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Abstract Dopamine D, receptor (D,R) activation triggers
both G protein- and (-arrestin-dependent signaling. Biased
D,R ligands activating (3-arrestin pathway have been pro-
posed as potential antipsychotics. The ability of D,R to
heteromerize with adenosine A,4 receptor (A,AR) has been
associated to D,R agonist-induced {3-arrestin recruitment.
Accordingly, here we aimed to demonstrate the A, 4R depen-
dence of D,R/{3-arrestin signaling. By combining biolumines-
cence resonance energy transfer (BRET) between {3-arrestin-2
tagged with yellow fluorescent protein and bimolecular lumi-
nescence complementation (BiLC) of D,R/A; AR homomers
and heteromers, we demonstrated that the D,R agonists
quinpirole and UNC9994 could promote [3-arrestin-2 recruit-
ment only when A,,R/D,R heteromers were expressed.
Subsequently, the role of AR in the antipsychotic-like activity
of UNC9994 was assessed in wild-type and A,y R~ mice ad-
ministered with phencyclidine (PCP) or amphetamine (AMPH).
Interestingly, while UNC9994 reduced hyperlocomotion in
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wild-type animals treated either with PCP or AMPH, in
A, ARf/ " mice, it failed to reduce PCP-induced hyperlocomotion
or produced only a moderate reduction of AMPH-mediated
hyperlocomotion. Overall, the results presented here reinforce
the notion that D,R/A,4R heteromerization facilitates D,R f3-
arrestin recruitment, and furthermore, reveal a pivotal role for
A, AR in the antipsychotic-like activity of the (3-arrestin-biased
DR ligand, UNC9994.

Keywords Functional selectivity, biased ligand, dopamine D,
receptor - Adenosine A, receptor - Oligomerization -
[-arrestin - BRET

Introduction

Schizophrenia is a severe mental disorder that affects approxi-
mately 1% of the general population [1]. It is characterized by
positive (e.g., delusions, hallucinations), negative (e.g., social
withdrawal, lack of emotional expression), and cognitive symp-
toms, which are typically of lifelong duration [2]. Current treat-
ment is based on dopamine D, receptor (D,R) antagonists or
weak partial agonists, which may block the excessive dopami-
nergic activity in the mesolimbic pathway thought to underlie
positive symptoms [3]. Antipsychotics are classified into typi-
cal and atypical (or first and second generation, respectively)
drugs, based on their side-effect profiles. Typical antipsychotics
are effective in reducing positive, but not negative, symptoms,
but prone to cause severe Parkinson-like motor side effects, so-
called extrapyramidal symptoms. Atypical antipsychotics have
lower propensity to disturb motor function, but while effective
against positive symptoms, still fail to adequately address neg-
ative and cognitive symptoms [2, 3].

D;R is coupled to several intracellular signaling pathways,
including the classical G;,, pathway and the more recently
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discovered [(3-arrestin pathway, each of which can be activated
to varying extents by different D,R ligands [4]. Recent studies
found that current antipsychotics are antagonists or partial
agonists at both the G- and the {3-arrestin pathways [5,
6]. It was further suggested that antipsychotic efficacy might
be conferred by modulation of (3-arrestin signaling, while a
reduction of G;-pathway activity would be responsible for
extrapyramidal symptoms. Interestingly, by modifying the
scaffold of the partial agonist antipsychotic, aripiprazole, a
new series of D,R selective ligands, the “UNC family,” was
recently developed [7]. These ligands act as partial agonists
for -arrestin recruitment, without eliciting G protein-
dependent signaling, and show antipsychotic-like efficacy
and low propensity for motor inhibition in preclinical animal
models assessing potential antipsychotic activity [8, 9]. Since
[3-arrestin expression is higher in cortex compared to the stri-
atum, it was suggested that these ligands, by means of their
partial agonist activity at (3-arrestin recruitment, may exert
agonist activity preferentially in cortical areas [9], offering a
potential avenue towards simultaneously treating the striatal
hyperdopaminergia and cortical hypodopaminergia believed
to underlie positive and negative symptoms, respectively.

It is well established that direct receptor-receptor interac-
tions between D,R and A;AR occur in striatal medium spiny
neurons, which modulate the output of striatal circuitry [10,
11]. In addition, D,R/A, AR oligomerization has been shown
to favor (3-arrestin recruitment in heterologous systems [12,
13]. Hence, here we aimed to test whether the antipsychotic-
like effects of one member of the UNC family, UNC9994,
might involve A;sR-dependent, D,R-biased signaling.
Accordingly, we first designed a robust methodology, based
on bimolecular luminescence complementation (BiLC) and
bioluminescence resonance energy transfer (BRET) to test
the impact of A;AR expression on D,R signaling bias. and
thereafter, we examined the effects of UNC9994 in pharma-
cological mouse models of psychosis both in wild-type (WT)
and A, R-deficient (A,,R ") mice.

Materials and Methods

Reagents

The ligands used were amphetamine (AMPH), CGS21680,
quinpirole, phencyclidine (PCP) from Tocris Bioscience
(Bristol, UK), and UNC9994 from Axon Medchem B.V.
(Groningen, the Netherlands).

Plasmid Constructs

To perform BiLC, we used two complementary fractions of the

Rluc8 (Renilla luciferase 8) protein (L1 and L2) kindly provid-
ed by Dr. J.A. Javitch (University of Columbia, NY, USA).

Both fractions were extracted from its template by digestion
with Xhol and Xbal restriction enzymes, and inserted in a
pcDNA3.1 vector (pcDNA3.1-L1 and pcDNA3.1-L2).
Subsequently, the complementary DNA (cDNA) encoding
D,R [14] and A, AR [15] were amplified by a polymerase chain
reaction using the following primers: FD2RHind (5'-GCCA
AGCTTATGGTCCTTCTGTTGATCCTGTCAG-3') and
RD2REco (5-CCGGAATTCGGCAGTGGAGGATCTTC
AG-3") and FA2AHind (5-GCCAAGCTTATGGTCCTTCT
GTTGATCCTGTCAG-3") and RA2AXho (5'-GCGC
TCGAGAGGACACTCCTGCTCCATCC-3"). Finally, the dif-
ferent PCR products were subcloned into the HindIII/EcoRI or
HindIIl/Xhol sites (for D,R and A,AR, respectively) of the
above-mentioned pcDNA3.1-L1 and pcDNA3.1-L2 vectors.
On the other hand, for BRET experiments, we also used G-
proteins and (3-arrestin-2 constructs containing a yellow fluo-
rescent protein (YFP): Gy ' and G ", kindly provided by
Dr. J.P. Vilardaga (University of Pittsburgh, Pittsburgh, USA),
and B-arrestin-2""" [12].

Cell Culture and Transfection

Human embryonic kidney (HEK)-293 T cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM) (Sigma-
Aldrich, Saint Louis, MO, USA) supplemented with 1 mM
sodium pyruvate, 2 mM L-glutamine, 100 U/mL strepto-
mycin, 100 mg/mL penicillin, and 5% (v/v) fetal bovine
serum at 37 °C and in an atmosphere of 5% CO,. HEK-
293 T cells growing in 25-cm? flasks or six-well plates
containing 18-mm coverslips were used for BRET or fluo-
rescence imaging, respectively. Cells were transiently
transfected with the cDNA encoding the specified proteins
using polyethylenimine (Polysciences Inc., Warrington,
PA, USA).

Bioluminescence Resonance Energy Transfer
Measurements

BRET experiments in HEK-293 T cells were performed as
previously described [16]. In brief, HEK-293 T expressing
the indicated constructs were rapidly washed, detached,
and resuspended in HBSS buffer (137 mM NaCl, 5 mM
KCl, 0.34 mM Na,HPO,, 0.44 mM KH,PO,, 1.26 mM
CaCl,, 0.4 mM MgSOy,, 0.5 mM MgCl,, 10 mM HEPES,
pH 7.4) containing 10 mM glucose. Cell suspensions (20 pg
of protein) were distributed in 96-well microplate plates, in-
cubated with the corresponding ligands, and finally, BRET
was determined, after adding 5 pM h-coelenterazine
(NanoLight Technology, Pinetop, AZ, USA), in a POLARSstar
Optima plate reader (BMG Labtech, Durham, NC, USA) as
previously described [16].
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Animals

CD-1 mice (Charles River Laboratories) and A;AR ™ mice de-
veloped in a CD-1 genetic background [17] (animal facility of
University of Barcelona) of around 3 months old were used. The
University of Barcelona Committee on Animal Use and Care
approved the protocol. Animals were housed and tested in com-
pliance with the guidelines described in the Guide for the Care
and Use of Laboratory Animals [18] and following the European
Union directives (2010/63/EU). All efforts were made to mini-
mize animal suffering and the number of animals used. All ani-
mals were housed in groups of five in standard cages with ad
libitum access to food and water and maintained under 12-h
dark/light cycle (starting at 7:30 AM), 22 °C temperature, and
66% humidity (standard conditions). Behavioral testing was per-
formed in mice aged 2—3 months and between 2 and 7 PM.

Locomotor Activity

Horizontal locomotor activity was studied in an open-field are-
na measuring 30 x 30 cm, made from plywood, and painted
black. Following i.p. injection with UNC9994 dissolved in
physiological saline supplemented with 10% Tween-80 and
7.3% DMSO, or vehicle (VEH), animals were placed in the
arena for an initial habituation period of 30 min, after which
the animals were injected (i.p.) with 6 mg/kg PCP or 3 mg/kg
AMPH (both dissolved in saline) and immediately returned to
the arena for another 60 min. Locomotion was recorded by a
camera placed above the arena and analyzed using Imagel
(National Institutes of Health, Bethesda, MD) together with
an automated tracking plug-in (SpotTracker; Ecole
Polytechnique Fédérale de Lausanne, Switzerland).

Statistics

The number of samples/animals () in each experimental con-
dition is indicated in figure legends. Statistical analysis was
performed by Student’s ¢ test and by two-way ANOVA
followed by Bonferroni’s multiple comparison post hoc test.
Statistical significance is indicated for each experiment.

Results

A number of strategies have been designed to study biased GPCR
signaling [19]. Here, we developed a novel approach to assay G-
and [3-arrestin signaling from the D,R/A,AR oligomer.
Accordingly, we used a BILC/BRET assay, in which a BRET pro-
cess between G-proteins/[3-arrestin and receptors takes place only
when receptors interact in close proximity (Fig. 1). Noteworthy, this
kind of approach was first described as complemented donor-
acceptor resonance energy transfer (CODA-RET), in which
BRET was engaged after complementation of Rluc (the two
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complementary halves of Rluc separately fused to two different
receptors) and YFP fused to a G, subunit [20]. We first assessed
bicomplementation of the donor molecules by determining lumines-
cence after transfection of the corresponding D,R and/or A;pR
forms containing complementary RLuc fragments. Thus, we
transfected increasing concentrations of RLucl and RLuc2-contain-
ing proteins (AoaR™'/A,xR™, D,R*/D,R™, A,AR“/D,R™) in a
1:1 ratio and observed a BRET saturation bell-shaped curve in all
cases (Supplementary Fig. 1a). Similarly, we examined accep-
tor molecules (Gus' ' s Goi 'y B-arrestin-2Y"F) to achieve
similar fluorescence levels (Supplementary Fig. 1b). Once
donor and acceptor molecules had been characterized, we per-
formed the BiLC/BRET assay by co-transfecting the constructs
and challenging transfected cells with selective agonists (Fig. 1).
First, we examined the ability of A;sR/AsaR and D,R/D,R
homodimers to interact with G5 and G; proteins, respectively.
Both the adenosine A,5R agonist CGS21680 (100 nM) and
D,R agonist quinpirole (100 nM) could recruit G, and Gy
proteins to A, ARY/A,AR™ and D,R“/D,R™ homodimers, re-
spectively (Fig. 2a, b). Of note, the former single doses of
CGS21680 and quinpirole were chosen as those eliciting similar
emission levels (Supplementary Fig. 2), and used for subse-
quent experiments. Next, we assessed whether the effects of
selective agonists were affected upon D,R/A;AR oligomeriza-
tion. We observed that CGS21680-induced G,''" and
quinpirole-induced Gu;"*" recruitment produced emission
levels like those obtained with the respective receptor
homodimers (Fig. 2a, b), indicating that G-protein signaling
was not modified when receptors heterodimerized. We then
followed the same approach to evaluate the interaction of both
homodimers and heterodimers with (3-arrestin-2. Notably, both
the A, oR™'/A,AR™ homodimer and the A,\R™'/D,R" hetero-
dimer recruited {3-arrestin-2 when challenged with CGS21680,
inducing a comparable BRET signal (Fig. 2c). Thus, although it
cannot be excluded that the ability of A, AR to recruit [3-arrestin-
2 could be affected upon D,R expression, we did not observe
significant changes in the present conditions. Conversely, only
the A,AR“//D,R™ oligomer but not the D,R"/D,R™ homodi-
mer interacted with -arrestin-2 when challenged with
quinpirole (Fig. 2d). Overall, these results indicate that A,,R
co-expression increased the ability of D,R to signal via the (3-
arrestin pathway.

As described above, a series of 3-arrestin-biased D,R li-
gands, namely, the UNC family, has been shown to have
antipsychotic-like activity [8, 9]. Therefore, we aimed to elu-
cidate whether the activity of these UNC compounds is A, 4R
dependent. To this end, we selected UNC9994 as it was re-
cently demonstrated to be the most arrestin-selective drug,
both in terms of its incapacity to antagonize G protein-
dependent D,R signaling in vitro, and its antipsychotic-like
inefficacy in mice lacking (3-arrestin-2 in D,R-expressing
neurons [7]. Accordingly, we evaluated the UNC9994 ability
to selectively recruit (3-arrestin-2 upon A,sR expression by
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Fig. 1 Schematic representation
ofthe BILC/BRET assay. Agonist A, RU! D,RL2 A RY/D,RM
(blue triangles) binding to A;AR/
DR heterodimer complementing
two halves of the RLuc8 protein
(L1 and L2) prompted YFP- ->
tagge.d G-protein or 3-arrestin ..°
recruitment. The A,R/D,R .‘.. @
heterodimer interaction with G . L1+L2{ NS ®

. . . -protein /
either G-protein or (3-arrestin was ELoating B-arrestin 490 nm
monitored by BiLC/BRET. Red B-arrestin
circles indicate the lqciferase BIiLC BRET
substrate coelenterazine

535 nm

using our BiLC/BRET assay. Interestingly, UNC9994
(300 nM) [7] produced a significant (P < 0.05) BRET signal
between receptors and [-arrestin-2 only upon D>R-A,sR
heteromerization (Fig. 3). On the other hand, no BRET signal
was observed between D,R containing homodimers and hetero-
dimers with Gy;"'" (Fig. 3), as previously reported [7, 9].
Overall, UNC9994 (3-arrestin-2-biased signaling was also shown
to depend on AR expression in our heterologous system.
Subsequently, we next aimed to correlate the observed in vitro
functional selectivity with potential in vivo therapeutic effects in
pharmacological mouse models of psychosis. To this end, we
examined the ability of UNC9994 to reduce hyperlocomotion
induced by PCP (6 mg/kg) or AMPH (3 mg/kg) in WT and
AsAR™" mice. Of note, PCP- and AMPH-induced hyperactivity
have become frequently used rodent models of psychosis, and its
reversal by drugs is considered a useful measure for predicting
clinical antipsychotic activity [21-23]. Interestingly, while

10 mg/kg UNC9994 (i.p.) robustly reduced PCP-induced
hyperlocomotion in WT animals (Fig. 4a), it was ineffective in
A, ARf/f mice (Fig. 4b). Thus, when examining the cumulative
distance traveled (Fig. 4c), the two-way ANOVA analysis re-
vealed a significant effect of UNC9994 treatment [F(;,
37y = 17.54, P < 0.001], but not of genotype, and a significant
interaction between genotype and drug treatment [F(;_ 37, = 6.63,
P < 0.05]. Also, Bonferroni-corrected pairwise comparisons de-
tected a significant difference between UNC9994-pretreated WT
and A,AR™ animals (*P < 0.05), whereas no differences were
observed between vehicle (VEH)-pretreated WT and AaR
animals. Overall, only upon A,,R expression, an effect of
UNC9994 on reducing PCP-induced hyperlocomotion was ob-
served. On the other hand, we also assessed the effects of AMPH
on hyperlocomotion. Interestingly, UNC9994 (10 mg/kg, i.p.)
significantly reduced AMPH-induced hyperlocomotion both in
WT and A, R mice (Fig. 5a, b). However, a close view of
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Fig. 2 A;sR-dependent biased activation of the D,R. a, ¢ BRET was
measured in HEK293T cells co-expressing either Ay ARM/A, ARY?
homodimers or A,A\R'/D,R™ heterodimers as donors and Gus''" or
B-arrestin-2¥™F proteins as acceptors (as indicated in each panel), and
challenged with the selective A;aR agonist CGS21680 (100 nM). b, d
BRET was measured in HEK293T cells co-expressing either D,R""/

D,R™? homodimers or A,xR*!/D,R™? heterodimers as donors and
G ™" or p-arrestin-2¥™" proteins as acceptors (as indicated in each
panel), and challenged with the selective D,R agonist quinpirole
(100 nM). Data (expressed as arbitrary units (AUs)) represent the
mean + SEM of at least three independent experiments. Statistical
significance was assessed using a paired Student’s 7 test (*P < 0.05)
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Fig.3 UNC9994 as a [3-arrestin-2-biased D,R ligand in the BILC/BRET
assay. BRET was measured in HEK293T cells co-expressing either
D,RM/D,RY? homodimers or AyxR"/D,R™? heterodimers as donors
and G or |3—arrestin—2YF P proteins as acceptors (as indicated in
each panel), and challenged with UNC9994 (300 nM). Data (expressed
as arbitrary units (AUs)) represent the mean = SEM of at least three
independent experiments. Statistical significance was assessed using a
paired Student’s 7 test (*P < 0.05)

the results obtained showed that the effect of UNC9994 in
A>aR™" mice was lower than in WT mice. Accordingly, when
analyzing the cumulative distance traveled (Fig. 5c), the two-
way ANOVA revealed significant main effects of UNC9994
treatment (F(;, 36) = 32.25, P < 0.001) and genotype (F,
36) = 7.74, P < 0.01), but no significant interaction between ge-
notype and drug treatment. Also, Bonferroni-corrected pairwise
comparisons detected a significant difference between
UNC99%4-pretreated WT and A, AR animals (*P < 0.053),
whereas no such difference was observed between VEH-
pretreated WT and A,AR™ animals. Overall, the ability of

UNC9994 to block AMPH-induced hyperlocomotion was re-
duced in the absence of A,4R expression, thus supporting the
notion that A, 4R may lead to the biased activity of the D,R ligand.

Discussion

The development of drugs displaying antipsychotic efficacy
without extrapyramidal side effects is a major goal in drug
discovery. Biased D,R agonists triggering [3-arrestin activa-
tion without G-protein coupling have been postulated to be
potential antipsychotic candidates [7-9]. Interestingly, the
concept of functional selectivity or biased signaling has
emerged in recent years as a novel mechanism to optimize
drug therapeutic actions. Thus, functionally selective ligands,
by promoting distinct conformational rearrangements and
preferential activation of signaling pathways, may lead to dif-
ferent receptors’ signaling outcomes (for review, see [24-26]).
Accordingly, these kinds of drugs, by discriminating mecha-
nisms leading to therapeutic or undesired effects, may poten-
tially permit to achieve better benefit/risk balances. Here, we
assessed the impact of A;oR in the antipsychotic-mediated
effects of UNC9994, a D,R/[3-arrestin bias compound. Our
hypothesis was based on previous results indicating that
striatal allosteric D,R-A,AR interactions favor D,R 3-
arrestin-2 recruitment [12, 13].

We developed a new BiLC/BRET assay allowing the study
of D,R/A, 4R heteromer signaling. Thus, by using our
BiLC/BRET approach, we unequivocally demonstrated that
D,R agonist-mediated {3-arrestin-2 recruitment was AR de-
pendent. While our results are in agreement to those showing
D,R/A 4R heteromer-dependent, D,R agonist-mediated f3-
arrestin-2 recruitment [12, 13], we further demonstrated for
the first time the D,R/A;AR/[3-arrestin-2 trimeric formation
upon agonist challenge. Indeed, it has been reported that upon
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Fig. 4 Effects of the {3-arrestin-2-biased D,R ligand, UNC9994, on
PCP-induced hyperlocomotion in WT and A,AR™" mice. a, b PCP-
induced locomotor activity was assessed in WT and AyAR™ mice
(n = 10-12) either pretreated with vehicle (VEH) or UNC9994 (UNC).
VEH or UNC (10 mg/kg, i.p.) was administered immediately prior to
introducing the animals to the arena, whereas PCP (6 mg/kg, i.p.) was
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given at 30 min. ¢ Quantified locomotor activity in WT and AspR7
animals pretreated with VEH or UNC after PCP administration.
Significant differences were found between UNC-pretreated WT and
AsxR™ animals (*P;0.05, two-way ANOVA followed by Bonferroni-
corrected pairwise comparisons)
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Fig. 5 Effects of the [3-arrestin-biased D,R ligand, UNC9994, on
AMPH-induced hyperlocomotion in WT and A;,R™™ mice. a, b
AMPH-induced locomotor activity was assessed in WT and A, AR
mice (n = 10) pretreated with vehicle (VEH) or UNC9994 (UNC).
VEH or UNC (10 mg/kg, ip.) was administered immediately prior to
introducing the animals to the arena, whereas AMPH (3 mg/kg, i.p.)

certain experimental conditions (e.g., high D,R agonist con-
centrations or different D,R/{3-arrestin-2 ratios), the D,R is
able to signal through P-arrestin in an A,,R-independent
manner [9]. Nevertheless, the A,,R dependencies of D,R/
[3-arrestin-signaling under physiological conditions are yet
unexplored. Thus, we assessed the impact of A,4R in D,R/
[3-arrestin signaling in vivo by evaluating the UNC9994-
mediated antipsychotic-like effect in A, ,R-deficient mice.
Interestingly, our behavioral data point to a scenario in
which the striatal D,R/A,sR-[3-arrestin-2 module would
be involved in the antipsychotic-like effects of UNC9994.
Needless to say, although A,5R has a very restrictive lo-
calization in the brain, thus being mainly expressed in the
striatum and olfactory bulb [27], it cannot be excluded the
possibility that allosteric A,,R-D,R interactions in other
brain areas may participate in modulating the effects of
UNC9994. In the striatum, the A,AR exerts a fine-tuning
regulation of D,R activity [28], which among other mech-
anisms may involve the enhancement of {3-arrestin-2 re-
cruitment. In order to ascertain whether the in vivo actions
of a (-arrestin-biased ligand (i.e., UNC9994) was effec-
tively dependent on Aj;sR expression, we evaluated the
effects of UNC9994 on PCP- and AMPH-induced
hyperlocomotion in WT and A,oR™" mice. In agreement
with previous reports [7, 9], UNC9994 significantly reduced
both PCP- and AMPH-induced hyperactivity in WT mice.
Conversely, in A, AR_/ " mice, UNC9994 failed to block PCP-
mediated locomotor effects and partially inhibited AMPH-
induced hyperlocomotion when compared to WT animals.
Our findings may be considered within the framework of
the recent Urs and collaborator’s work [7]. Importantly, these
authors demonstrated that the action of UNC9994 was depen-
dent on (-arrestin-2 expression both in cortical and striatal
regions. Thus, although UNC9994 efficacy against PCP-
induced hyperlocomotion persisted in mice where 3-arrestin-2
had been selectively deleted in A, R-expressing neurons, a loss
of efficacy against AMPH-induced hyperlocomotion was

was given at 30 min. ¢ Quantified locomotor activity in WT and
A>4R”” animals pretreated with UNC or VEH after AMPH
administration. Significant differences were found between UNC-
pretreated WT and AZAR_/_ animals (*P < 0.05, two-way ANOVA
followed by Bonferroni-corrected pairwise comparisons)

observed in such animals, seemingly conflicting with the pres-
ent findings. However, these authors further demonstrated a
dual involvement of striatal and cortical mechanisms in medi-
ating the behavioral effects of both PCP and UNC9994. Thus,
PCP-induced hyperlocomotion was itself reduced when D,R
was deleted in A,,R-expressing neurons, and UNC9994 activ-
ity against PCP-induced hyperlocomotion persisted also when
[3-arrestin-2 was selectively deleted in prefrontal cortex. Hence,
some of the discrepancies observed between the present study
and that of Urs and collaborators may be explained by the fact
that several different brain regions (including cortical and
striatal) are involved in mediating the behavioral output. On
the other hand, it should be noted that although from our data
it might be inferred that the effects of UNC9994 regulating
locomotor activity are dependent both on A;sR and f3-
arrestin-2 expressed at GABAergic striatopallidal neurons,
A AR expression is not only circumscribed to the former neu-
rons. In such way, A;,Rs are also located at corticostriatal
terminals and astroglia tightly regulating glutamate transport
activity; thus, they may be involved on the control of
psychostimulant or psychomimetic-induced effects, as previ-
ously shown [29, 30].

In conclusion, the present study extended previous findings
regarding the influence of the A,AR over D,R signaling, and
found evidence for an important role of the A,AR in enabling
the arrestin-biased D,R ligand, UNC9994, to mediate
antipsychotic-like effects in two pharmacological mouse models
of psychosis. Indeed, these findings increase our understanding
of the role of D,R-A,4R interactions and may be valuable for
future drug development efforts targeting these receptors.
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