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Abstract Anxiety disorders are one of the most epidemic and chronic psychiatric disorders. An incom-

plete understanding of anxiety pathophysiology has limited the development of highly effective drugs

against these disorders. GPR17 has been shown to be involved in multiple sclerosis and some acute brain

injury disorders. However, no study has investigated the role of GPR17 in psychiatric disorders. In a well-

established chronic restraint stress (CRS) mouse model, using a combination of pharmacological and

molecular biology techniques, viral tracing, in vitro electrophysiology recordings, in vivo fiber photom-

etry, chemogenetic manipulations and behavioral tests, we demonstrated that CRS induced anxiety-like

behaviors and increased the expression of GPR17 in basolateral amygdala (BLA) glutamatergic neurons.

Inhibition of GPR17 by cangrelor or knockdown of GPR17 by adeno-associated virus in BLA glutama-

tergic neurons effectively improved anxiety-like behaviors. Overexpression of GPR17 in BLA glutama-

tergic neurons increased the susceptibility to anxiety-like behaviors. What’s more, BLA glutamatergic

neuronal activity was required for anxiolytic-like effects of GPR17 antagonist and GPR17 modulated

anxiety-like behaviors via BLA to ventral hippocampal CA1 glutamatergic projection. Our study finds

for the first and highlights the new role of GPR17 in regulating anxiety-like behaviors and it might be

a novel potential target for therapy of anxiety disorders.
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1. Introduction
Anxiety disorders are one of the most epidemic and chronic
psychiatric disorders, such as generalized anxiety disorder, social
anxiety disorder, panic disorder and agoraphobia1-3. Anxiety dis-
orders are related to increasing economic burdens for society and
families and reduce the quality of life for individuals. However,
due to unclear etiology and pathogenesis, there has been no sub-
stantial breakthrough in the development of anxiolytic drugs in
recent years. Currently, the first-line pharmacological treatment
for most anxiety disorders is antidepressants, including selective
serotonin reuptake inhibitors and serotonin noradrenaline reuptake
inhibitors4. Unfortunately, these drugs have some disadvantages
such as slow onset, low efficacy, and significant adverse reactions,
greatly reducing patients’ medication compliance. Therefore,
exploring new targets of anxiolytics is urgently needed to treat
anxiety disorders more effectively.

GPR17 is a G-protein coupled receptor (GPCR), lacks
defined ligands, but responds to both nucleotide sugars and
cysteinyl leukotrienes which are two unrelated families of
endogenous ligands5-7. In our previous studies, we found that
cysteinyl leukotrienes and their receptors, particularly cysteinyl
leukotrienes receptors 1 are involved in regulating neurological
and psychiatric disorders such as Alzheimer’s disease and
depression8-12. Importantly, GPR17, as one of the receptors that
could be activated by cysteinyl leukotrienes, is highly expressed
in the central nervous system, especially oligodendrocytes and
neurons, whereas it is not expressed in astrocytes13. Numerous
researches have depicted that GPR17 is predominantly located in
oligodendrocyte cells of healthy brains and plays a stage-specific
role in the differentiation and maturation of oligodendrocyte
precursor cells14-17. It has been generally acknowledged that
GPR17 is a candidate target to treat the diseases of spinal cord
injury, multiple sclerosis and stroke18-22. In addition, some
studies have reported that GPR17 is highly expressed in neurons
of ischemic and traumatic brains, and is considered as a damage
sensor to regulate acute neuronal injury and late microgliosis23-
27. However, no studies have investigated the function and
neuron types expressing of GPR17 in psychiatric disorders.
Since anxiety disorders are the most common psychiatric dis-
orders, we intend to explore the role of GPR17 in anxiety
disorders.

In the present experiments, we applied a chronic restraint stress
model in which mice are induced anxiety-like behaviors28-31.
Using a combination of pharmacological and molecular biology
techniques, viral tracing, in vitro electrophysiology recordings,
in vivo fiber photometry, chemogenetic manipulations and
behavioral tests, we demonstrated for the first time that the
important role and function of GPR17 in the regulation of anxiety-
like behaviors, as well as the underlying mechanisms.

2. Methods and materials

2.1. Animals

Male C57BL/6J mice (6e8 weeks) were acquired from the
Medical Center of Yangzhou University (Yangzhou, China) and
housed in a stable environment with 22 � 2 �C temperature,
55 � 5% humidity and a 12-h/12-h light/dark cycle (lights on at
7:00 am) for 7 days before the experiment. Mice freely ate food
and drank water. All experiments were carried out in accordance
with the U.S. National Institutes of Health Guidelines and
approved by the Animal Ethics Committee of China Pharmaceu-
tical University (Nanjing, China).

2.2. Chronic restraint stress (CRS) model

We used the CRS model as previously described28-31. Each mouse
was individually acclimated in a homecage for 3 days before CRS.
Then the mouse was placed into the custom-made tube, in which
the mouse was not free to move but could breathe freely for 2 h a
day for 14 consecutive days. All tubes were cleaned with water
and disinfected with a 75% alcohol solution after each use.

2.3. Behavioral tests

All the mice were habituated to the experimental room 40 min
before the test. After each behavioral test, 75% ethanol was used
to clean the experimental apparatus. All the tests were performed
by a technician blinded to the treatment group and the data were
recorded using the video-tracking system (Jiliang, China). All the
heatmap plots were performed by ANY-maze (Stoelting, USA).

2.3.1. Open field test (OFT)
Each mouse was placed into the center of an open rectangle field
(50 cm � 50 cm � 40 cm) and allowed to explore the apparatus
for 6 min freely. The digital video-tracking system recorded the
time spent in the center and total distance in OFT.

2.3.2. Elevated plus maze (EPM) test
The apparatus (55 cm height) consisted of two open arms
(30 cm � 5 cm, without walls) and two closed arms
(30 cm � 5 cm, with 15 cm height walls). Each mouse was put
into the center of the apparatus and explored for 6 min. The video-
tracking system recorded the time spent in open arms and closed
arms, the entries of open arms and closed arms.

2.3.3. Novelty suppressed feeding (NSF) test
Each mouse suffered 24 h of fasting before the test. Then the
mouse was placed into one corner of the field
(50 cm � 50 cm � 40 cm) and a piece of food pellet was placed in
the center of the field. The video-tracking system recorded the
time when the mouse ate the pellet firstly and allowed the mouse
to explore up to 10 min. The mouse was immediately transformed
into the homecage when they initially bit the food. The weight of
the consumed food was recorded for 30 min.

2.3.4. Tail suspension test (TST)
Each mouse was suspended from a 50 cm high device by adhesive
tape. The test lasted for 6 min and recorded the duration of
immobility time.

2.3.5. Forced swim test (FST)
Each mouse was put into a transparent cylinder (20 cm in diam-
eter, 33 cm in height) filling with 20 cm-deep and 22e25 �C
temperature water. The test lasted for 6 min and recorded the
duration of immobility time.

2.3.6. Sucrose preference test (SPT)
The test consisted of three phases and mice were housed indi-
vidually during the test. First, the mouse was supplied with two
bottles of water for 24 h. Then, the water was replaced with 1%
sucrose solution for 24 h. At last, the mouse was supplied with a
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bottle of water and a bottle of 1% sucrose solution after the
deprivation of water for 24 h, and the locations of the two bottles
were changed every 6 h to avoid place preference and the 12-h
consumption of each bottle was recorded. SPT was calculated
according to Eq. (1):

The sucrose preference index Z Sucrose consumption/
(Sucrose þ Water consumption) (1)

2.4. Surgery and stereotaxic injection

Each mouse was anesthetized with 5% isoflurane (RWD Life
Science, China) for induction and 2.5% isoflurane for mainte-
nance. Then the mouse was positioned in a stereotaxic frame
(Harvard Apparatus, America). Specific viruses at a volume of
200 nL were microinfused into the target regions (50 nL/min) with
a microinjection pump (Harvard, USA). The microliter syringe
(Gaoge, China) was left at the injection site for 10 min to ensure
spreading virus totally after the microinjection. The coordinates of
each brain region were as follows: basolateral amygdala (BLA)
(AP, �1.45 mm; ML, �3.20 mm; DV, �4.9 mm), ventral hippo-
campal CA1 (vCA1) (AP, �3.28 mm; ML, �3.3 mm; DV,
�4.5 mm). AP, ML, DV represented the anterioreposterior,
medialelateral, dorsaleventral positions relative to the bregma.
Details of all Adeno-associated viruses were listed in Supporting
Information Table S1.

For specific knockdown of GPR17 in BLA glutamatergic neu-
rons, AAV2/9-CaMKIIa-Gpr17 shRNA-mCherry or the control
vector AAV2/9-CaMKIIa-NC shRNA-mCherry was bilaterally
injected into BLA.

For specific overexpression of GPR17 in BLA glutamatergic
neurons, AAV2/9-CaMKIIa-Gpr17-mCherry or the control vector
AAV2/9-CaMKIIa-NC-mCherry was bilaterally injected into BLA.

For monosynaptic anterograde tracing, AAV2/9-CaMKIIa-
mCherry which could spread anterogradely to the downstream
regions along the axons was bilaterally injected into BLA.

2.5. Cannula implantation and infusion of drugs

To identify the effects of the GPR17 antagonist on anxiety-like
behaviors of CRS mice, the cannulas (27 G, C.C Z 5.0 mm;
RWD Life Science, China) were implanted bilaterally into BLA.
After 3 days, cangrelor (0.5 nmol/per site, 1 nmol/per mouse)
(163706-36-3, Aladdin Bio-Chem Technology, China) was
injected through the cannulas once a day for 3 consecutive days
and continued to be injected once a day 30 min before the
behavioral tests.

To identify whether the anxiolytic-like effects of GPR17
antagonist depend on BLA glutaminergic neuronal activity or
vCA1 pyramidal neuronal activity, we bilaterally implanted can-
nulas (27 G, C.CZ 5.0 mm; RWD Life Science, China) into BLA
to inject cangrelor (0.5 nmol/per site, 1 nmol/per mouse) three
weeks after the 200 nL AAV2/9-CaMKIIa-hM3Dq-mCherry
injecting into BLA or vCA1.

To identify the effects of GPR17 antagonist on glutaminergic
neuronal activity and glutamate release in BLA, we bilaterally
implanted cannulas (23 G, C.C Z 5.0 mm; RWD Life Science,
China) into BLA to inject cangrelor (0.5 nmol/per site, 1 nmol/per
mouse) and inserted optical fibers (200 mm in diameter, NA
0.37, Inper, China) above the BLA three weeks after the 200 nL
AAV2/9-CaMKIIa-GCaMP6s or AAV2/9-hSyn-iGluSnFR injecting
into BLA.
To identify the effects of GPR17 antagonist on pyramidal
neuronal activity and glutamate level in vCA1, we bilaterally
implanted cannulas (27 G, C.C Z 5.0 mm; RWD Life Science,
China) into BLA to inject cangrelor (0.5 nmol/per site, 1 nmol/per
mouse) and inserted optical fibers (200 mm in diameter, NA
0.37, Inper, China) above the vCA1 three weeks after the 200 nL
AAV2/9-CaMKIIa-GCaMP6s or AAV2/9-hSyn-iGluSnFR injecting
into BLA.

2.6. Chemogenetic manipulations

For chemogenetic activation of BLA glutamatergic neurons or
vCA1 PyNs, 200 nL AAV2/9-CaMKIIa-hM3Dq-mCherry was
bilaterally injected into BLA or vCA1 and Clozapine-N-oxide
(CNO, 2 mg/kg, MedChemExpress, USA) was intraperitoneally
injected to activate the glutamatergic neurons.

2.7. Fiber photometry

For fiber photometry, 200 nL AAV2/9-CaMKIIa-GCaMP6s or
AAV2/9-hSyn-iGluSnFR was bilaterally injected into BLA. Three
weeks later, ceramic ferrule with optical fiber (200 mm in diam-
eter, NA 0.37, Inper, China) was bilaterally implanted above the
BLA or vCA1 and was fastened using denture base materials
(Sncdental, China). After implantation for 3 days, fiber photom-
etry was performed to record the calcium signals or glutamate
signals during the EPM test using the fiber photometry system
(Inper, China).

There were two excitation wavelengths, which were 470 nm
excited fluorescence signal and 410 nm as the control signal. The
original data were corrected by Inper Data Process software and
segmented according to behavioral events within individual trials.
The time point of entering the open arm was defined as 0 s and
the value of the signal between �5 s and 0 s was set to the
baseline. We analyzed area under curve (AUC) and the DF/F0

[Eq. (2)]:

DF/F0 (%) Z [(FeF0)/F0 � 100] (2)

which was performed with heatmaps and average plots by
MATLAB.

2.8. Immunofluorescence

Mice were anesthetized and perfused with PBS, followed by 4%
paraformaldehyde. Each mouse brain was collected and stored in
4% paraformaldehyde overnight and dehydrated in 30% sucrose
for 2 days.

For frozen slices, a freezing microtome (CM1950, Leica,
Germany) was used to cut coronal brain slices with a thickness of
25 mm. After blocking in 10% Donkey serum (SL050, Solarbio
Life Science, China) and 0.3% Triton X-100 (ST795, Beyotime,
China) for 1.5 h at room temperature, the brain slices were
incubated with primary antibodies, such as goat anti-GPR17 (1:50,
sc-74792, Santa Cruz Biotechnology, USA), mouse anti-CaMKIIa
(1:50, sc-13141, Santa Cruz Biotechnology, USA), chicken anti-
NeuN (1:500, ABN91, SigmaeAldrich, USA) and rabbit anti-c-
Fos (1:500, 226008, Synaptic Systems, Germany) in 4 �C over-
night. On the second day, the slices were washed three 5-min
washes in PBS and then incubated for 2 h with Alexa Fluor
594-conjugated secondary antibody and/or Alexa Fluor 488-con-
jugated secondary antibody (1:500, Yeasen Biotechnology, China)



Figure 1 CRS induces anxiety-like behaviors and increases GPR17 expression in BLA. (A) Experimental procedures. Statistical data of time in

open arms (B), open arms entries (C), time in closed arms (D) and closed arm entries (E) in EPM test (n Z 8). Statistical data of time in center

(F) and total distance traveled (G) in OFT (n Z 8). Representative heat-map plots in EPM test (H) and OFT (I). Statistical data of latency to feed

(J) and food consumption (K) in NSF test (n Z 8). (L) Representative images of GPR17 immunofluorescence staining in BLA, LA, CeA, mPFC,

NAc, BNST, aPVT and pPVT. Scale bars Z 100 mm. (M) Statistical data shows relative expression abundance of GPR17 in different brain regions

(n Z 4e10). (N) Schematic of extracting the BLA for Western blot assays (top) and representative bands of GPR17 expression in BLA (bottom).
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in the dark at room temperature. Nuclei were stained by DAPI
(C0065, Solarbio Life Science, China).

For paraffin slices, 4 mm coronal sections were prepared by
AiFang Biological (China). After warming at 60 �C for 40 min,
slices were dewaxed using xylenes for 20 min twice, ethanol for
5 min twice and 75% ethanol for 5 min once, then washed with
PBS. For antigen repair, the slices were heated in the microwave
oven under the condition of low-power heating for 8 min, keeping
warm for 7 min, and medium-low-power heating for 7 min with
TriseEDTA (G1207, Servicebio, China). After naturally cooled,
slices were washed three 5-min washes in PBS. Other steps of
blocking, primary antibody, secondary antibody and DAPI were
the same as those of frozen slices.

Paraffin slices were used to co-stain GPR17 with CaMKIIa
and other staining used frozen slices. All immunofluorescent im-
ages were obtained by fluorescence microscope (DM 2000, Lecia,
Germany). Then, the cell staining was counted using NIH Image J
software by an experimenter blinded to the treatment groups.
2.9. Western blot

For isolating different brain regions for Western blot, the extracted
brains were sectioned into 1 mm thick coronal slices by a mouse
brain matrix and these regions were identified according to the
mouse brain atlas under observation of stereomicroscope.
According to the weight of the target brain regions, we added lysis
buffer (BC 3710, Solarbio Life Science, China) to homogenize
total proteins and centrifugated the supernatants at 10,008 � g for
8 min at 4 �C to collect the protein. BCA kits (P0012S, Beyotime,
China) were used to measure the concentration of the protein. The
equal amount of protein was separated by SDS-PAGE for 90 min
and transferred onto a PVDF membrane (Merck, Germany). The
membranes were blocked by 5% skim milk for 2 h at room
temperature and incubated overnight at 4 �C with goat anti-
GPR17 (1:500, sc-74792, Santa Cruz, USA) or rabbit anti-b-
Tubulin (1:5000, BS 70187, bioworlde, China). After washing
three 5-min in TBST, the membranes were incubated with the
secondary antibodies (1:5000, HA 1006, Huabio, China) for 2 h.
Enhanced chemiluminescence detection reagents and a gel im-
aging system (Tanon, China) were used to observe the antibody-
reactive bands.
2.10. In vitro electrophysiology recordings

Mice were anesthetized with isoflurane and perfused with ice-cold
sucrose-based ACSF containing (in mmol/L): 40 NaCl, 4.5 KCl,
1.25 NaH2PO4, 25 NaHCO3, 148.5 sucrose, 10 glucose, 1 ascorbic
acid, 3 Na Pyruvate, 3 Myo Inositol, 0.5 CaCl2 and 7 MgSO4.
300 mm coronal slices containing BLA or vCA1 were sectioned in
ice-cold sucrose-based artificial cerebrospinal fluid using a
VT1200S vibratome (Leica, Germany) and then recovered in
warm artificial cerebrospinal fluid containing (in mmol/L): 125
NaCl, 4.5 KCl, 1.25 NaH2PO4, 25 NaHCO3, 15 sucrose, 15
glucose, 2.5 CaCl2 and 1.3 MgSO4 for 30 min at 35 �C. Before
recording, slices were allowed to cool in room temperature for at
(O) Quantitative analysis of GPR17 expression in BLA (nZ10). All da

***P < 0.001. Con, control; CRS, chronic restraint stress; EPM, elevated p

forced swim test; TST, tail suspension test; SPT, sucrose preference te

amygdala; mPFC, medial prefrontal cortex; NAc, nucleus accumbens; BN

thalamic nucleus; pPVT, posterior paraventricular thalamic nucleus.
least 30 min. All solutions were continually saturated with 95%
O2 and 5% CO2 before and during use.

For action potentials and rheobase recordings, AAV2/9-CaM-
KIIa-mCherrywas injected into BLA andwhole-cell current-clamp
modewas applied using pipettes (4e6MU, Sutter Instrument, USA)
filled with an internal solution containing (in mmol/L): 127 K-
gluconate, 13KCl, 4Mg3-ATP, 0.3Na3-GTP, 0.3EGTA, 10HEPES
and 10Na-phosphocreatine (pH 7.25, 290mOsm). Currents ranging
from�20 to 160 pAwere injected into BLA glutamatergic neurons
with a step of 20 pA to evoke action potentials. Rheobase was
defined as thevalue of current amplitude at which an action potential
was first evoked. Cangrelor (100 nmol/L) was applied to inhibit
GPR17.

For opto-evoked excitatory postsynaptic currents (oEPSCs)
recordings, AAV2/9-CaMKIIa-ChR2-mCherry was injected into
BLA to optogenetic activate BLA-vCA1 circuit, AAV2/9-CaM-
KIIa-EGFP was injected into vCA1 to label PyNs, and then
whole-cell voltage-clamp mode was applied with pipettes
filled with an internal solution containing (in mmol/L): 132.5
Cs-gluconate, 17.5 CsCl, 2 MgCl2, 0.5 EGTA, 10 HEPES, 4
ATP, 5 QX-314 (pH 7.25, 290 mOsm). vCA1 PyNs were
visualized by fluorescence microscopy (Olympus, Japan) and
held at �70 mV during recording. A 10 ms 470 nm light was
delivered to BLA glutamatergic terminals by an LED illuminant
(Mightex, Canada) under the control of Digidata 1550B (Axon,
USA) to arouse EPSCs. All traces were recorded by Clampex
11.1 (Molecular Devices, USA) using MultiClamp 700B
Commander (Axon, USA) and analyzed by Clampfit 11.1
(Molecular Devices, USA).

2.11. Statistical analysis

GraphPad Prism v9.3.1 was used to analyze all data. The two-tailed
unpaired Student’s t tests for two groups, one-way analysis of
variance (ANOVA) or two-way ANOVA with Bonferroni, Tukey
and LSD post hoc comparison test for multiple comparisons were
used. All experimental data were represented as mean � standard
error of the mean (SEM). Significance levels were indicated as ns
P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001.

3. Results

3.1. CRS induces anxiety-like behaviors and increases GPR17
expression in BLA

Firstly, we used CRS to induce the anxiety-like behaviors of mice.
As expected, we found that compared with the control mice, CRS
group mice exhibited significant anxiety-like behaviors in EPM,
OFT and NSF tests (Fig. 1AeK). Meanwhile, no significant dif-
ference in depression-like behaviors was evidenced by the un-
changed immobility time in FST and TST and the sucrose
preference in SPT between the two groups (Supporting
Information Fig. S1AeS1C). Moreover, the body weight of
CRS group mice continuously decreased from day 3 to day 14
(Fig. S1D). These results suggest that CRS successfully induced
anxiety-like behaviors in mice.
ta are expressed as the mean � SEM. ns P > 0.05; **P < 0.01;

lus maze; OFT, open field test; NSF, novelty suppressed feeding; FST,

st; BLA, basolateral amygdala; LA, lateral amygdala; CeA, central

ST, bed nucleus of the stria terminalis; aPVT, anterior paraventricular



Figure 2 GPR17 antagonist cangrelor ameliorates CRS-induced anxiety-like behaviors in mice. (A) Experimental procedures. (B) Repre-

sentative images of cannula site in BLA. Statistical data of time in open arms (C), open arm entries (D), time in closed arms (E), closed arm

entries (F) and heat-map plots (G) in EPM test (n Z 8). Statistical data of time in center (H), total distance (I) and heat-map plots (J) in OFT

(n Z 8). Statistical data of latency to feed (K) and food consumption (L) in NSF test (n Z 8). All data are expressed as the mean � SEM. ns

P > 0.05; *P < 0.05; **P < 0.01. Veh, vehicle; Sal, saline; Cang, cangrelor.
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We then detected the expression of GPR17 in different brain
regions related to anxiety after CRS. Immunofluorescence showed
that GPR17 expression was significantly increased only in BLA
after CRS exposure (Fig. 1L and M). Consistently, compared with
the control mice, the protein expression of GPR17 was also
dramatically elevated only in BLA after CRS (Fig. 1N, O and Fig.
S1E and S1F). Taken together, these data indicate that GPR17 in
BLA might be involved in anxiety-like behaviors.
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3.2. GPR17 antagonist cangrelor ameliorates CRS-induced
anxiety-like behaviors in mice

We then wondered whether inhibiting GPR17 in BLA ameliorates
the anxiety-like behaviors in CRS mice. After CRS, cannulas were
bilaterally implanted in BLA. Then, cangrelor was injected by
cannulas for 3 consecutive days. Different behavioral tests were
performed to detect anxiety-like behaviors and cangrelor
continued to be injected once a day 30 min before each behavioral
test (Fig. 2A and B). The results showed that cangrelor signifi-
cantly increased the time spent in open arms and entries of open
arms, while significantly decreased the time spent in closed arms
and entries of closed arms of CRS mice in the EPM test
(Fig. 2CeG). In addition, cangrelor significantly increased time in
the center and displayed no significant difference traveled in the
total distance of CRS mice in OFT (Fig. 2HeJ). Cangrelor
significantly reduced the latency to feed and had no influence on
the food consumption of CRS mice in the NSF test (Fig. 2K and
L). These data suggest that pharmacological inhibition of GPR17
Figure 3 CRS-induced anxiety-like behaviors are associated with upre

induce anxiety-like behaviors and then brains were collected to perform

NeuNþ and GPR17þ cells in BLA. Scale bars Z 100 mm. (B) Graph sh

GPR17þ cells in BLA (nZ 8). (C) Representative images for colocalizatio

Graph shows the percentage of CaMKIIaþ and GPR17þ colocalized cells

shows the number of GPR17þ and CaMKIIaþ colocalized cells in BLA (
in BLA ameliorates CRS-induced anxiety-like behaviors and
cangrelor has a prominently anxiolytic effect in mice.

3.3. CRS-induced anxiety-like behaviors are associated with
upregulation of GPR17 in BLA glutamatergic neurons

To determine which cell type of GPR17 takes part in anxiety-like
behaviors, we firstly detected the colocation of GPR17 with
neuron marker (NeuN) in BLA. Interestingly, we found that about
96.67% of GPR17-positive (GPR17þ) cells were labeled with
NeuN in BLA of naı̈ve mice (Fig. 3A and B). Furthermore, we
found that approximately 91.65% and 92.57% of GPR17þ cells
co-expressed with glutamatergic excitatory neuronal marker
calcium/calmodulin-dependent protein kinase II a (CaMKIIa) in
control and CRS group mice, respectively (Fig. 3C and D). More
importantly, the number of GPR17þ and CaMKIIa-positive
(CaMKIIaþ) colocalized cells was significantly increased in BLA
of CRS mice compared to control mice (Fig. 3C and E). These
findings suggest that GPR17 is mainly expressed in BLA gluta-
gulation of GPR17 in BLA glutamatergic neurons. CRS was used to

immunofluorescence. (A) Representative images for colocalization of

ows the percentage of NeuNþ and GPR17þ colocalized cells in total

n of CaMKIIaþ and GPR17þ cells in BLA. Scale bars Z 100 mm. (D)

or other cells in total GPR17þ cells in BLA (n Z 5e6). (E) Graph

n Z 5). All data are expressed as the mean � SEM. **P < 0.01.



Figure 4 Downregulation of GPR17 in BLA glutamatergic neurons alleviates anxiety-like behaviors in mice. (A) Experimental procedures. (B)

Schematic and representative images of viral injection site and expression in BLA. Scale bar Z 100 mm. (C) Representative images for

colocalization of mCherryþ and CaMKIIaþ cells in BLA. (D) The immunofluorescence graph shows about 94.17% CaMKIIaþ cells colocalized

with the mCherry þ cells (nZ 5). Scale barZ 100 mm. (E) Representative images for colocalization of mCherryþ (red) and GPR17þ (green) cells

in BLA. (F) Statistical data of the number of mCherryþ and GPR17þ colocalized cells in BLA (n Z 8). Statistical data of time in open arms (G),
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matergic neurons, which might be involved in the pathogenesis of
CRS-induced anxiety-like behaviors.

3.4. Downregulation of GPR17 in BLA glutamatergic neurons
alleviates anxiety-like behaviors in mice

In order to identify the role of GPR17 in BLA glutamatergic
neurons in CRS mice, we generated an adeno-associated virus
(AAV) vector carrying Gpr17-specific short hairpin RNA
(shRNA) and red fluorescent protein driven by glutamatergic
neuronal promoter (AAV-CaMKIIa-Gpr17 shRNA-mCherry),
which was bilaterally infused into BLA. 7 days after the AAV
injection, CRS was applied to induce anxiety-like behaviors and
then various behavioral tests were performed (Fig. 4A and B).
Firstly, we verified that about 94.17% CaMKIIa neurons colo-
calized with mCherry in BLA after injection of AAV-CaMKIIa-
Gpr17 shRNA-mCherry (Fig. 4C and D), demonstrating the AAV
is specific to glutamatergic neurons. Then, we found the number
of mCherryþ and GPR17þ colocalized cells and the protein levels
of GPR17 in BLAwere significantly decreased in the mice infused
with AAV-CaMKIIa-Gpr17 shRNA-mCherry, confirming GPR17
is downregulated in BLA glutamatergic neurons (Fig. 4E and F
and Supporting Information Fig. S2A and S2B). More impor-
tantly, we found GPR17 knockdown in BLA glutamatergic neu-
rons reversed the decrease of time in open arms and entries of
open arms and the increase of time in closed arms and entries of
closed arms in the EPM test (Fig. 4GeK), which was induced by
CRS. Moreover, GPR17 knockdown significantly increased time
in the center in OFT (Fig. 4L and N) and decreased the latency to
feed in the NSF test (Fig. 4O) in CRS mice. However, GPR17
knockdown did not alter the total distance traveled in the OFT
(Fig. 4M) and total food consumption in the NSF test (Fig. 4P) in
CRS mice. To sum up, these results demonstrate that specifical
knockdown of GPR17 in BLA glutamatergic neurons alleviates
CRS-induced anxiety-like behaviors.

3.5. Upregulation of GPR17 in BLA glutamatergic neurons
increases susceptibility to anxiety-like behaviors in mice

To further detect the role of GPR17 in BLA glutamatergic neu-
rons, we infused the AAV vector carrying Gpr17 with mCherry
driven by glutamatergic neuronal promoter (AAV-CaMKIIa-
Gpr17-mCherry) into the bilateral BLA of naı̈ve mice (Fig. 5A
and B). Firstly, we verified that about 92.13% CaMKIIa neurons
colocalized with mCherry in BLA after injection of AAV-CaM-
KIIa-Gpr17-mCherry (Fig. 5C and D), demonstrating the AAV is
specific to glutamatergic neurons. Then, we found the number of
mCherryþ and GPR17þ colocalized cells and the protein levels of
GPR17 in BLA were significantly increased in the mice infused
with AAV-CaMKIIa-Gpr17-mCherry, confirming GPR17 is
upregulated in BLA glutamatergic neurons (Fig. 5E and F and
Supporting Information Fig. S3M, S3N). Three weeks after the
AAV injection, various behavioral tests were performed
(Fig. S3A). We found that GPR17 overexpression only signifi-
cantly decreased the time in open arms, while there was no sig-
nificant change in other indicators in the EPM test of naı̈ve mice
open arm entries (H), time in closed arms (I), closed arm entries (J) and h

center (L), total distance traveled (M) and heat-map plots (N) in OFT (n Z
NSF test (n Z 8). All data are expressed as the mean � SEM. ns P > 0.
(Fig. S3BeS3E). In addition, GPR17 overexpression significantly
decreased time in the center in OFT and increased the latency to
feed in NSF test in naı̈ve mice (Fig. S3FeS3I). However, we
found that GPR17 overexpression combined with exposure to sub-
CRS (three-day CRS) exhibited distinct anxiety-like behaviors in
all indicators in EPM, OFT and NSF tests (Fig. 5GeP), and had no
significant difference in depression-like behaviors in TST, FST
and SPT (Fig. S3JeS3L). Together, these data reveal that over-
expression of GPR17 in BLA glutamatergic neurons increases the
susceptibility to anxiety-like behaviors in naı̈ve mice.

3.6. BLA glutamatergic neuronal activity is required for
anxiolytic-like effects of GPR17 antagonist

We hypothesized that the activity of BLA glutamatergic neurons is
critical to the anxiolytic-like effects of the GPR17 antagonist. To
address this question, we first used in vitro electrophysiology re-
cordings to detect the excitability of BLA glutamatergic neurons.
The AAV-CaMKIIa-mCherry was injected into BLA to label
glutamatergic neurons, action potentials and rheobase of gluta-
matergic neurons were recorded from BLA brain slices (Fig. 6A).
We found that the firing rate of BLA glutamatergic neurons was
significantly increased and the rheobase was dramatically
decreased in CRS brain slices compared to the control brain slices
(Fig. 6BeD), suggesting that BLA glutamatergic neurons were
activated after CRS. However, the presence of GPR17 antagonist
cangrelor reversed the changes (Fig. 6BeD).

Then, we used chemogenetic manipulation and in vivo fiber
photometry to keep track of the excitability of BLA glutamatergic
neurons in the EPM test (Fig. 6EeM). AAV-CaMKIIa-hM3Dq-
mCherry and AAV-CaMKIIa-GCaMP6s were injected into BLA,
7 days later, CRS was performed and cangrelor was injected into
BLA after intraperitoneally injecting CNO for 3 consecutive days.
During EPM test, in vivo fiber photometry was applied. We found
that the calcium signals of glutamatergic neurons in cangrelor-
treated mice were significantly decreased compared to the CRS
mice when the mice entered the open arms in EPM test, and these
were reversed by chemogenetic activation of BLA glutamatergic
neurons (Fig. 6HeJ). Furthermore, we used iGluSnFR to record
the glutamate release in BLA. Similarly, we found that the fluo-
rescence signals depicted a significant decrease in cangrelor-
treated mice when the mice entered the open arms in EPM test,
and these were reversed by chemogenetic activation of BLA
glutamatergic neurons in CRS mice (Fig. 6KeM).

Additionally, to further confirm the results, the number of c-Fosþ

cells in BLAwas stained after behavioral tests. we found the c-Fosþ

cells were significantly increased in CRS mice, and these were
reversed by cangrelor (Fig. 6N andO).And the increased c-Fosþ cells
were mainly glutamatergic neurons in BLA (Fig. 6P and Q). These
data suggest that BLA glutamatergic neuronal activity was increased
not only under basal conditions after CRS, but also during behavioral
tests when mice entered the open arms in EPM test and after
behavioral tests. Moreover, the GPR17 antagonist cangrelor reversed
these changes.

To investigate whether the activity of BLA glutamatergic
neurons would be sufficient for anxiolytic-like effects of
eat-map plots (K) in EPM test (n Z 8). Statistical data of time in the

8). Statistical data of latency to feed (O) and food consumption (P) in

05; *P < 0.05; **P < 0.01; ***P < 0.001.



Figure 5 Upregulation of GPR17 in BLA glutamatergic neurons increases susceptibility to anxiety-like behaviors in mice. (A) Experimental

procedures. (B) Schematic and representative images of viral injection site and expression in BLA. Scale bar Z 100 mm. (C) Representative

images for colocalization of mCherryþ and CaMKIIaþ cells in BLA. (D) The immunofluorescence graph showes about 92.13% CaMKIIaþ cells

colocalized with mCherry þ cells (n Z 4). Scale bar Z 100 mm. (E) Representative images for colocalization of mCherryþ and GPR17þ cells in

BLA. (F) Statistical data of the number of mCherryþ and GPR17þ colocalized cells in BLA (n Z 7). Statistical data of time in open arms (G),

open arm entries (H), time in closed arms (I), closed arm entries (J) and heat-map plots (K) in EPM test (n Z 9). Statistical data of time in center
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cangrelor. Mice were infused with AAV-CaMKIIa-hM3Dq-
mCherry into BLA. The cannulas were bilaterally implanted into
BLA after CRS. CNO was intraperitoneally injected 30 min
before injecting cangrelor into BLA for 3 consecutive days. Then,
the anxiety-like behaviors were measured by different behavioral
tests (Fig. 7A and B). The efficiency of AAV-CaMKIIa-hM3Dq-
mCherry was verified by immunofluorescence (Supporting
Information Fig. S4AeS4D). Compared to the CRS group, can-
grelor group mice displayed anxiolytic-like behaviors in EPM,
OFT and NSF tests (Fig. 7CeL). Whereas, chemogenetic activa-
tion of BLA glutamatergic neurons reversed the anxiolytic-like
effects of cangrelor in CRS mice (Fig. 7CeL). Taken together,
these data reveal that BLA glutamatergic neuronal activity is
required for anxiolytic-like effects of the GPR17 antagonist.

3.7. GPR17 modulates anxiety-like behaviors via BLA to vCA1
glutamatergic projection

The role of BLA in regulating anxiety-like behaviors is probably
related to other brain regions. Therefore, we injected AAV-
CaMKIIa-mCherry into BLA and found that BLA glutamatergic
neurons projected to infralimbic cortex, prelimbic cortex, bed
nucleus of stria terminalis, dorsal and ventral hippocampus and
lateral septal nucleus (Fig. 8AeC, Supporting Information
Fig. S5A). However, only the number of c-Fosþ cells in vCA1
was remarkably increased in CRS mice, without obvious alter-
ation in other regions, and these were reversed by cangrelor
(Fig. 8D, E and Fig. S5B and S5C). Moreover, we found the c-
Fosþ cells were PyNs and the number of c-Fosþ and PyNs co-
labeled cells in vCA1 was significantly decreased after injec-
tion cangrelor into BLA in CRS mice, suggesting vCA1 is a
major downstream of BLA and might involve in anxiety-like
behaviors regulated by GPR17 (Fig. 8F and G). To determine
whether glutamatergic transmission was involved in the modu-
lation of GPR17 in anxiety-like behaviors via the BLA-vCA1
circuit, we tested the effects of cangrelor on oEPSCs of the
BLA-vCA1 circuit. AAV-CaMKIIa-ChR2-mCherry was injected
into BLA for optogenetic manipulation of the BLA-vCA1 cir-
cuit and AAV-CaMKIIa-EGFP was injected in vCA1 to label
PyNs. After CRS, cangrelor was injected into BLA by cannulas
for 3 consecutive days and oEPSCs were recorded in vCA1
PyNs after blue light stimulation which could optogenetically
activate the BLA-vCA1 circuit (Fig. 8H). We found that blue
light stimulation (blue lines) evoked inward currents in vCA1
PyNs receiving BLA glutamatergic neurons projection and
increased amplitude of oEPSCs in CRS mice (Fig. 8I and J).
While, cangrelor remarkably decreased the amplitude of
oEPSCs in vCA1 PyNs of CRS mice (Fig. 8I and J), suggesting
the BLA-vCA1 circuit is glutamatergic transmission and is
regulated by GPR17. To further prove this finding, we infused
AAV-CaMKIIa-GCaMP6s or AAV-hSyn-iGluSnFR into BLA
and injected cangrelor into BLA for 3 consecutive days. We
found that the neuronal activity and glutamate release were
significantly increased in vCA1 PyNs of CRS mice, and these
were reversed by cangrelor (Fig. 8KeP). These data reveal that
GPR17 modulates BLA to vCA1 glutamatergic projection in
CRS mice.
(L), total distance (M) and heat-map plots (N) in OFT (n Z 9). Statistic

(n Z 9). All data are expressed as the mean � SEM. ns P > 0.05; **P <
To clarify the role of BLA to vCA1 glutamatergic projection in
GPR17-mediated anxiety-like behaviors, AAV-CaMKIIa-hM3Dq-
mCherry was bilaterally infused into vCA1. After CRS, the mice
were bilaterally implanted cannulas into BLA. CNO was intra-
peritoneally injected 30 min before cangrelor injected into BLA
for 3 consecutive days. Then, the anxiety-like behaviors were
measured by different behavioral tests (Fig. 9A and B). We found
that chemogenetic activation of vCA1 PyNs reversed the
anxiolytic-like effects of cangrelor in EPM, OFT and NSF tests
(Fig. 9CeL). Collectively, these data confirm that GPR17 mod-
ulates anxiety-like behaviors via BLA to vCA1 glutamatergic
projection.

4. Discussion

In this study, we found for the first time that the expression of
GPR17 was increased in BLA glutamatergic neurons of CRS-
induced anxiety-like mice. More importantly, we confirmed that
downregulation of GPR17 in BLA glutamatergic neurons allevi-
ated anxiety-like behaviors by inhibiting BLA glutamatergic
neuronal excitability, reducing the release of neurotransmitter
glutamate, and weakening the neural projection from BLA to
vCA1.

Anxiety disorders are classified as circuit disorders involving
numerous brain regions, such as medial prefrontal cortex, nucleus
accumbens, bed nucleus of the stria terminalis, paraventricular
nucleus of the thalamus, amygdala, etc.32-34. Our results showed
that CRS increased GPR17 expression in amygdala, especially
BLA, and pharmacological inhibition of GPR17 in BLA ame-
liorates CRS-induced anxiety-like behaviors. The amygdala, as
one of the key structures of the limbic system, includes the
basolateral, central, and lateral subregions. Many researches have
shown that the amygdala has an important role in the regulation
of emotional behaviors, such as anxiety, fear learning, and
depression35-37. Different subregions of the amygdala have
different cell types. The BLA contains about 85% glutamatergic
excitatory neurons and 15% inhibitory interneurons38-40. In this
study, we found that GPR17 was mainly located in BLA gluta-
matergic neurons. What’s more, specific knockdown of GPR17 in
BLA glutamatergic neurons by delivery of AAV-CaMKIIa-Gpr17
shRNA-mCherry alleviated anxiety-like behaviors and upregu-
lation of GPR17 in BLA glutamatergic neurons by delivery of
AAV-CaMKIIa-Gpr17-mCherry increased susceptibility to
anxiety-like behaviors in mice. These suggest GPR17 is involved
in CRS-induced anxiety-like behaviors, and BLA glutamatergic
excitatory neurons participate in GPR17-regulated anxiety-like
behaviors.

A large number of studies have implicated the glutamatergic
system is an important target for developing and treating anxiety
disorders. The increased glutamatergic neuronal activity has
been proven to enhance anxiety-like behaviors41-43. In particular,
many studies have reported the glutamatergic neurons in
amygdala take part in anxiety-like behaviors and inhibition of
the activity of BLA glutamatergic neurons improves anxiety-like
behaviors44-47. In this study, we found that BLA glutamatergic
neuronal activity was significantly increased not only under
basal conditions after CRS, but also during behavioral tests when
al data of latency to feed (O) and food consumption (P) in NSF test

0.01; ***P < 0.001.



Figure 6 BLA glutamatergic neuron activity and glutamate release are influenced by cangrelor in CRS mice. (A) Schematic of viral injection

and whole-cell patch-clamp recording in BLA (left) and representative image of location of electrode (right). Scale bar Z 100 mm. (B)

Representative traces of action potentials of BLA glutamatergic neurons in brain slices. (C) The firing rate of action potentials evoked by

depolarizing current pulses of 0e160 pA (n Z 10e11 glutamatergic neurons from 5 mice). ###P < 0.001 Con vs. CRS; *P < 0.05, **P < 0.01,

***P < 0.001 CRS vs. CRS þ Cang. (D) Statistical data of rheobase of BLA glutamatergic neurons (n Z 10e11 glutamatergic neurons from 5

mice). (E) Representative images of viral injection site and cannula site in BLA. Scale bar Z 100 mm. (F) Representative images for colocal-

ization of GCaMP6sþ and CaMKIIaþ cells in BLA. Scale bar Z 100 mm. (G) The immunofluorescence showes about 90.68% GCaMP6sþ cells

colocalized with CaMKIIaþ cells (n Z 5). (H) Schematic of viral injection, cannula implantation to inject cangrelor or saline and record Ca2þ
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signals in BLA. (I) Representative heatmap-plot and averaged traces of normalized Ca2þ fluorescence (DF/F ) � SEM (shades) in BLA glu-

tamatergic neurons. Time 0 is defined as the moment the mouse entered open arms in EPM test. (J) Statistical data of area under curve in BLA

glutamatergic neurons (nZ 5). (K) Schematic of viral injection, cannula implantation to inject cangrelor or saline and record glutamate signals in

BLA. (L) Representative heatmap-plot and averaged traces of normalized glutamate dynamics (DF/F ) � SEM (shades) in BLA neurons. Time

0 is defined as the moment the mouse entered open arms in EPM test. (M) Statistical data of area under curve in BLA neurons (n Z 5). (N)

Representative images for c-Fosþ cells in BLA. Scale bar Z 100 mm. (O) Graph shows the number of c-Fosþ cells in BLA (n Z 7). (P)

Representative images for colocalization of c-Fosþ and CaMKIIaþ cells in BLA. Scale bar Z 100 mm. (Q) Graph showing the number of c-Fosþ

and CaMKIIaþ colocalized cells in BLA (n Z 4). All data are expressed as the mean � SEM. *P < 0.05; **P < 0.01; ***P < 0.001.

Figure 7 Chemogenetic activation of BLA glutamatergic neurons reverses the anxiolytic-like effects of cangrelor in CRS mice. (A) Experi-

mental procedures. (B) Representative image of viral injection site and cannula site in BLA. Scale bar Z 100 mm. Statistic data of time in open

arms (C), open arm entries (D), time in closed arms (E) and closed arm entries (F) in EPM test (n Z 8). Statistical data of time in center (G) and

total distance (H) in OFT (n Z 8). Statistical data of latency to feed (I) and food consumption (J) in NSF test (n Z 8). Heat-map plot in EPM test

(K) and OFT (L). All data are expressed as the mean � SEM. ns P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 8 GPR17 modulates BLA to vCA1 glutamatergic projection. (A) Schematic diagram of virus injection. (B) Representative image of the

viral injection site. Scale bar Z 100 mm. (C) Representative images of axon terminals expressing mCherry in vCA1 originating from BLA

glutamatergic neurons. Scale bar Z 100 mm. (D) Representative images for c-Fosþ cells in vCA1. Scale bar Z 100 mm. (E) Graph shows the

number of c-Fosþ cells in vCA1 (n Z 10). (F) Representative images for colocalization of c-Fosþ and CaMKIIaþ cells in vCA1. Scale

bar Z 100 mm. (G) Graph shows the number of c-Fosþ and CaMKIIaþ colocalized cells in vCA1 (n Z 4). (H) Schematic of in vitro electro-

physiology recordings. (I) Representative tracks of oEPSCs in vCA1. (J) Statistical data of oEPSCs in vCA1 (nZ 12e13 PyNs from 5 mice). (K)

4802 Ruizhe Nie et al.



Figure 9 GPR17 modulates anxiety-like behaviors via BLA to vCA1 glutamatergic projection. (A) Experimental procedures. (B) Schematic

and representative images of viral injection site and expression in vCA1. Scale bar Z 100 mm. Statistic data of time in open arms (C), open arm

entries (D), time in closed arms (E) and closed arm entries (F) in EPM test (n Z 8). Statistic data of time in center (G) and total distance (H) in

OFT (n Z 8). Heatmap-plot in EPM test (I) and OFT (J). Statistic data of latency to feed (K) and food consumption (L) in NSF test (n Z 8). All

data are expressed as the mean � SEM. ns P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001.
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mice entered the open arms in EPM test and after behavioral
tests. More importantly, these were reversed by cangrelor, which
had an inhibitory effect on GPR1748,49. Furthermore, chemo-
genetic activation of BLA glutamatergic neuron activity reversed
the anxiolytic-like effects of cangrelor. These indicate that
GPR17 plays an important role in anxiety-like behaviors by
regulating the BLA glutamatergic neuronal activity. It has been
reported that GPR17 is activated by nucleotide sugars and cys-
teinyl leukotrienes, involving in the activation of desensitization
Schematic of virus injection, cannula implanted to inject cangrelor or salin

signals (top). Representative image of fiber site in vCA1 (bottom). Scale b

normalized Ca2þ fluorescence (DF/F ) � SEM (shades) in vCA1 PyNs. T

test. (M) Statistical data of area under curve in vCA1 PyNs (n Z 6). (N) S

saline for 3 consecutive days, and fiber implanted into vCA1 to record

(bottom). Scale bar Z 100 mm. (O) Representative heatmap-plot and av

(shades) in vCA1. Time 0 is defined as the moment the mouse entered op

neurons (n Z 6). All data are expressed as the mean � SEM. *P < 0.05
machinery which started with phosphorylation of agonist-
activated receptor by second messenger-dependent and/or
GPCR kinases (GRKs). Agonist-triggered phosphorylation of
GPCRs by GRKs primes the recruitment of the regulatory pro-
teins b-arrestins7,50. It is indeed known that b-arrestins play an
important role in GPCR signaling. They serve both to terminate
G protein-dependent signals and confer novel intracellular
properties to the receptor, by acting as adaptors or scaffolds for
other signaling proteins, such as signal-regulated kinases
e for 3 consecutive days and fiber implanted into vCA1 to record Ca2þ

ar Z 100 mm. (L) Representative heatmap-plot and averaged traces of

ime 0 is defined as the moment the mouse entered open arms in EPM

chematic of virus injection, cannulas implanted to inject cangrelor or

glutamate signals (top). Representative image of fiber site in vCA1

eraged traces of normalized glutamate fluorescence (DF/F ) � SEM

en arms in EPM test. (P) Statistical data of area under curve in vCA1

; **P < 0.01; ***P < 0.001.
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(ERKs)7,51. As substrates for ERK, potassium (Kþ) channels,
which are mainly composed of KCNQ2 and KCNQ3 subunits,
are phosphorylated by ERK and slowly inactivated in the ner-
vous system52. Therefore, we speculated that downregulation of
GPR17 could inhibit the GRKs/b-arrestins/ERKs pathway, acti-
vate Kþ channels, reduce firing rate of action potential and hence
decrease the glutamatergic neuronal activity. The mechanism of
GPR17 regulating neuronal activity will be investigated in our
future studies.

The BLA is a vital site that regulates emotional processes and
BLA dysfunction is regarded as a direct responsory to regulate
anxiety-like behaviors53. BLA neurons emit neural projections to
multiple brain regions. We have used viral tracing techniques to
find that infralimbic cortex, prelimbic cortex, bed nucleus of stria
terminalis, dorsal and ventral hippocampus and lateral septal nu-
cleus receive projections from the BLA glutamatergic neurons.
However, only the activity of vCA1 PyNs had a significant
enhancement in CRS mice and was reversed by cangrelor. These
suggest that GPR17 is involved in regulating anxiety-like behav-
iors through the BLA glutamatergic neuronal projection to vCA1
PyNs. The ventral hippocampus is one of the major brain regions
responsible for regulating mood and emotion. It has been reported
that activation of the BLA to ventral hippocampus circuit obvi-
ously aggravated anxiety-related behaviors47,54. In our study, we
confirmed the BLA to vCA1 glutamatergic projection. We found
the axonal calcium signals of BLA fibers in vCA1 and the
glutamate release in vCA1 undergo similar fluctuations to those in
BLA, and these were also regulated by GPR17. What’s more,
activation of BLA to vCA1 glutamatergic projection blocked the
anxiolytic-like effects of the GPR17 antagonist. These identify
GPR17 regulates anxiety-like behaviors through BLA to vCA1
glutamatergic projection.

5. Conclusions

Taken together, our study finds for the first and highlights the new
function of GPR17 in regulating anxiety-like behaviors. GPR17 in
BLA glutamatergic neurons participates in the etiopathogenesis of
anxiety disorders through BLA to vCA1 glutamatergic projection,
and it might be a novel potential target for the treatment of anxiety
disorders. Our research may enrich the pathogenesis of anxiety
disorders and provide new information for the potential thera-
peutic targets for anxiety disorders.
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