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Orphan G Protein—-Coupled Receptor GPRC5B
Controls Smooth Muscle Contractility and
Differentiation by Inhibiting Prostacyclin

Receptor Signaling

BACKGROUND: G protein—coupled receptors are important regulators
of contractility and differentiation in vascular smooth muscle cells (SMCs),
but the specific function of SMC-expressed orphan G protein—coupled
receptor class C group 5 member B (GPRC5B) is unclear.

METHODS: We studied the role of GPRC5B in the regulation of
contractility and dedifferentiation in human and murine SMCs in vitro and
in iISM-Gprc5b-KO (tamoxifen-inducible, SMC-specific knockout) mice
under conditions of arterial hypertension and atherosclerosis in vivo.

RESULTS: Mesenteric arteries from SMC-specific Gprc5b-KOs showed

ex vivo significantly enhanced prostacyclin receptor (IP)-dependent
relaxation, whereas responses to other relaxant or contractile factors were
normal. In vitro, knockdown of GPRC5B in human aortic SMCs resulted
in increased IP-dependent cAMP production and consecutive facilitation
of SMC relaxation. In line with this facilitation of IP-mediated relaxation,
iISM-Gprc5b-KO mice were protected from arterial hypertension, and this
protective effect was abrogated by IP antagonists. Mechanistically, we
show that knockdown of GPRC5B increased the membrane localization
of IP both in vitro and in vivo and that GPRC5B, but not other G
protein—coupled receptors, physically interacts with IP. Last, we show
that enhanced IP signaling in GPRC5B-deficient SMCs not only facilitates
relaxation but also prevents dedifferentiation during atherosclerosis
development, resulting in reduced plaque load and increased
differentiation of SMCs in the fibrous cap.

CONCLUSIONS: Taken together, our data show that GPRC5B regulates
vascular SMC tone and differentiation by negatively regulating IP
signaling.
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Clinical Perspective
What Is New?

¢ Orphan G protein—coupled receptor class C group
5 member B regulates membrane availability of the
prostacyclin receptor in human and murine vascu-
lar smooth muscle cells.

¢ In smooth muscle-specific Gprc5b knockout mice,
increased prostacyclin receptor signaling results in
facilitation of vascular relaxation and prevention of
smooth muscle dedifferentiation.

¢ These changes result in protection of smooth mus-
cle—specific Gprcsb-knockouts from arterial hyper-
tension and atherosclerosis.

What Are the Clinical Implications?

¢ Inhibition of the interaction between G protein—
coupled receptor class C group 5 member B and the
prostacyclin receptor might be beneficial in human
arterial hypertension and vascular remodeling.

est family of transmembrane receptors in eu-
karyotes; they transduce signals of numerous
physicochemical stimuli, including neurotransmitters,
hormones, local mediators, metabolic or olfactory cues,
and light." The human genome encodes =800 GPCRs,
the majority of them olfactory receptors.? For most of
the =360 nonolfactory GPCRs, the mechanism of ac-
tivation and biological function are well studied, but
>100 GPCRs still remain orphan; that is, their endog-
enous ligand is unknown .34
In the vascular system, the contractile tone of ves-
sels is crucially regulated by GPCRs. Vasoconstrictors
such as angiotensin Il (Angll), endothelin-1, and sphin-
gosine 1-phosphate act through their respective G, ,,, -
and G_,,-coupled GPCRs to facilitate phosphorylation
of the regulatory myosin light-chain MLC20, thereby
enhancing actomyosin contractility.>® In contrast, G-
coupled GPCRs such as the prostacyclin receptor (IP),
the B, adrenergic receptor (8,AR), or the prostaglandin
E2 receptors EP2 and EP4 were shown to induce relax-
ant effects.>” As mechanisms underlying G_-dependent
relaxation, CAMP-dependent reduction of intracellular
calcium levels, hyperpolarization of the membrane po-
tential, and protein kinase A—dependent interference
with RhoA-mediated signaling were suggested.®? In ad-
dition to these immediate effects on vascular contractil-
ity, GPCRs modulate smooth muscle cell (SMC) differen-
tiation and inflammatory activation. G-coupled GPCRs
such as the sphingosine 1-phosphate receptor S1P, or
the apelin receptor promote SMC proliferation and mi-
gration through inhibition of cAMP production, which
results in enhanced transactivation of growth factor
receptors and induction of mitogen-activated protein

G protein—coupled receptors (GPCRs) are the larg-
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kinase signaling. The G_-coupled receptors IP and EP2,
in contrast, mediate antimigratory and antiproliferative
effects through enhancement of cAMP signaling.’®
Activation of the G_,, pathway finally promotes pro-
liferation and dedifferentiation, and activation of the
G,,,,; signaling pathway promotes expression of con-
tractile proteins and differentiation.®

To investigate local differences in smooth muscle
GPCR expression, we recently performed a single-cell
GPCR expression analysis in different types of vascular
SMCs and found that the repertoire of GPCRs expressed
in aorta and resistance arteries differed strongly: SMCs
from resistance arteries expressed significantly more
GPCRs than aortic SMCs, among them not only vari-
ous receptors for peptide hormones with known vaso-
regulatory function but also mRNAs encoding different
orphan GPCRs, for example, Gpr19, Gpr21, Mrgprf,
Gprc5b, Gprche, Gpri124, Gpr126, or Lphn1.'> Some
of these receptors, for example, the class C orphan
Gprchb, were also enriched in aortal SMCs that showed
signs of spontaneous dedifferentiation,’ which led us
to study the role of this orphan GPCR in SMC biology.

GPCR class C group 5 member B (GPRC5B) is a class
C orphan receptor with an expression that is induced
by retinoic acid.” Gprc5b, the murine gene encoding
GPRC5B, is strongly expressed in the central nervous
system, and global GPRC5B-deficient mice display
various neurological phenotypes such as behavioral
abnormalities’ and altered cortical neurogenesis.”™ In
addition, reduced obesity and obesity-associated in-
flammation have been described in Gprc5b knockout
(KO) mice.’ On the basis of mainly in vitro studies, it
was suggested that GPRC5B negatively regulates in-
sulin secretion'” and influences inflammatory cytokine
production and fibrotic activity in cardiac fibroblasts.'
The role of GPRC5B in SMC biology is unknown. Using
SMC-specific GPRC5B-deficient mice, we found that
GPRC5B critically regulates SMC responsiveness to the
vasorelaxant factor prostacyclin by regulating the intra-
cellular localization of the IP receptor.

METHODS

The data, analytical methods, and study materials will be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure. Detailed methods
are provided in the Data Supplement.

Experimental Animals

Gprc5b™ mice were generated from clone EPD0534_1_A10
(EUCOMM) and intercrossed with Myh171-CreERT2 mice'
to generate iSM-Gprc5b-KO (tamoxifen-inducible, smooth
muscle-specific KOs of Gprcsb). Mice were maintained
on a C57BL/6J background, and genetically matched Cre-
negative Gprcs5b™ mice were used as controls. Mice were
housed under a 12-hour light/dark cycle with free access to
food and water and under pathogen-free conditions. Animal
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experiments were approved by the Institutional Animal Care
and Use Committee of the Regierungsprasidium Darmstadt
and in accordance with Directive 2010/63/EU of the European
Parliament on the protection of animals used for scientific
purposes. Genotyping for Gprc5b was done with the primers
5'gctggaaggtttctecctct-3' and 5'aagagacaaccaccagacagg-3’,
resulting in band sizes of 361 for the wild-type allele and 478
bp for the floxed allele. For atherosclerosis experiments, mice
were crossed to the ApoE-deficient mouse line?® and kept on
high-fat diet (21% butter fat, 1,5% cholesterol; Sniff, Soest,
Germany) for 16 weeks. To allow flow cytometric isolation
of vascular SMCs, some mice also carried a Cre-dependent
fluorescent reporter construct (Rosa26flox-mT-stop-flox-Mg;
Jackson Laboratories, stock 007576%"). For induction of Cre-
mediated recombination, mice were treated on 5 consecutive
days with 1 mg tamoxifen intraperitoneally.'

Pressure Myography

Seven days after tamoxifen injection, first- and second-order
mesenteric arteries were removed from the mesentery and
were mounted between 2 glass micropipettes seated in a pres-
sure myograph chamber (Danish Myo Technology; 114P). The
external diameter of the artery was visualized and recorded
with a charge-coupled device camera using MyoView soft-
ware. Arterial segments were pressurized stepwise from 20 to
140 mm Hg. Myogenic tone was expressed as the percentage
of passive diameter [(passive diameter—active diameter)/pas-
sive diameterx100].

Wire Myography

Seven days after tamoxifen injection, first-order mesen-
teric arteries (2 mm) were removed from the mesentery,
mounted on a conventional myograph setup (610-M,
Danish Myo Technology), and kept in Krebs solution. After
a 30-minute recovery period and normalization, we deter-
mined contractile responses by cumulative administration
of the indicated agonists. All segments were exposed to
60 mmol/L K* Krebs solution to elicit a reference contrac-
tion. Vessel relaxation in response to cumulative addition of
cicaprost, iloprost, isoprenaline, sodium nitroprusside, and
acetylcholine was measured before contraction with phen-
ylephrine (10 pmol/L).

Telemetric Blood Pressure Measurements

Measurements were performed in conscious, unrestrained
mice with a radiotelemetry system (PA-C10; Data Sciences
International) as described previously.™ For the induction of
arterial hypertension, osmotic minipumps releasing Angll for
28 days (2000 ng-kg='-min~'; Alzet, Cupertino, CA) were
implanted subcutaneously on the back of 8- to 14-week-
old male mice under anesthesia with isoflurane and intraop-
erative/postoperative treatment with metamizole. In some
cases, on day 6 after tamoxifen injection (day 16 after Angll
pump implantation), mice received intraperitoneal injec-
tions of the IP antagonist Cay10441 (10 mg/kg, Cayman
Chemicals) or vehicle control. The individual changes in sys-
tolic blood pressure were evaluated from 30 minutes before
(=30) until 60 minutes after (+60) drug application; data are
displayed as averages from 30-minute intervals in 5 KO and
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5 controls (3 repeated applications of Cay10441 [10 mg/kg]
or vehicle per mouse). In the deoxycorticosterone acetate
salt model of arterial hypertension, mice were unilaterally
nephrectomized, and a deoxycorticosterone acetate pellet
(50 mg deoxycorticosterone acetate, 21-day release time,
Innovative Research of America, Sarasota, FL) was implanted
subcutaneously. After recovery, mice received drinking water
containing 1% (wt/vol) NaCl.

Statistical Analyses

Data are presented as mean+SEM. The following statistical
tests were used: unpaired or paired Student t test for com-
parisons between 2 groups, 1-way ANOVA with Tukey multi-
ple-comparisons test for multiple groups, 2-way ANOVA with
Tukey multiple-comparisons test for comparisons between 2
groups with different treatments, and 2-way repeated-mea-
sures ANOVA with Bonferroni or Sidak post hoc test for 2
groups over time. The “n” refers to the number of indepen-
dent experiments or mice per group. P values are indicated as
follows: *P<0.05, **P<0.01, and ***P<0.001.

RESULTS

Vascular Tone Regulation in iSM-Gprc5b-
KO Mice

Mice in which exon 2 of the Gprc5b gene was flanked
with loxP sites were generated from embryonic stem
cell clone EPD0534_1_A10 (EUCOMM) and bred to
Myh11-Cre/ERT2 mice, which express the tamoxifen-
inducible Cre/ERT2 fusion protein under control of
the SMC-specific Myh11 promoter in all vascular re-
gions.’ Western blotting of lysates prepared from the
smooth muscle layer of mesenteric arteries showed a
clear reduction of GPRC5B immunoreactivity in tamox-
ifen-treated Myh11-Cre/ERT2-positive Gprc5b™" mice
(henceforth iSM-Gprc5b-KO; Figure 1A). To allow iso-
lation of SMCs by fluorescence-activated cell sorting,
control mice and iSM-Gprc5b-KOs were further bred
to the Cre reporter line Gt(ROSA)26Sorm4AcTs-tdlomsto,-
EGFALuo 21 3and in vivo recombination was confirmed
by mRNA sequencing in enhanced green fluorescent
protein (EGFP)-expressing SMCs from skeletal muscle
vasculature (Figure 1B). To investigate vascular con-
tractility after SMC-specific inactivation of Gprchb,
we performed pressure and wire myography in mes-
enteric arteries 7 to 14 days after induction with
tamoxifen. Myogenic tone in pressure myography was
normal (Figure 1C), and contractile responses to the
a1-adrenergic agonist phenylephrine and the throm-
boxane A2 analog U46619, acting on the TP receptor,
were normal (Figure 1D and 1E). Vessel relaxation in
response to the 2 prostacyclin analogs cicaprost and il-
oprost, both acting on the IP receptor, was significantly
enhanced (Figure 1F and 1G), whereas relaxation in-
duced by the f,-adrenergic agonist isoproterenol or
the nitric oxide donor sodium nitroprusside was not
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Figure 1. Vascular reactivity in iSM-Gprc5b-KO (tamoxifen-inducible, smooth muscle-specific Gprc5b knockout) mice.

A, G protein—coupled receptor class C group 5 member B (GPRC5B) immunoreactivity in the media of mesenteric arteries obtained 7 to 14 days after the end

of tamoxifen induction from control mice (Gprc5b™") and iISM-Gprc5b-KOs (Myh11-Cre/ERT2;Gprc5b""). GAPDH was used as loading control. B, Library size-
normalized counts detected by mRNA sequencing in enhanced green fluorescent protein (EGFP)-expressing smooth muscle cells sorted from skeletal muscles of
tamoxifen-treated control mice and iSM-Gprc5b-KOs bred to a Cre-dependent EGFP reporter line. C, Myogenic contraction in response to increased pressure in
first-order mesenteric arteries from control mice and iSM-Gprc5b-KOs (n=4). D through 1, Dose-response curves of different vasoconstrictors (D and E) or vasodila-
tors (F through 1) were determined by wire myography in first- and second-order mesenteric arteries from control mice and iSM-Gprc5b-KOs. Numbers of mice
tested were n=7 (D), n=6 (E), n=4 (F), n=7 (G), n=4 (H), and n=3 (I) (1-5 vessels per mouse). J, Endothelium-dependent relaxation induced by acetylcholine (n=4).
All values are expressed as percentages of reference contraction induced by 60 mmol/L K* or 10 pmol/L phenylephrine (PE). Data are mean+SEM; differences
between genotypes were analyzed with the unpaired Student t test (B) or 2-way repeated-measures ANOVA and Bonferroni post hoc test (C through J). PDA
indicates passive diameter. *P<0.05. **P<0.01. ***P<0.001. ****P<0.0001.
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altered (Figure 1H and 1I). In addition, endothelium-
dependent relaxation induced by acetylcholine was not
altered (Figure 1J). Taken together, these data suggest
a selective enhancement of IP-mediated relaxation in
GPRC5B-deficient SMCs.

Enhanced IP-Mediated Signaling in
GPRC5B-Deficient SMCs

IP receptor-mediated SMC relaxation depends on Ga. -
mediated activation of adenylyl cyclase isoforms and
consecutive cAMP/protein kinase A—dependent reduc-
tion of intracellular calcium levels, cellular hyperpo-
larization, and suppression of RhoA/ROCK-mediated
inhibition of myosin phosphatase.®®° Together, these
changes result in reduced MLC20 phosphorylation
and, consecutively, reduced actomyosin contractility.
To test whether IP receptor-mediated cAMP produc-
tion was altered in GPRC5B-deficient SMCs, we per-
formed siRNA-mediated knockdown in human aortic

GPCR5B in Vascular Smooth Muscle Function

SMCs (hAoSMCs; Figure 2A). Basal and isoprenaline-
induced cAMP production did not differ between
knockdown and control, whereas iloprost-induced
cAMP production was enhanced after GPRC5B knock-
down (Figure 2B). We next investigated whether en-
hanced IP receptor-mediated cAMP production was
sufficient to reduce MLC20 phosphorylation (Figure 2C
and 2D). Stimulation of hAoSMCs with thromboxane
A, receptor agonist U46619 resulted in increased
MLC20 phosphorylation in both control and GPRC5B
knockdown cells, and this effect was strongly reduced
in knockdown cells by concomitant iloprost applica-
tion. In control cells, in contrast, iloprost caused only a
mild reduction of U46619-induced MLC20 phosphor-
ylation (Figure 2C and 2D). These data suggest that
GPRC5B deficiency results in a selective enhancement
of IP receptor signaling in murine and human SMCs.
This enhanced signaling was not caused by increased
expression of IP receptor on mRNA or protein level in
hAoSMCs or in murine SMCs (Figure 2E-2G).
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Figure 2. Enhanced prostacyclin receptor (IP)-mediated signaling after siRNA-mediated G protein-coupled receptor class C group 5 member B

(GPRC5B) knockdown (siGPRC5B) in smooth muscle cells (SMCs).

A, Efficiency of GPRC5B knockdown (kd) in human aortic SMCs (hAoSMCs) was evaluated by quantitative reverse transcription—polymerase chain reaction (all

data normalized to respective control; n=3). B, CAMP production in control and GPRC5B-kd hAoSMCs under basal conditions and after stimulation with isoprena-
line (Isopr.; 1 pmol/L) or iloprost (1 umol/L; n=4). C and D, Representative Western blot (C) and statistical evaluation (D) of MLC20 phosphorylation in control and
GPRC5B-kd hAoSMCs after addition of the thromboxane A, analog U46619 (1 pmol/L) for 1 minute and consecutive treatment with iloprost (1 pmol/L) for 3 min-
utes; GAPDH was used as loading control (n=5-7). E and F, mRNA (E) and protein (F) levels of prostacyclin receptor IP in control and GPRC5B-kd hAoSMCs (n=2-3).
G, mRNA levels of Ptgir (encoding IP) in primary SMCs from skeletal muscle (mSkSMC) of control mice and iSM-Gprc5b-KO (tamoxifen-inducible, smooth muscle-
specific Gprc5b knockout; n=2). Data are mean+SEM; comparisons between genotypes were performed with unpaired (A, D, E, and G) or paired (B) Student t test.
n Indicates number of independent experiments (A-F) or individual mice (G); and siContr, sample treated with scrambled control siRNA. *P<0.05. ***P<0.001.
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GPRC5B Controls IP Membrane
Localization in Human Embryonic Kidney
Cells

Given that total IP receptor levels were not altered in
GPRC5B-deficient SMC, we next investigated whether
GPRC5B modulates intracellular IP receptor traffick-
ing. To do so, human embryonic kidney (HEK) 293 cells
were transfected with plasmids encoding HA-tagged IP
receptor (HA-IP), and membrane expression of HA-IP
was detected by ELISA in nonpermeabilized cells after
knockdown or overexpression of GPRC5B. We found
that knockdown of GPRC5B enhanced HA-IP mem-
brane abundance, whereas overexpression of GPRC5B
decreased it (Figure 3A). Overexpression of other ran-
domly chosen GPCRs such as HCA2 or P2Y10 did not
affect IP surface expression (Figure 3B), and GPRC5B
overexpression did not affect cell viability (data not
shown). Immunofluorescence staining in permeabilized
cells overexpressing either HA-IP alone or in combina-
tion with Myc-tagged GPRC5B (GPRC5B-Myc) showed
that, in the absence of overexpressed GPRC5B, the IP
signal was found mainly in or close to the membrane,
here identified by wheat germ agglutinin, whereas in
cells coexpressing GPRC5B, the HA-IP signal was shifted
to intracellular regions (Figure 3C and 3D). This altered
cellular trafficking did not affect total IP protein levels
in HEK cells (Figure 3E and 3F), and the kinetic of ilo-
prost-induced internalization of remaining membrane-
targeted HA-IP was not changed (Figure 3G). GPRC5B
seems to be cointernalized with IP in response to ilo-
prost treatment (Figure 3H). To further define the sub-
cellular localization of intracellular GRPC5B and IP, we
performed costainings with the Golgi marker GM130,
endoplasmic reticulum (ER) marker calnexin, and endo-
some marker EEA1. We found that both GPRC5B-Myc
and HA-IP partially colocalized with the Golgi apparatus
and ER, whereas colocalization with endosomes was
less prominent (Figure 31 and 3J). To investigate how
coexpression of GPRC5B altered intracellular localiza-
tion of IP, we determined the Manders coefficients?? for
colocalization with the different organelle markers in
HA-IP single-transfected and HA-IP/GPRC5B-Myc dou-
ble-transfected cells. We found that coexpression of
GPRC5B significantly increased colocalization of HA-IP
with the Golgi marker GM130 and ER marker calnexin
but not with endosome marker EEA1 (Figure 3K), sug-
gesting that the presence of GPRC5B results in reten-
tion of IP receptor in Golgi and ER.

GPRC5B Controls IP Membrane
Localization in SMCs

To test whether enhanced membrane localization of
the IP receptor was also observed in GPRC5B-defi-
cient SMC, we determined surface IP expression in
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nonpermeabilized hAoSMCs using an antibody di-
rected against extracellular loop 3 of the IP receptor.
In line with our findings in HEK cells, we found that
GPRC5B-deficient hAoSMCs showed increased mem-
brane staining compared with control cells (Figure 4A
and 4B). We also investigated whether similar changes
were observed in resistance vessels of iSM-Gprc5b-KO
mice. Immunohistochemical analysis in small-diameter
arteries from skeletal muscle showed that the media of
iSM-Gprc5b-KOs, here identified by Cre reporter-me-
diated EGFP expression, showed significantly increased
immunoreactivity of extracellular loop 3 of the IP recep-
tor (Figure 4C and 4D).

GPRC5B Regulates IP Trafficking by
Physical Interaction

We next tested whether GPRC5B modulates IP recep-
tor trafficking by physical interaction. As tentative first
evidence, we observed that GPRC5B-Myc and HA-
IP signals localized to the same compartment with a
high Manders coefficient, indicating colocalization (Fig-
ure 5A). We then investigated whether GPRC5B could
be coimmunoprecipitated with IP. Western blotting of
proteins precipitated by anti-HA beads (HA pull-down
in Figure 5B) showed a Myc signal of the expected size
in lysates of cells coexpressing HA-IP and GPRC5B-Myc,
whereas no Myc signal was detected in cells coexpress-
ing a randomly chosen other orphan GPCR, in this case
the Myc-tagged adhesion GPCR GPR133 (Figure 5B).
A more systematic analysis of interactions between
prostanoid receptors and class C orphans showed that
HA-IP pull-down resulted in coimmunoprecipitation
not only of GPRC5B but also of GPRC5C, the second
smooth muscle—expressed member of the GPRC5 sub-
family (Figure 5C, left). In contrast, GPR156, another
class C orphan GPCR with lower homology to GPRC5B,
was not coprecipitated with IP (Figure 5C, left). We also
investigated whether GPRC5B and GPRC5C interacted
with other prostanoid receptors expressed in SMCs, for
example, the PGE, receptor subtype EP2 (Figure 5C,
right). Although HA pull-down was equally efficient in
EP2-HA—expressing cells, the amount of coimmunopre-
cipitated GPRC5B was clearly reduced, and no coimmu-
noprecipitation of GPRC5C was observed (Figure 5C,
right). These data suggest that in the HEK293 overex-
pression system, GPRC5B physically interacts with the
prostacyclin IP receptor and, although with lower effi-
ciency, with other prostanoid receptors such as the EP2
receptor. To further corroborate these interaction data,
we used dual-color fluorescence recovery after photo-
bleaching?® to test whether immobilization of the IP re-
ceptor, but not of other GPCRs such as ,AR, affected
lateral mobility of GPRC5B. To do so, HEK293 cells were
transfected with GPRC5B-mCitrine and either mTurg2-
IP or CFP-B,AR, and a large fraction of N-terminally
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Figure 3. G protein-coupled receptor (GPCR) class C group 5 member B (GPRC5B) controls prostacyclin receptor (IP) membrane availability in human
embryonic kidney (HEK) cells.

A and B, ELISA-based detection of HA-tagged IP receptor in the plasma membrane of HEK293 cells after siRNA-mediated knockdown (siGPRC5B) or overexpres-
sion (OE) of GPRC5B (A) or after OF of other GPCRs such as HCA2 or P2Ry10 (B; n=6-12). C, HEK293 cells cotransfected with HA-IP and GPRC5B-Myc were

first subjected to plasma membrane (PM) staining with wheat germ agglutinin (WGA), permeabilized, and stained with anti-Myc and anti-HA antibodies as

well as DAPI for nuclei. C, Exemplary photomicrographs showing the intracellular localization of HA-IP in cells expressing HA-IP alone (8) or in combination with
GPRC5B-Myc (*). D, Statistical evaluation of the HA-IP PM-to-cytosol ratio in GPRC5B-negative and -positive cells in € (n=7 view fields with neighboring IP alone/
IP+GPRC5B cells; total number of cells quantified, 17). E and F, Levels of endogenous IP receptor in HEK293 cells overexpressing GPRC5B (E, exemplary blot; F,
statistical evaluation of n=4). G, Internalization of surface HA-IP 40 minutes after addition of different concentrations of iloprost in control HEK293 cells or after
knockdown/OE of GPRC5B (n=8). H, Internalization of an N-terminally Myc-tagged GPRC5B 40 minutes after addition of different concentrations of iloprost in
HEK cells transfected with Myc-GPRC5B and HA-IP (n=6). I, HEK293 cells transfected with both HA-IP and GPRC5B-Myc were stained with anti-Myc and anti-HA
antibodies and the indicated organelle markers. J, Visualization of colocalization between IP-HA (red) and the respective organelle marker (blue). Gray indicates
colocalization; the tM1 value indicates the Manders coefficient for colocalization of IP within the organelle marker (1.0 indicates full colocalization). K, Statistical
evaluation of Manders coefficients indicating colocalization between HA-IP and different organelle markers in HEK cells expressing either HA-IP alone or both HA-
IPand GPRC5B-Myc (1.0 indicates complete overlay; n=9-12 per group). Data are mean+SEM; comparisons between genotypes were performed with paired (A
and D) or unpaired (K) Student t test or 1-way ANOVA (B). EV indicates empty vector. *P<0.05. **P<0.01. ***P<0.001.
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Figure 4. G protein—coupled receptor class C group 5 member B (GPRC5B) controls prostacyclin receptor (IP) membrane availability in smooth muscle

cells (SMCs).

A and B, Antibody-mediated detection of the extracellular domain of the endogenous IP receptor [IP(ec)] in nonpermeabilized human aortic SMCs (hAoSMCs)
treated with control siRNA or GPRC5B-specific sSiRNA (wheat germ agglutinin [WGA] staining indicates plasma membrane, DAPI nucleus). A, Exemplary photo-
micrographs. B, Statistical evaluation (n=17). C and D, Antibody-mediated detection of IP(ec) in nonpermeabilized sections of murine skeletal muscle (SM) from
control mice and iSM-Gprc5b-KOs (tamoxifen-inducible, smooth muscle-specific Gprc5b knockouts) bred to a Cre-dependent EGFP reporter line (confocal scans

of regions at least 5 um away from upper and lower cut surface). C, Exemplary photomicrographs. D, Statistical evaluation of IP(ec) immunoreactivity within en-
hanced green fluorescent protein (EGFP)-positive areas (n=6-13 vessels from 3 mice each). Data are mean+SEM; comparisons between genotypes were performed

with unpaired Student t tests. ***P<0.001.

mTurg2- and CFP-tagged receptors were immobilized
with polyclonal antibodies recognizing these GFP vari-
ants. After photobleaching of a defined membrane
area, lateral mobility of immobilized and nonimmobi-
lized receptors was measured as the recovery of mTurg2/
CFP and yellow fluorescent protein fluorescence. As ex-
pected, recovery of mTurg2-IP or CFP-B,AR was mark-
edly reduced after antibody-mediated immobilization
(Figure 5D). Recovery of GPRC5B-mCitrine, however,
was clearly reduced after immobilization of mTurg2-IP,
whereas immobilization of CFP-B,AR had only a little
effect on GPRC5B-mCitrine lateral mobility (Figure 5E).
Together with the coimmunoprecipitation data, these
data support a specific physical interaction between
GPRC5B and IP receptor.

Relevance of SMC GPRC5B in Arterial
Hypertension

We next investigated whether increased IP-mediated
relaxation in iSM-Gprc5b-KOs was sufficient to alter
vascular tone in vivo. To test this, control mice and not-
yet-induced KO mice were implanted with telemetric
catheters, and basal blood pressure was determined

Circulation. 2020;141:1168-1183. DOI: 10.1161/CIRCULATIONAHA.119.043703

for 3 days. After this, GPRC5B deficiency in SMCs was
induced by tamoxifen treatment on 5 consecutive days.
This resulted in a mild hypotension in iSM-Gprc5b-KOs
compared with tamoxifen-treated controls, which was
quickly compensated for (Figure 6A). To investigate
whether loss of GPRC5B in SMCs was able to amelio-
rate hypertensive disease, we used 2 models, implanta-
tion of Angll-releasing miniosmotic pumps (Figure 6B)
and subcutaneous implantation of a pellet releasing
the murine aldosterone analog deoxycorticosterone
acetate in combination with unilateral nephrectomy
and salt load via the drinking water (Figure 6C). Of
note, the KO is induced in these models after estab-
lishment of hypertensive disease, which allows us to
study the effect of GPRC5B inactivation in a thera-
peutic setting. To do so, we first monitored the devel-
opment of arterial hypertension in control mice and
not-yet-induced KO mice for 5 days and then induced
recombination by tamoxifen. In both models, GPRC5B
inactivation resulted in a significant reduction of blood
pressure compared with control, suggesting that loss
of GPRC5B in SMCs indeed facilitates relaxation in
hypertensive disease. Although 3 weeks of hyperten-
sion is a rather short observation period, we found
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Figure 5. GPRC5B regulates IP trafficking by physical interaction.

A, Localization of G protein—coupled receptor class C group 5 member B (GPRC5B)-Myc (green) and HA—prostacyclin receptor (IP; red) in double-transfected
human HEK293 cells; colocalization of both is shown in white. Manders’ colocalization coefficients tM1 and tM2 are shown next to each panel (1.0 indicates
complete overlay). B, Western blot detection of HA and Myc signals in lysates of human embryonic kidney (HEK) 293 cells expressing HA-IP (40 kDa) in combina-
tion with GPRC5B-Myc (44 kDa) or Myc-GPR133 (96 kDa) without (input) and after immunoprecipitation of HA-IP (HA pull-down). C, Western blot detection of
HA and Myc signals in lysates of HEK293 cells expressing HA-IP (left) or EP2-HA (right) in combination with empty vector, GPRC5B-Myc (44 kDa), GPR156 (89
kDa), or GPRC5C-Myc (53 kDa) without (input) and after immunoprecipitation of HA-IP (HA pull-down). Dotted line indicates border between membranes. D

and E, Coimmobilization experiments using dual-color fluorescence recovery after photobleaching were performed in HEK cells expressing GPRC5B-mCitrine and
either mTurqouise(mTurg2)-IP (red symbols) or CFP, adrenergic receptor (B,AR; black symbols) as indicated. Fluorescence recovery after photobleaching was
determined for mTurg2-IP/CFP-B,AR (D) and for GBRC5B-mCitrine (E) in the presence (triangles) or absence (circles) of antibodies mediating immobilization of IP or

B,AR (n=22-29 cells per group). Data are mean+SEM.

preliminary evidence for reduced end-organ damage:
Hypertension-induced cardiac hypertrophy, here de-
termined as the heart weight-body weight ratio, was
reduced in trend in iSM-Gprc5b-KOs (Figure 6D). There
was no significant difference in body weight between
the groups (control, 28.7+1.45 g; iSM-Gprc5b-KO,
26.3+1 g). However, because end-organ damage was
not the primary aim of this investigation, further stud-
ies are required for a final assessment of this aspect. To

1176  April 7,2020

investigate to what degree enhanced IP signaling con-
tributes to these changes, we tested the effect of the
IP antagonist Cay10441 on blood pressure in control
and iISM-Gprc5b-KOs 16 days after induction of Angll-
dependent hypertension (Figure 6E and 6F). We found
that intraperitoneal injection of 10 mg/kg Cay10441,
but not of vehicle, significantly increased blood pres-
sure in iISM-Gprc5b-KOs but had no effect on control
mice (Figure 6F). These data show that enhanced IP

Circulation. 2020;141:1168—1183. DOI: 10.1161/CIRCULATIONAHA.119.043703
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Figure 6. Telemetric blood pressure (BP) measurement in iSM-Grpc5b-KOs (tamoxifen-inducible, smooth muscle-specific Gprc5b knockouts).

A through C, Telemetric recording of BP in control and iSM-Gprc5b-KO mice before and after knockout induction with tamoxifen under basal conditions (A; n=12
controls, 10 KOs), after implantation of angiotensin Il (Angll)-releasing miniosmotic pumps (B; n=11 controls, 6 KOs; data for days 18 and 19 are missing because
of system failure), or after implantation of a deoxycorticosterone acetate (DOCA)-releasing pellet in combination with unilateral nephrectomy and exposure to 1%
NaCl in drinking water (C; n=8 controls, 10 KOs). Data are mean+SEM; differences between genotypes were analyzed with 2-way repeated-measures ANOVA and
Bonferroni post hoc test. D, Heart weight/body weight ratio in control and KO mice in the basal state and 3 weeks after induction of the DOCA/salt hyperten-
sion model (n=5) (2-way ANOVA with Tukey multiple-comparisons test). E and F, Effect of IP antagonist Cay10441 (10 mg/kg intraperitoneally [i.p.]) on systolic

BP in control mice and iSM-Gprc5b-KOs (tamoxifen-inducible, smooth muscle-specific Gprc5b knockouts) 16 days after implantation of Angll-releasing pumps.
Experimental design (E) and statistical evaluation (F) of BP from 30 minutes before (-30) until 60 minutes after (+60) application of Cay10441 (circles) or vehicle
(triangles) in control mice (white symbols) or iSM-Gprc5b-KOs (black symbols) (n=5 mice each). Significances according to 2-way ANOVA with Tukey multiple-
comparisons test: by genotype: control-Cay vs KO-Cay at t=0: 0.04 (8); by treatment: KO-Cay t=0 vs t=+30: 0.0049 ($). *P<0.05. **P<0.01.
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signaling is a major contributor to the observed ame-
lioration of hypertensive disease in iSM-Gprc5b-KOs.

Relevance of GPRC5B in Smooth Muscle
Differentiation

The IP receptor not only mediates relaxation but also
induces differentiation of SMCs from a synthetic, pro-
liferative phenotype to a more quiescent, contractile
phenotype.?* We investigated the expression of mark-
er genes for proliferation and contractility in hAoSMCs
and found that GPRC5B-deficient hAoSMCs showed
enhanced expression of contractile genes such as
ACTA2 (encoding a-smooth muscle actin) and TAGLN
(encoding smooth muscle protein 22a) and reduced
the expression of proliferative markers such as MKI67,
PCNA, and CCNA2 (Figure 7A). To test whether this
could be attributed to an increased IP receptor signal-
ing, we analyzed gene expression in GPRC5B-deficient
SMCs in the presence of the IP receptor antagonist
Cay10441. Inhibition of IP receptor largely normalized
expression of contractile markers such as ACTA2 and
TAGLN (Figure 7B), suggesting that enhanced IP sig-
naling underlies increased differentiation in GPRC5B-
deficient hAoSMCs. Cay10441 did not have a clear
effect on the expression of cell cycle genes (data not
shown), but determination of cell numbers 24 hours
after seeding of equal cell numbers showed that re-
duced proliferation of GPRC5B-deficient hAoSMCs
was corrected by the IP antagonist (Figure 7C). To in-
vestigate whether increased SMC differentiation was
also observed in vivo, we performed mRNA sequenc-
ing in fluorescence-activated cell sorting—sorted vascu-
lar SMCs from control mice and iSM-Gprc5b-KO mice
with SMC-specific EGFP expression. Single-cell expres-
sion analyses previously showed that the frequency of
Gprchb expression is very low in aortal SMCs but high
in resistance arteries from mesenteric and skeletal vas-
culature' (Figure 7D), which led us to use SMCs from
skeletal muscle for this analysis. Gene Ontology term
analysis showed that expression of contraction-related
genes was clearly altered in GPRC5B-deficient skeletal
muscle SMCs (Figure 7E). In particular, markers of SMC
differentiation such as Acta2 or Tag/n but also various
myosin heavy- and light-chain isoforms and molecules
involved in fiber organization such as Actn1, Fina, Des,
Tpm1/2, and Dstn were increased (Figure 7F). In addi-
tion, we observed reduced expression of genes indica-
tive of inflammatory activation such as icam1, Ptgs1/2
(encoding COX1/2), or Nfkb1 or proteoglycans such as
Lum or Dcn (Figure 7F). Proliferation markers such as
Mki67, Pcna, and Ccna2 were not reliably detected in
freshly isolated SMCs. In further support of the hypoth-
esis that Gprc5b expression is correlated with reduced
SMC differentiation, we found that, in freshly isolated
murine aortic SMCs,' the rare Gprc5b-positive SMCs
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have reduced expression of Myh11 and Acta?2 com-
pared with Gprc5b-negative aortic SMCs (Figure 7G)
Taken together, these data show that, in both human
and murine SMCs, GPRC5B is a regulator of SMC dif-
ferentiation.

Role in Atherosclerosis

During atherosclerosis development, dedifferentiated
SMCs migrate into the growing plague, where they
may exert both beneficial (stabilization of the fibrous
cap) and detrimental (contribution to inflammation) ef-
fects.?> Because GPRC5B seems to play a role in the reg-
ulation of SMC differentiation, we investigated athero-
sclerosis development in iSM-Gprc5b-KOs. In murine
atherosclerosis models, plague development is found
largely in aorta and large arteries, which in healthy
young mice express Gprcsb only rarely. However, dur-
ing aging and in response to atherosclerosis develop-
ment in apolipoprotein E-deficient mice, the frequency
of Gprc5b-expressing cells increases also in murine
aortic SMCs (Figure 8A). To investigate how altered dif-
ferentiation and proliferation in iSM-Gprc5b-KOs affect
atherosclerosis development, we bred mice to the apo-
lipoprotein E—deficient mouse strain and studied aortic
plaque development after 16 weeks of a high-fat diet.
We found that the plague area determined by Oil Red
O staining was in trend reduced for total aorta and sig-
nificantly reduced in the aortic arch (Figure 8B-8D). In
addition, plagques of the innominate artery were signifi-
cantly smaller in iSM-Gprc5b-KOs than in controls (Fig-
ure 8E and 8F), and immunoreactivity for the smooth
muscle differentiation marker a-smooth muscle actin
was increased in deficient mice (Figure 8G). In line with
this, mRNA sequencing of fluorescence-activated cell
sorting—isolated murine aortic SMCs from aortas of
early atherosclerotic mice showed that GPRC5B-defi-
cient SMCs express higher levels of contractile markers
such as Acta2, Tagln, or Smtn (Figure 8H). Levels of IP
expression were not altered in aortas of atherosclerotic
iSM-Gprc5b-KOs (data not shown).

DISCUSSION

Our data show that GPRC5B, a class C orphan GPCR,
modulates SMC contractility and differentiation by
negatively regulating IP receptor trafficking, probably
by physical interaction and intracellular retention.
Numerous coimmunoprecipitation studies using
tagged receptors indicated that GPCRs can form ho-
modimers or heterodimers, and it was suggested
that dimerization may affect both signaling and traf-
ficking.?5%” Although for most class A receptors the
functional relevance of dimerization is unclear, there
is no doubt that class C receptors exist and function
as stable dimers: Metabotropic glutamate receptors

Circulation. 2020;141:1168—1183. DOI: 10.1161/CIRCULATIONAHA.119.043703
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Figure 7. Enhanced differentiation and reduced proliferation in G protein—coupled receptor class C group 5 member B (GPRC5B)-deficient vascular
smooth muscle cells (SMCs).

A and B, Quantitative reverse transcription—polymerase chain reaction (QRT-PCR) gene expression analysis in control and GPRC5B knockdown human aortic SMCs
(hAoSMCs) under basal conditions (A) or after addition of 1 pmol/L Cay10441 (B) (n=6; all data normalized to respective control). C, Fold change in cell numbers
within 24 hours after seeding of equal numbers of control and GPRC5B-kd hAoSMCs in the presence or absence of 1 pmol/L Cay10441 (n=6; all data normalized
to respective control). D, Frequency of Gprc5b-expressing cells in murine aortic SMCs (mMAoSMCs) and SMCs from the murine skeletal (mSkSMCs) or mesenteric
(mMesSMCs) vasculature as judged by single-cell (sc) RT-PCR (n=29, 57, and 60 cells). E and F, Heat map of library size-normalized counts detected by mRNA
sequencing in enhanced green fluorescent protein (EGFP)—expressing SMCs sorted from skeletal muscles of tamoxifen-treated control mice and iSM-Gprc5b-KOs
(tamoxifen-inducible, smooth muscle-specific Gprc5b knockouts) bred to a Cre-dependent EGFP reporter line (n=2 per group; data are normalized to respective
control). E, Top 7 changes according to GOrilla Gene Ontology term analysis. F, Heat map showing Z score (column)-normalized gene expression of selected
contractility- and inflammation-related genes. G, Expression of differentiation markers Myh11 and Acta2 in Gprc5b-positive and -negative mAoSMCs as judged
by single-cell RT-PCR (n=60 cells; data are reanalyzed from Kaur et al'? and shown after normalization to the geometric mean of reference genes). Data are
mean+SEM; comparisons between genotypes were performed with unpaired Student t test (A, C, and G) or 2-way ANOVA with Tukey multiple-comparisons test
(B). n Indicates number of independent experiments (A through C), individual cells (D and G) or individual mice (E and F); siContr, sample treated with scrambled
control SiRNA; and siGPRC5B, siRNA-mediated GPRC5B knockdown. *P<0.05. **P<0.01. ***P<0.001.

and the calcium-sensing receptor form homodimers,  C receptors is mediated by distinct structural features,
whereas GABA, and sweet and umami taste receptors ~ for example, by the very large N-terminus containing
are obligatory heterodimers.?6?’ Dimerization of class  a Venus flytrap motif, which mediates both ligand
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Figure 8. Reduced atherosclerosis in iSM-Gprc5b-KO (tamoxifen-inducible, smooth muscle-specific Gprc5b knockout) mice.

A, The frequency of Gprchb expression in murine aortic smooth muscle cells (mMAoSMCs) from young mice (3 months), aged mice (16 months), young apolipo-
protein E (ApoE)-deficient mice, and ApoE~~ mice kept for 16 weeks on high fat diet (HFD) was determined by single-cell reverse transcription—polymerase chain
reaction (data reanalyzed from Kaur et al'?). B through D, Oil Red O staining of aortas from ApoE~~ control mice and ApoE~- iSM-Gprc5b-KO mice after 16 weeks
of Western-type diet (3 independent experiments with n=14-16 in total). Exemplary photomicrograph (B) and statistical evaluation of plaque area in total aorta
(C) and aortic arch only (D). E through G, a-smooth muscle actin (aSMA) staining in innominate arteries of ApoE~- control mice and ApoE~- iSM-Gprc5b-KO mice
after 16 weeks of Western-type diet (samples from experiment 3 in B through D). E, Exemplary photomicrographs. F, evaluation of plaque size. G, Statistical evalu-
ation of aSMA staining in total vessel, media underlying plaque, and fibrous cap (n=4-5) H, Heat map showing Z score (column)-normalized gene expression of
selected contractility-related genes as detected by mRNA sequencing in enhanced green fluorescent protein (EGFP)-expressing smooth muscle cells (SMCs) sorted
from aortas of tamoxifen-treated control mice and iSM-Gprc5b-KOs bred to the ApoE~ line and a Cre-dependent EGFP reporter line after 6 weeks on Western-
type diet. I, Graphical summary; for details, see text. Data in C, D, F, and G are mean+SEM. PGl, indicates prostaglandin |,. Comparisons between genotypes were
performed with unpaired Student t test. *P<0.05.
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binding and dimerization of N-termini. In addition,
metabotropic glutamate receptors and calcium-sensing
receptors contain a cystein-rich domain between Ve-
nus flytrap and the heptahelical domain, which allows
formation of disulfide bonds within the homodimer.?6
GABA, receptors, which do not contain a cystein-rich
domain, also dimerize through their C-terminal coiled-
coil domains, thereby masking an RXR motif in the GA-
BA,, receptor that would trap the receptor in the ER.?®
In contrast with these prototypical class C GPCRs, class
C orphan receptors such as GPRC5B have a very short
N-terminus and lack both Venus flytrap motif and full
cystein-rich domain. GPRC5B was nevertheless clas-
sified as a glutamate-like/class C receptor because its
transmembrane domains show a 26% homology with
mGluR2.%° Other structural features also support class C
classification: GPRC5B contains in its short N-terminus
2 cysteine residues that are analogs of the 2 cysteines
closest to the membrane in the cystein-rich domain of
metabotropic glutamate receptors and calcium-sensing
receptor.?® However, the class C classification is not
undisputed; GPRC5B was originally rather classified as
"other 7-transmembrane proteins" because it could
not be included in any of the classic GPCR families with
sufficient certainty.? Our data suggest that GPRC5B is
able to undergo dimerization or oligomerization with
certain receptors such as IP, but whether the conserved
cysteins in the extracellular domain of GPRC5B play a
role in this context is unclear.

Although GPRC5B dimerization has so far not been
studied, various previous studies suggested that the IP,
which belongs to GPCR class A, may dimerize: Coim-
munoprecipitation of differentially tagged IP in COS-7
indicated that the receptor homodimerizes®' and that
this depends on disulfide bonds between cysteines in
different locations.?' Disruption of the disulfide bonds
resulted in reduced receptor expression and membrane
localization.?' Furthermore, coexpression of an IP vari-
ant that is retained in the ER [IP(R212C)]*? leads to re-
tention of wild-type IP in the ER.> Together, these data
suggest that IP homodimerization may be required for
proper receptor trafficking. Our data suggest that the
presence of GPRC5B reduces the ability of the IP re-
ceptor (as monomer or dimer) to traffic to the plasma
membrane. The reason might be that GPRC5B inter-
feres with IP homodimerization by allowing GPRC5B/IP
heterodimerization. In line with this notion, we found
that GPRC5B-Myc and HA-IP largely colocalize in both
the plasma membrane and the cytosol. The structural
motifs mediating class A dimerization are not under-
stood. Structural studies suggest that (in contrast with
class C) class A GPCRs dimerize through their trans-
membrane domain,*** but the specific sites mediating
IP dimerization are unknown. It is also unclear whether
GPRC5BY/IP interaction is ligand dependent or indepen-
dent. Our data show that GPRC5B and IP interact in
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the absence of an exogenous ligand, but it is still pos-
sible that SMC-autonomous ligands play a role, either
SMC-produced prostacyclin®®3” or an as-yet-unknown
autocrine activator of GPRC5B.

Prostacyclin, also known as prostaglandin 1, (PGL),
is the major arachidonic acid metabolite produced in
endothelium and SMCs of arteries and veins; it is also
produced by microvessels.3537 Prostacyclin exerts its nu-
merous effects through activation of the G_-coupled
receptor IP, resulting in adenylyl cyclase-dependent
cAMP production. In SMCs, IP-dependent cAMP pro-
duction was shown to induce relaxation in various types
of human and rodent arteries.*®** How cAMP elevation
results in SMC relaxation is not fully understood, but
cAMP/protein kinase A—dependent inhibition of RhoA,
reduction of intracellular calcium levels, and cAMP-
independent activation of hyperpolarizing MaxiK (BK)
channels have been suggested.®*® The relevance of
PGL,-IP signaling for the regulation of systemic blood
pressure is complex: Genetic deletion of the IP receptor
does not result in relevant blood pressure changes,*'
and application of IP receptor antagonist Cay10441/
R03244794 does not alter mean arterial blood pres-
sure.*>*3 However, pharmacological stimulation of IP
receptors via the stable analog iloprost results in arterial
hypotension in healthy mice** and significantly lowered
blood pressure in hypertensive mongrel dogs.** Further-
more, patients with pregnancy-induced hypertension
and some patients with essential hypertension have
reduced endogenous synthesis of PGL,*#> and mice
lacking prostaglandin synthase, a key enzyme in forma-
tion of PGI,, showed hypertension and chronic kidney
disease.* These data suggest that although PGI, exerts
important antihypertensive effects, loss of the IP recep-
tor can be compensated for by other receptors, for ex-
ample, EP4, another SMC-expressed prorelaxant GPCR
that is activated by PGl,.4743

Our data indicate that IP receptor-mediated re-
sponses to exogenous and endogenous PGl, are facili-
tated in the absence of GPRC5B, resulting in an anti-
hypertensive effect in vivo. It is possible that additional
mechanisms exist through which GPRC5B regulates
vascular function, but the finding that the IP antago-
nist Cay10441 strongly reduced the beneficial effect of
GPRC5B deficiency indicates that enhanced IP receptor
signaling is a major contributing factor. However, more
complex changes such as abnormalities in salt sensitiv-
ity cannot be excluded and require further investiga-
tion. In addition to the role of GPRC5B in contractility
regulation, our data point to a facilitation of other IP-
mediated effects such as an increased SMC differentia-
tion and reduced proliferation. This is in line with previ-
ous studies showing that IP agonists can inhibit vascular
SMC migration and proliferation'' and induce SMC
differentiation through the G /protein kinase A/CAMP-
responsive element binding protein pathway.?* Reduced
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PG, signaling has been suggested to contribute to the
development of chronic vascular remodeling processes
such as atherosclerosis or neointima formation by facili-
tating the phenotypic switch from contractile SMCs to
the more proliferative, migratory, and synthetic dedif-
ferentiated phenotype.*® In line with this, we found re-
duced atherosclerosis development after SMC-specific
inactivation of GPRC5B, and this was associated with
a preservation of a differentiated SMC phenotype. This
included an increased a-smooth muscle actin expres-
sion not only in the media underlying the atheroscle-
rotic plaque but also in the fibrous cap covering the
plaque. a-Smooth muscle actin—positive cells of the
fibrous cap were shown to be derived mainly from me-
dia SMCs*® and are believed to form an atheroprotec-
tive layer associated with plaque stability.?> Our findings
therefore suggest that inactivation of GPRC5B in SMCs
not only prevents plaque growth by reducing SMC de-
differentiation but also may prevent plaque rupture by
reinforcing the fibrous cap.

GPRCBB is in SMCs of the healthy murine aorta
barely expressed but strongly upregulated dur-
ing atherosclerotic dedifferentiation.’ Even in the
normal aorta, a small subpopulation of SMCs exist
that show signs of dedifferentiation, and these cells
are enriched in GPRC5B."? These data suggest that
GPRCB5B is upregulated during SMC dedifferentiation
and then perpetuates dedifferentiation by inhibit-
ing IP-mediated protective effects. Although such a
positive feedback loop of dedifferentiation might be
beneficial after acute vascular damage, it is certainly
counterproductive when chronically activated. Of
note, the IP receptor also is upregulated in dediffer-
entiating vascular SMCs, ' but our data suggest that
GPRC5B-mediated inhibition of IP membrane avail-
ability counteracts the putative beneficial effects of
enhanced IP expression. Pharmacological approaches
inhibiting the upregulation of GPRC5B or its interac-
tion with the IP receptor may be of therapeutic use
in the treatment of chronic vascular diseases such as
atherosclerosis. In addition, inactivation of GPRC5B
is beneficial in murine arterial hypertension, and our
data suggest that this phenotype is at least partly
caused by the facilitation of IP signaling. However,
SMCs of resistance arteries show, in contrast with
aortal SMCs, a high basal expression of GPRC5B, in-
dicating that GPRC5B here exerts a constitutive re-
pression of IP-mediated effects.

CONCLUSIONS

Our data show that GPRC5B plays an important role in
the regulation of smooth muscle contractility and dif-
ferentiation, at least partly as a result of regulation of
membrane availability of other receptor systems such as
the IP receptor.
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