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GPR133 (ADGRD1) - A POTENTIAL TARGET IN THE TREATMENT OF OSTEOPOROSIS

SUMMARY. The aim - to systematise data from reviews and studies devoted to the role of the adhesive G protein
receptor GPR133 in the regulation of osteogenesis and its potential as a target for the treatment of osteoporosis.

Material and Methods. A literature search was conducted in the PubMed, Scopus, and Web of Science databases
for the period 2014-2025 using combinations of the keywords: “GPR133", “ADGRD1", “adhesion GPCR", “G-protein
coupled receptor”, “osteogenesis”, “osteoporosis”. The analysis included 20 sources — systematic reviews, experimental
studies, and patent materials that met the study criteria and contained data on the role of GPR133 or related adhesion
GPCRs in the regulation of osteogenesis.

Results. Adhesion G-protein-coupled receptors GPR133/ADGRD1 due to the presence of mechanosensitive
metabolotropic properties are considered as regulators of bone remodeling. The GPR133/ADGRD1 protein gene has
been identified in the tibia, femur, skull, and costal cartilage. The mRNA of this gene has been identified in bone marrow
mesenchymal stem cells, primary osteoblasts, osteoclasts, and bone marrow macrophages. The activity of GPR133
depends on both the presence of a ligand and mechanical stress or strain. Receptor activation is realized directly through
changes in the tension of the membrane lipid bilayer or through the transmission of mechanical force due to the
attachment of the receptor to the cytoskeleton or extracellular matrix. GPR133 deficiency in mice leads to a decrease in
trabecular and cortical bone mass, impaired osteoblastogenesis, and compensatory activation of osteoclasts, confirming
its key role in maintaining bone homeostasis. Small-molecule GPR133 agonists, such as AP503 and GL64, stimulate
osteoblastogenesis, increase bone mass and bone strength, and show synergy with exercise.

Conclusions. GPR133/ADGRD1 is a proven molecular target for osteoporosis therapy: its deficiency reduces bone
mass and strength due to osteoblast dysfunction. The use of selective GPR133 agonists opens up new pathogenetical
directions for the treatment of osteoporosis, avoiding the potential risks inherent in traditional therapeutic regimens.
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receptor agonist AP503.

Introduction. The structure of modern morbidity
has identified a steady increase in the frequency of
osteoporosis, especially in conditions of post-
menopausal estrogen deficiency, which is a factor in
many changes in the female body [1]. In Ukraine,
osteoporosis is a serious social problem: according to
the latest data, 31-33 % of women and 23-24 % of
men (every third woman and every fourth man) have
this disease [2]. According to the International
Osteoporosis Foundation for 2021, in Ukraine almost
7 million women in postmenopausal (almost 28%)
have osteoporosis or osteopenia [3]. Osteoporosis
treatments usually focus on vitamin D and/or calcium,
and more specific pharmacological treatments are
associated with serious side effects: estrogen therapy
in postmenopausal women increases the risk of
cancer and thrombosis, and parathyroid hormone
therapy provides positive results only for a limited
two-year period, after which its catabolic effects
become apparent [4,5]. Recently developed sclerostin
inhibitors cause vascular calcification, potentially
increasing the risk of myocardial infarction (MI) and
stroke [6].

To develop new treatments, it is necessary to
understand the physiological role and mechanisms of

potential targets. One promising target is the
G-protein-coupled adhesion receptor GPR133, which
plays a key role in the formation and maintenance of
bone strength [7]. Understanding the functions of
this receptor opens new perspectives for the creation
of precise and effective therapeutic strategies that
can not only prevent the progression of osteoporosis,
but also restore the functional integrity of bone
tissue.

The aim of the study was to review the literature
and summarize the information over the past ten
years regarding the involvement of the GPR133
receptor in osteogenesis and its role as a pharma-
cological target in the treatment of osteoporosis.

Material and Methods. A search was conducted
in the PubMed, Scopus, and Web of Science databases
among publications mainly in the last 5 years (2020-
2025) using the keywords: “G-protein”, “osteoporosis”,
“G-protein coupled receptor”, “GPR133". The review
includs 20 systematic reviews, experimental studies,
and patents that met the criteria: the presence of an
assessment of the impact of G-protein-coupled
receptors on osteogenesis.

Results and Discussion. G-protein-coupled
receptors (GPCRs) have traditionally been considered

12 ISSN 1811-2471. 3006ymku KkniHiYHOI | ekcnepumeHmasbHoi MeduyuHu. 2026. N2 1



O2190u imepamypu, opu2iHasibHi 00C/TIOHeHHS

ligand-dependent. However, they have recently
attractedconsiderableattentionasmechanosensitive
metabotropic receptors. Due to their mechano-
reception capacity, the adhesion-type G-protein-
coupled receptor (aGPCR) family, namely GPR133, is
considered a central link between mechanical signals
and the biochemical response of the cell [8,9].

According to research results, GPR133/ADGRD1,
expressed in osteoblasts, is associated with changes
in bone mineral density (BMD) in humans, and its
activity depends on both the presence of a ligand
(PTK7) and mechanical stimuli — tension or stret-
ching [7].

Althoughionotropicreceptors have traditionally
been considered the main mechanosensors, recent
studies have shown that individual GPCRs can also
respond to mechanical stimuli, demonstrating the
ability to be activated by physical forces, and not
only by binding to a chemical ligand [10].

Mechanical reception of GPCRs occurs through
two main types of stimuli: shear stress and cell
swelling or stretching [11]. Receptor activation occurs
through two key mechanisms: either directly through
changes in the tension of the membrane lipid bilayer
(“lipid force”), or through the transmission of
mechanical force through the attachment of the
receptor to the cytoskeleton or extracellular matrix
(“tethering force”). Both concepts, previously pro-
posed for ion channels, explain how external
mechanical signals are translated into conformational
changes and functional activation of GPCRs. In many
cases, it is the mechanical force transmitted through
these protein-protein associations that is the key
factor in receptor activation and triggering its
mechanosensory and signaling functions [12].

Activation of aGPCRs occurs according to the
“tethered agonism” model, which explains their
mechanosensitivity. It is the intramolecular binding
of the “tethered agonist” to the 7TM domain that
transmits the initial extracellular signal to the cell.
[13] Autoproteolysis in the GPS motif generates a
short Stachel peptide at the beginning of the
C-terminal fragment (CTF), which is at rest hidden in
the GAIN domain due to a stable complex with the
N-terminal fragment (NTF). Mechanical stress on the
membrane — shear, tension or stretching — leads to
displacement of the NTF-CTF complex, exposure of
the Stachel peptide and its interaction with the 7TM
domain of the receptor. This process causes confor-
mational changes and triggers G-protein-mediated
intracellular signaling. Experimental data show that
signaling can also be activated in the form of CTF
alone or upon addition of free Stachel peptide,
highlighting the key role of protein-protein
interactions in the transmission of mechanical
stimulus [14].

GPR133 (also known as ADGRD1) has been
identified as a potential genetic factor affecting
bone mineral density in humans, and its genetic
variants have been associated with differences in
human height. In addition to vertebrae, the GPR133/
ADGRD1 protein gene has been detected in the tibia
and femur, skull, and costal cartilage of 23-week-old
wild-type mice, suggesting a role for GPR133/
ADGRD1 in maintaining bone homeostasis.

The expression level of GPR133/ADGRD1 in
different cell types was quantified. The mRNA of
this gene was detectedin bone marrow mesenchymal
stem cells (BM-MSC - Bone Marrow-Derived Mesen-
chymal Stem Cells), in primary osteoblasts derived
from BM-MSC, and in the MC3T3 cell line (Mouse
Calvaria Clone 3, Subclone E1)-both in undifferen-
tiated and differentiated forms. In addition,
expression was observed in primary bone marrow
macrophages (BMM) and osteoclasts. In contrast,
the MLO-Y4 (osteocyte-like) and RAW 264.7
(osteoclast-like) cell lines showed very low levels of
GPR133/ADGRD1 mRNA [15].

Constitutive and osteoblast-specific knockout of
GPR133/ADGRD1 in mice results in reduced cortical
bone mass and trabecularization in the hip and
vertebrae, hallmarks of osteoporosis. This osteopenic
phenotype in receptor-deficient mice is caused by
impaired osteoblast function, which in turn promotes
increased osteoclast activity. At the molecular level,
GPR133/ADGRD1 regulates osteoblast function and
differentiation through a combined activation
mechanism involving interaction with its endogenous
ligand, protein tyrosine kinase 7 (PTK7), and mecha-
nical forces [15]. It has been shown that GPR133
activation in bone tissue occurs both through
interactions between neighboring bone cells and
through mechanical loading. This activation triggers a
signal that enhances osteoblast activity while
simultaneously inhibiting osteoclasts. The result is
increased bone mass [16].

A GPR133/ADGRD1 receptor agonist, AP503,
induces osteoblastogenesisin vitro and in vivo. AP503
activates the Gs pathway, increases cAMP levels in
osteoblasts, which leads to the activation of B-catenin
signaling [17]. Subsequently, activation of the cAMP/
PKA/CREB signaling pathway promotes osteogenic
differentiation of mesenchymal stem cells. AP503
significantly increased markers of bone formation
and increased bone volume, trabeculae number, and
cortical thickness when was administered to wild-
type and heterozygous knockout mice. In addition,
the bones withstood greater maximal loads than
those with partial or complete GPR133/ADGRD1
knockouts, both constitutively and osteoblast-spe-
cifically. The compound was particularly effective in a
mouse model of ovariectomized postmenopausal
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osteoporosis, where it significantly restored bone
parameters to normal levels. Interestingly, the
combination of AP503 and exercise positively
affected all parameters, suggesting a synergistic
effect [18]. A small molecule, GL64, has also been
identified as a selective agonist of ADGRD1. GL64 has
low selectivity for the isoforms ADGRD2, ADGRGS5,
ADGRG6, CELSR1, CELSR2, CELSR3, and ADGRGA4.
GL64 activates ADGRD1 by mimicking the satchel
sequence (aninternal peptide of adhesive GPCRs that
is activated by mechanical shearing of the N-terminal
and triggers G-protein signaling) [13]. GL64 regulates
osteoclast maturation through the cAMP-PKA-
NFATC1 pathway. GL64 effectively inhibits osteo-
clastogenesis and prevents bone loss both in vitro
and in vivo. GL64 is useful in the study of osteoclast-
related diseases, but so far this substance has only
been used for laboratory use [19].

A new low-molecular-weight compound that
exhibits high agonist activity towards the GPR133
receptor (ADGRD1) was patented in 2024. The
compound is considered a promising candidate for
the development of drugs aimed at the treatment or
prevention of diseases associated with reduced
bone strength and other related pathological
conditions [20].

Conclusions. Analysis of current data confirms
that the G-protein-coupled receptor GPR133/ADGRD1
is a critical molecular target in the treatment of
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GPR133 (ADGRD1) - MOTEHL,IMHA MILWEHDb AJ18 JIKYBAHHA OCTEOMNOPO3Y

PE3IOME. MeTa - cMCcTeMaTM3yBaTW AaHi Ornsa4iB i 4OCiAXKeHb, WO NpUCBAYEHi poni aaresinHoro G-6inkoBoro
peuenTtopa GPR133 y perynsuii octeoreHesy Ta MOro noTeHuUiaay B JikyBaHHI 0CTEONOPO3Y.
Martepian i MeTopum. Molwyk y 6a3ax aaHnx PubMed, Scopus Ta Web of Science y mexax nepioay 2014-2025 pp. i3

BMKOPUCTaHHAM KoMbiHauin knwoyosmx chis: “GPR133", “ADGRD1", “adhesion GPCR", “G-protein coupled receptor”,
“osteogenesis”, “osteoporosis”. o aHanizy BkoYeHO 20 AXepen — CUCTEMATUYHI Ornaan, eKCnepMMeHTanbHi gocni-
[O>KEHHSA Ta MaTeHTHi MaTepiasnu, Lo BiAMNOBIAA/IM KPUTEPIAM AOCNIAXKEHHA Ta MicTUAM AaHi wopao poni GPR133 abo cno-
pigHeHux agresinHmx GPCRy perynsuii octeoreHesy.

Pe3synbTaTu. Aaresinti G-6inok-38'a3aHi peuentopu GPR133/ADGRD1 Yyepes HaABHICTb BJIACTUBOCTEN MEXaHOUYT-
nmBuX MeTabosIoTPOMHMX PeuenTopiB PO3rasAaloTbCsA B AIKOCTI PEryasTOpiB KiCTKOBOro pemMoAesitoBaHHsA. leH 6inka
GPR133/ADGRD1 6y510 BUABNEHO Y FOMINIKOBII Ta CTErHOBIN KicTKax, yepeni i pebepHoMy xpAaLli. MPHK Lboro reHa su-
ABWIN Y Me3eHXIMaJIbHWNX CTOBOYPOBMX KJTITMHAX KiCTKOBOrO MO3KY, NEPBUHHMX 0CTe06/1aCTax, OCTEOKIACTaX Ta MaKpo-
darax KicTkoBoro mo3sky. AKTMBHiCTb GPR133, LLIO eKCpecyeTbCA B 0CTe06/1aCTax Ta acoLiMoBaHN i3 3MiHOM MiHepasib-
HOI LWiNIbHOCTI KiCTOK, 3a/1eXXKMTb AK Bif, HAafABHOCTI NiraHAy, TaK i BiJ MeXaHI4YHOI Hanpyrn 4n po3TaryBaHHA. AKTUBaLIA
peuLenTopiB peanisyetbcs 6e3nocepeHbO Yepes 3MiHN HaTAry AinigHoro b6ilwapy membpaHn abo Yepes nepenavy Mexa-
HIYHOT CMINM 3@ PaxyHOK MPUKPINJIEHHS peLenTopa A0 LUTOCKENEeTa YM NO3aKAITUHHOrO MaTpukcy. Jediunt GPR133 y
MULLEN MPU3BOAMTD A0 3HMXKEHHA TPabeKyIApHOT Ta KOPTUKA/IbHOT KiCTKOBOT Macy, MopyLLeHHst ocTeobiacToreHesy Ta
KOMMEHCATOPHOI aKTMBALLii OCTEOKNACTIB, L0 NiATBEPAXKYE MOTO KJIHOYOBY POJib Y NiATPUMAHHI KiCTKOBOro roMeocTasy.
HusbkoMonekynspHi aroHictn GPR133, Taki Ak AP503 Ta GL64, cTuMyntooTb ocTeob1acToreHes, niaABULLYHOTb KiCTKOBY
Macy 1 MilHICTb KiCTKK, @ TAKOX NPOSIBAAIOTb CMHEPTi3M i3 Gi3NYHMMM HAaBAaHTAXKEHHAMM.

BucHoBku. GPR133/ADGRD1 € f0BefeHO MOJEKY/IAPHOK MilleHHIo 414 Tepanii octeonopo3y: oro aediunt
3HMXKYE KICTKOBY Macy Ta MiLHiCTb Yepe3 anchYHKLi0 0cTeobnacTiB. 3aCTOCYBaHHA CENIEKTUBHMX aroHicTisa GPR133 Bia-
KPVBA€E HOBI MAaTOreHETMYHO CNPSAMOBAHI HaNPAMKM NiKyBaHHSA OCTEOMOPO3Y, YHUKAOUM NMOTEHLIMHNX PM3NKiB, XapaK-
TEPHUX AN TPAANLINHNX TEPANEBTUYHMX CXEM.

KJ1FOYOBI CJIOBA: GPR133; ADGRD1; aaresintHuin GPCR; ocTeoreHes; ocTe06/1acTv; 0CTEONOPO3; MEXAHOYYT/IN-
BiCTb; aroHict peuentopa AP503.
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