotech GSR-CAA-67 to detect cyto-
kines in PVN of SIH rats, focusing on the analysis of chemo-
kines involved in the neuroinflammation of PVN.

Material and Methods

Experimental animals and establishment of SIH model

Eighteen male Sprague-Dawley rats weighing 200-250 g were 
purchased from Shanghai Jiesijie Experimental Animal Co., Ltd. 
[Animal Production License: SCXK (Shanghai)-2018-0004, China]. 
Rat feeding and experimental methods have been previous-
ly described [6]. The rats were randomly divided into a con-
trol group (Sham) and a stress group (Stress) (n=9). All animal 
experiments were approved by the Animal Experiment Ethics 
Committee of Jiangsu Vocational College of Medicine and per-
formed in strict accordance with the guidelines for the care 
and use of experimental animals. The animals were acclimat-
ed to the housing facility for 3 days, followed by stress treat-
ment as previously described [7]. The stress group was sub-
jected to electric foot shock combined with buzzer noise for 2 
h twice a day at a 4-h interval for 14 consecutive days. Briefly, 
each rat was placed in an individual cage (22×22×28 cm) with 
a grid floor. Intermittent electric shocks (35–80 V, duration of 
50–100 ms) delivered every 2–30 s and/or noises (90–100 dB) 
produced by a buzzer were randomly controlled by a computer. 
The control group was placed in individual cages without re-
ceiving stressors. The systolic blood pressure (SBP) was mea-
sured every 2 days using the tail-cuff method while the rats 
were conscious. Each SBP measurement was repeated 3 times 
to obtain the average (Non-Invasive Blood Pressure System, 
CODA, USA). On the 14th day of modeling, all rats were anes-
thetized with chloral hydrate (0.3 ml of 10% solution per 100 g 
of body weight, intraperitoneally). Afterwards, the anesthetized 
rats were decapitated to obtain the brain tissues for western 
blot or RayBiotech antibody array. The anesthetized rats were 
transcardially perfused with 4% paraformaldehyde to collect 
brains for slicing and immunohistochemical (IHC) staining.
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Antibody array assay

At the end of modeling, the rats were killed by 10% chloral hy-
drate injection and decapitated, then the brains were quickly 
taken out, snap-frozen in liquid nitrogen, and stored at –80°C. 
PVN tissue was taken out from the brain as previously de-
scribed [7]. Rat cytokine antibody array GS67 (GSR-CAA-67, 
RayBiotech, USA) was used to detect cytokines in the pro-
tein extracts of PVN according to the manufacturer’s instruc-
tions. Briefly, protein extracts were diluted to 500 µg/ml with 
blocking buffer, added to the array pools printed with 75 cor-
responding anti-cytokine antibodies, and incubated overnight. 
After washing, a biotin-conjugated anti-cytokine mix was in-
cubated with the pools for 2 h. Finally, Cy3-conjugated strep-
tavidin was used for glass series arrays. Afterwards, the glass 
slides were scanned to detect the fluorescent signals of mi-
croarrays using InnoScan 300 microarray scanner (Innopsys, 
France). The membrane arrays were exposed to HRP-catalyzing 
chemiluminescent solution using an Image Quant LAS4000 
scanner (GE Healthcare, Waukesha, WI, USA). The signal val-
ues were read and normalized using an internal positive con-
trol by a RayBiotech analysis tool specifically designed to an-
alyze the data of rat cytokine antibody arrays.

Western blot

PVN tissue was obtained as described in subsection 1.2, and 
the protocol of western blot was the same as that previously 
reported [7]. Briefly, 200 μl of pre-cooled extraction reagent 
was added to the rat PVN sample. The extraction reagent was 
pre-added to 2 μl of protease inhibitor, 10% PMSF, and phos-
phatase inhibitor. The sample was homogenized and centri-
fuged in an ice bath, and the extracted protein solution was 
transferred into a new centrifuge tube. After protein concen-
tration was measured by the BCA method, the solution was 
added to 5× SDS-PAGE protein loading buffer and boiled at 
100°C for 10 min. Different samples of the same group were 
prepared into different loading volumes according to equal to-
tal protein amount, and appropriate buffer was finally added 
to make the sample volumes in different wells identical. Then, 
10% separation gel and 60 V constant voltage were first used 
for electrophoresis. When bromophenol blue entered the sep-
aration gel from the concentration gel, 120 V constant voltage 
was used for electrophoresis until the color reached the bot-
tom of the separation gel. Subsequently, proteins were trans-
ferred onto a PVDF membrane that was washed with TBST 
solution 3 times, 5 min each time. The membrane was then 
blocked with 5% milk in PBS-Tween 20 for 1 h, and incubated 
overnight at 4°C with mouse anti-IL-6 (ab9324, Abcam, UK; 
1: 1000), rabbit anti-IL-17 (PA5-79470, Invitrogen, USA;1: 500), 
rabbit anti-IL-10 (ab9969, Abcam, UK; 1: 1000), and rabbit an-
ti-TGF-b (ab66043, Abcam, UK; 1: 500) antibodies, respectively. 
Then, the membrane was washed 3 times (10 min each time), 

incubated with anti-rabbit or anti-mouse secondary antibod-
ies at room temperature for 60 min, washed, immersed in ECL 
solution for about 1 min, and photographed with a gel imag-
ing system. The bands were quantified by ImageJ software.

IHC staining

The experimental method was the same as that in our previ-
ous report [7]. After modeling, left ventricular perfusion was 
performed with 150-200 ml of cold normal saline and then 
with 150–200 ml of 4% paraformaldehyde (PFA). Straight limbs 
and cocked tail indicated good perfusion. At the end of perfu-
sion, the brain was quickly removed and placed in 4% PFA for 
48 h. After dehydration with 20% and 30% sucrose solutions, 
18-μm-thick continuous coronal slices were prepared with a 
freezing microtome (Leica CM 1850, Germany). Starting from 
the first slice with a PVN section (before and after the breg-
ma: –1.80 mm), 1 slice was taken over 3 in a head-to-tail or-
der, placed in 0.01 mol/L PBS containing 30% glycerol (pH 7.4), 
and stored at 4°C prior to use. The IHC staining process has 
been described previously [15]. In brief, the sections were im-
mersed in 30% H2O2/methanol (1: 50) solution to inactivate 
endogenous peroxidase, and incubated with rabbit anti-CX-
3CR1 (ab7201, Abcam, UK; 1: 100) and mouse anti-Integrin aM 
(OX-42) (sc-53086, Santa Cruz, USA; 1: 50) antibodies over-
night at 4°C, followed by incubation with biotin-labeled rabbit 
immunoglobulin G secondary antibody and streptavidin-biotin 
complex (SA1028, Wuhan Boster Biological Technology, Ltd., 
China) at room temperature for 30 min. The sections were vi-
sualized by 3,3’-diaminobenzidine, mounted with neutral res-
in, observed under an Olympus BX51 microscope (Japan), and 
photographed with a digital camera. Immunoreactive cells were 
counted using ImageJ software. The positive cells in 6 slices 
were counted for each rat brain, and the average was recorded.

Statistical analysis

All experimental data were statistically analyzed with GraphPad 
Prism 8.0 software and expressed as mean±standard devia-
tion (c

_
±SD), with n representing the number of rats. Univariate 

analysis between the 2 groups was conducted using the t test. 
P<0.05 was considered statistically significant.

Results

Stress elevated blood pressure and heart rate and 
activated microglia in PVN

The stress group rats had significantly higher blood pres-
sure (Figure 1A, n=9, P<0.01) and heart rate (Figure 1B, n=9, 
P<0.05) than those of the sham group. The microglia in PVN 
of SIH rats were activated, as evidenced by the increased 
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number of OX-42-positive cells in comparison with the sham 
group (Figure 1C, 1D, n=3, P<0.01). In addition, the cell body 
was larger and round, and the cellular processes were short-
ened (Figure 1C).

Stress changed chemokine expressions in PVN

To evaluate the influence of stress on chemokines, the 
RayBiotech antibody array GSR-CAA-67 was used to detect 
proteins in the PVN tissues from SIH and control rats. Among 
the 67 detected proteins, 11 chemokines with Protein IDs of 
MCP-1 (CCL2), MIP-1a (CCL3), RANTES (CCL5), Eotaxin (CCL11), 
CTACK (CCL27), CINC-1 (CXCL1), CINC-3 (CXCL2), CINC-2 (CXCL3), 
LIX (CXCL5), TCK-1 (CXCL7), and Fractalkine (CX3CL1) were an-
alyzed. As shown in Figure 2, the expression of CXCL7 was ex-
tremely high in PVN of control rats, which was significantly 
lower in SIH rats (n=3, P<0.01). The CCL2 expression in SIH 
rats was significantly higher than in control rats (n=3, P<0.05). 
Additionally, the expression of CX3CL1 was significantly higher 
in SIH rats compared with control rats (n=3, P<0.01).

Stress induced changes of inflammatory cytokines in PVN

The protein expressions of proinflammatory cytokines IL-6 and 
IL-17 and anti-inflammatory cytokines IL-10 and TGF-b in PVN 
were detected by western blot. As shown in Figure 3A and 3B, 
the expressions of IL-6 and IL-17 in PVN of SIH rats were sig-
nificantly higher but those of IL-10 and TGF-b were significant-
ly lower than those of the control group (Sham) (n=9, P<0.05; 
P<0.01). Furthermore, IHC staining of PVN showed that the ex-
pression of CX3CL1 receptor CX3CR1 in SIH rats was signifi-
cantly higher than in control rats (Figure 3C, 3D; n=3, P<0.05). 
CX3CR1-positive cells are small and gracile (Figure 3C) and 
CX3CR1 is a selective marker for microglia in the central ner-
vous system. Therefore, CX3CR1-positive cells in PVN are con-
sidered as microglia.
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Figure 1.  Changes in blood pressure, heart rate, and microglia in PVN. (A) Chronic stress increased blood pressure (n=9), ** P<0.01; 
(B) Chronic stress increased heart rate (n=9), * P<0.05; (C) Morphological changes of microglial cells in PVN (3V, third 
ventricle); (D) Statistical analysis of OX-42-positive cells (n=3), ** P<0.01.
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Discussion

In this study, stimulation using plantar shock combined with 
noise for 14 days raised the blood pressure and heart rate in 
rats. Also, chronic stress induced activation of microglia in PVN, 
upregulation of proinflammatory cytokines IL-6 and IL-17, and 
decrease of anti-inflammatory cytokines IL-10 and TGF-b, indi-
cating a neuroinflammatory state. We have previously report-
ed that cytokines such as IL-6 and IL-10 were double-labeled 
with a microglia marker Iba1 in PVN of SIH rats [7], suggest-
ing that the cytokines detected by western blot are secret-
ed from activated microglia. We found for the first time that 
the expression of CXCL7 was extremely high in PVN of con-
trol rats, which decreased significantly in SIH rats. The expres-
sions of CCL2 and CX3CL1 in PVN of SIH rats significantly ex-
ceeded those of control rats.

The upregulation of proinflammatory mediators in PVN is closely 
associated with hypertension in humans and rodents through 
the regulation of sympathetic outflow by changing the activ-
ity of neurons [16]. We have previously used minocycline to 
inhibit the activation of microglia in PVN, which reduced the 
levels of proinflammatory cytokines and prevented the pro-
gression of SIH [7]. The hypothalamic PVN neuroinflamma-
tion enhanced the activities of the sympathetic-adrenal me-
dulla system and hypothalamus-pituitary-adrenal (HPA) axis, 
which contributed to the progression of SIH in rats [15]. SIH 

progresses essentially through neuroinflammation caused by 
the activation of microglia in PVN [7]. However, the factors re-
sulting in the upregulation of proinflammatory cytokines in PVN 
that control cardiovascular activity remain unclear.

Neuroinflammation refers to chronic inflammation that occurs 
in the CNS. Under pathological conditions such as injury, isch-
emia, hypoxia, stress and immune abnormalities, the expres-
sions of proinflammatory cytokines, including chemokines in 
damaged brain regions, increases, forming an inflammatory 
environment which activates resident microglia [16]. In addi-
tion to resident microglia, the infiltrating peripheral immune 
cells including adaptive immune T lymphocytes and B lympho-
cytes, and macrophages in the brain can also release proinflam-
matory cytokines [17], thus aggravating inflammation of the 
brain and inducing chronic neuroinflammation. We previous-
ly found in SIH rats that Th17 cells invaded PVN and released 
IL-17, which induced elevation of blood pressure when inject-
ed to PVN [6]. The adaptive immune cells in distinct brain re-
gions were recruited by chemokines [14]. To assess the con-
tribution of chemokines to neuroinflammation in PVN of SIH 
rats, we performed cytokine antibody array assay for PVN tis-
sues. Of the 67 detected cytokines, 11 chemokines were ex-
pressed in PVN. Among them, CXCL7 had the highest expres-
sion, followed by CCL2 and then CX3CL1. In contrast, chronic 
stress significantly decreased CXCL7 expression but increased 
expression of CX3CL1 and CCL2 in PVN of SIH rats. Our results 
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demonstrated that stress changed the expressions of chemo-
kines in the brain, consistent with previous reports that chron-
ic stress promoted chemokine expressions in CNS [18]. In the 
brain, chemokines are constitutively expressed in vascular en-
dothelial cells, microglia, astrocytes, and neurons in physio-
logical conditions, which, however, are altered in pathological 

conditions [19,20]. It has been well documented that chronic 
stress induces the activation of microglia and upregulation of 
proinflammatory cytokines in rodent brain regions, including 
PVN, as presented in this study and previous reports [7,18], 
which could promote expression of chemokines in the cen-
tral nervous system [20,21]. Moreover, the upregulation of 
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chemokines in the brain is partly attributed to stress-induced 
overactivation of the HPA axis and sympathetic nervous sys-
tem [22], in turn exacerbating these stress responses. However, 
the cellular expression of chemokines in PVN needs to be ex-
plored and the causal relationship between chemokines and 
modulation of blood pressure remains unclear.

Microglia are resident immune cells of the CNS. In the resting 
state, microglia are branched, with small cell body, concentrat-
ed cytoplasm, and long or slender protrusions. In the activat-
ed state, microglial cells are amoeba-shaped, with enlarged 
round cell body and thick or short protrusions, as in PVN of 
SIH rats in the present study, suggesting that microglia are ac-
tivated under chronic stress. The microglia can express recep-
tors for a variety of cytokines, including chemokines. In the 
brain, CX3CR1 is almost exclusively present on microglia [23]. 
In this study, CX3CL1 was upregulated and microglia were ac-
tivated. In PVN of the SIH rats, CX3CL1 was upregulated. To 
investigate whether the activation of microglia was mediat-
ed by enhanced CX3CL1/CX3CR1 signaling, we measured the 
CX3CR1 expression on microglia in PVN. IHC staining showed 
that the microglial expression of CX3CR1 increased. Since mi-
croglia are the main source of proinflammatory cytokines in 
PVN of SIH rats [7], PVN neuroinflammation may be largely as-
cribed to enhanced CX3CL1/CX3CR1 signaling due to the up-
regulation of CX3CL1 and the increased microglial expression 
of CX3CR1. Ho et al. demonstrated that intracerebroventricular 
administration of CX3CR1 inhibitor AZD8797 inhibited CX3CR1-
microglia-mediated neuroinflammation in the nucleus tractus 
solitarii of fructose-induced hypertensive rats and attenuated 
the elevation of blood pressure [24], implying the involvement 
of microglia CX3CL1/CX3CR1 signaling in blood pressure regu-
lation. This signaling was also involved in the microglia activa-
tion and neuroinflammation of stress-induced depressed rats. 
The expressions of CX3CL1 and CX3CR1 increased in the hip-
pocampus and prefrontal cortex of the adult rats exposed to a 
chronic mild stress paradigm for 2 weeks [25]. Bollinger et al. 
found that chronic restraint stress induced microglial activation 
by elevating CX3CL1-CX3CR1 expression in the medial prefron-
tal cortex of male rats [26]. In stress-induced depressed mice, 
CX3CR1 gene knockout reduced the number of hippocampal 
microglia activated by stress, and significantly ameliorated de-
pression [27]. The lack of CX3CR1 in the microglia of mice pre-
vented the impairment of brain function and social behavior 
induced by chronic stress [28]. In short, the CX3CL1/CX3CR1 
axis is a key signaling pathway that activates microglia and 
regulates the microglial release of inflammatory cytokines in 
nervous system diseases. Although the CX3CL1/CX3CR1 sig-
naling system is well-established to cause the dysfunction of 
CNS by activating microglia, it can also protect brain function. 
The upregulated CX3CL1/CX3CR1 signaling protects neurons 
by releasing adenosine from activated microglia and regulat-
ing synaptic transmission [29]. Ragozzino et al. demonstrated 

that rapid administration of CX3CL1 reduced the excitatory 
postsynaptic potential [30]. The different effects of CX3CL1 
may be ascribed to the difference between its concentrations. 
Low-concentration CX3CL1 may work as a neuromodulator, 
whereas high-concentration CX3CL1 may play a proinflamma-
tory role [31]. Therefore, the effects of CX3CL1/CX3CR1 signal-
ing depend on changes in the local microenvironment of the 
nervous system [32].

Chemokine CCL2, also known as MCP-1, increased in PVN of 
SIH rats in the present study, in agreement with previous stud-
ies on the upregulation of CCL2 in hypertensive rats [33]. In 
addition, Wang et al. found that selective blockade of CCL2 re-
ceptor CCR2 reduced the blood pressure in rodent models of 
hypertension, further supporting the role of CCL2 in develop-
ment of hypertension [34]. The upregulation of CCL2 has also 
been linked to recruitment of peripheral immune cells into PVN 
of hypertensive rats [35]. Ataka et al. reported that chronic 
psychological stress stimulated the expression of CCL2 in the 
neurons of PVN and induced the infiltration of bone marrow-
derived microglia into PVN [36]. Moreover, CCL2-induced infil-
tration of bone marrow cells into PVN and differentiation into 
bone marrow-derived microglia have been demonstrated to 
contribute to hypertension [33]. Hence, the increase of CCL2 
in PVN of SIH rats may induce the chemoattraction of bone 
marrow-derived cells that expressed higher level of CCR2 than 
resident microglia and triggered an inflammatory cascade in 
PVN, thereby elevating the blood pressure. The repeated so-
cial defeat stress that induced anxiety selectively increased 
the CCL2 mRNA expression in mouse microglia [37], and mi-
croglial CCL2 may mediate the recruitment of inflammatory 
monocytes to the brain [37]. Accordingly, the upregulation of 
CCL2 in PVN may facilitate Th17 cell infiltration into PVN [6], 
but this requires further investigation.

CXCL7 was once thought to be released from platelet granules 
upon platelet activation, but has been found to be secreted 
by other cells. In the early stage of rheumatoid arthritis, sy-
novial macrophages transiently produce CXCL7 [38]. Pillai et 
al. reported that CXCL7 was expressed by monocytes cocul-
tured with stromal cells [39]. CXCL7 has mostly been found 
to be expressed in tumor cells to promote their proliferation 
or migration [40]. CXCL7 released by vascular endothelial cells 
has been identified as a chemoattractant for human neural 
stem cells, with its level rising in the cerebrospinal fluid in 
bacterial meningitis and neurosyphilis [41]. To the best of our 
knowledge, this is the first study to show that CXCL7 has an 
extremely high expression in PVN of rats, although such ex-
pression decreased upon SIH. By binding the cognate recep-
tor CXCR2, CXCL7 shows strong neutrophil chemotactic activ-
ity and orchestrates movement of neutrophils to the injured 
site, thus essentially regulating inflammation [42]. Recent stud-
ies revealed that chronic stress stimuli caused increase in the 
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hippocampal CXCR2 expression of depressed mice [18]. Overall, 
the upregulation of CXCL7 in PVN may recruit Th17 cells to 
PVN of SIH rats, as we previously reported [6] or directly ex-
cite PVN neurons that constitutively express CXCR2 [43], which 
consequently aggravates neuroinflammation, heightens sym-
pathetic tone, and increases blood pressure. Nevertheless, fur-
ther in-depth studies are required to confirm these effects of 
CXCL7/CXCR2 signaling.

Several limitations exist in this study. First, the cellular ex-
pression of chemokines CX3CL1, CCL2, and CXCL7 in PVN of 
SIH rats needs to be examined by co-staining the specific che-
mokine with Iba1 to reveal microglial sources of chemokines. 
Furthermore, the microglial release of chemokines needs inves-
tigation by culturing microglia with proinflammatory cytokines 
in vitro. More importantly, experiments with an administration 
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