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General Introduction

G-protein-coupled receptors (GPCRs) compose the largest receptor gene family with more
than 800 members in the human genome and play pivotal roles in a variety of physiological and
pathological processes. Therefore, this large family of transmembrane receptors has attracted great
interest as possible therapeutic targets. However, endogenous ligands of more than 100 GPCRs,
which are called “orphan GPCRs”, remain unknown. GPCRs can be broadly classified into two
groups, i.e., odorant/sensory and non-odorant GPCRs. Odorant/sensory GPCRs are confined to
particular cell types and conduct organismal behaviors such as feeding and mating. Conversely,
non-odorant GPCRs comprise about 1% genes in the genome and widely expressed in the body but
usually at low levels. Despite the low abundance, GPCRs are highly enriched or tightly restricted
to a particular cell types, however, have an enormous potential to shed light on the unique traits of
these cells.

Moreover, non-odorant GPCRs act in response to diverse endogenous ligands and are



involved in various physiological processes in the host, including hematopoiesis,
neurotransmission, immune function, etc. Gpri37b is a non-odorant orphan GPCR conserved
among mammals. Gpri37b was first identified in the kidneys, and later shown to be expressed in
other tissues and cell types. However, the biological function of Gpr137b is yet to be determined.
Osteoclasts are large multinucleated cells involved in bone resorption and originated from
hematopoietic progenitors. Monocyte in peripheral blood and various types of tissue macrophages
are also developed from the same progenitor cells. Osteoclasts are formed by the fusion of
committed monocytic cells and critical for healthy skeletal development, bone remodeling, and
calcium metabolism. In this study, I identified Gpri37b as a gene encoding an orphan GPCR
predominantly expressed in mature osteoclasts by genome-wide transcriptome analysis

(RNA-seq).

Chapter 1: Gpri137b-gene knockout by the CRISPR/Cas9 genome editing technique

Since Gpri37b was demonstrated to be highly expressed in RAW264 cells and markedly
increased during osteoclastic differentiation, Thus, I predict its important role in osteoclastic
differentiation and I generated two Gpri376-KO RAW264 cells using the CRISPR/Cas9 genome
editing system. PCR to amplify the genomic region near the gRNA-recognizing sequence yielded
products of the same size from both clones, which were demonstrated to have 188-nucleotide
frameshift deletions at a region containing the translation start codon (ATG). I also isolated two
independent cell clones from RAW264 cells transfected with pSpCas9 (BB)-2A-GFP as the
controls. I verified that no mutation was introduced in a genomic region near the PAM sequence of
Gpri37b in these clones, thus designated them Gpri37b-wildtype (WT) clones. Genomic PCR
using primers designed to recognize the deleted sequence yielded a product of the expected size
from the Gpri37b-WT clones and no product from the Gpri37b-KO clones. Since a pseudogene
that is 97% homologues to the Gpri37b gene, Gpri37b-ps, exists in mouse, I designed a set of
specific primers to amplify Gpri37b and Gpri37b-ps. The corresponding region of the
Gpri37b-ps gene in these clones was shown to be intact. Next, I demonstrated that the deleted
region of the Gpri37b gene was not transcribed in the Gpri37b-KO clones by qRT-PCR using
primers that recognize this region but not the corresponding region of the Gprl37b-ps gene. By
contrast, [ confirmed that the corresponding region of the Gpri37b-ps gene is transcribed in the
Gpri137b-KO clones using primers designed to specifically recognize this region in Gpri37b-ps.
Further, 1 wverified the lack of GPR137B protein expression in Gpri37b-KO clones by
immunostaining using the anti-GPR137B polyclonal antibody generated in house. Fluorescence
signals detected at the peripheral region as well as nuclei of the Gpri37b-WT cells, possibly
representing the localization of GPR137B protein at the cell membrane and nucleus, were absent

in the Gpri137b-KO cells.



Chapter 2: Role of Gpri37b in osteoclast differentiation

At first, I confirmed the predominant Gprl37b expression in mouse and human osteoclast
cells in compare to the representative mouse and human tissues by qRT-PCR. Additionally, I
confirmed that Gprl37b exhibits an osteoclast specific expression pattern among bone cells by
gRT-PCR. Next, to elucidate the role of Gpri37b in osteoclast differentiation, generated
Gpri37b-WT and -KO clones were then treated with soluble receptor activator of nuclear factor
kappa-B ligand (sSRANKL) to induce osteoclastic differentiation. Gene expression microarray
analysis revealed that a set of genes are differentially regulated through RANKL-induced
osteoclast differentiation. These genes include representative osteoclast-specific markers such as
Tartrate-resistant acid phosphatase (TRAP), Cathepsin K (CatK), ATPase H+ transporting,
lysosomal VO subunit D2 (Atp6V0d2) and Matrix metalloproteinase 9 (MMP-9), which were
dysregulated in the RANKL-treated Gpri37b-KO clones compared to the RANKL-treated
Gpri37b-WT clones, suggesting that Gpri37b is possibly involved in RANKL-induced
osteoclastic differentiation. These results were also validated by subsequent quantitative RT-PCR
(qRT-PCR) and western blotting. KEGG pathway analysis of the Gpri37b-dependant
RANKL-induced genes revealed the involvement of Gpri37b in osteoclast differentiation. My
findings strongly suggest that the pharmaceutical targeting of Gpr137b possibly represents a novel

and innovative approach to the prevention and management of bone diseases.

Chapter 3: Role of Gpri137b in macrophage polarization

Macrophages play a crucial role in host defense, disease pathogenesis and maintenance of
tissue homeostasis. In general, macrophages can be classified into M1 (classical) and M2
(alternative) subtypes based on their phenotypes and functions. M1/M2 macrophage polarization
is well maintained physiologically, and imbalanced polarization causes various pathological
conditions. M1 macrophages, which are typically induced by lipopolysaccharide (LPS) and
interferon (IFN)-vy, are activated during acute inflammation to produce proinflammatory cytokines,
reactive nitrogens, and oxygen intermediates. By contrast, M2 macrophages are typically activated
by interleukin (IL-4), IL-13, and anti-inflammatory cytokines produced by a variety of innate and
adaptive immune cells, thus they play a role in post-inflammatory tissue repair and reconstruction.
Imbalanced M1/M2 macrophage polarization is associated with various disease conditions. M1
macrophages are characterized by an upregulation of Nos2, Cxcll0, Illa and Gbp5; whereas, a
distinctive molecular feature of M2 macrophages is the high-level expression of arginase-1
(Argl); some C-C motif chemokine ligands such as Ccl/l7, Ccl22, and Ccl4; and Cd206
(alternatively designated Mrcl).

Interestingly, KEGG pathway analysis described in Chapter 2 indicated the involvement of
Gpri37b in the (IL-4) signaling pathway besides the osteoclast differentiation pathway. Thus, I



hypothesized that Gpri37b could be involved in macrophage polarization as IL-4 is well known to
induce M2 macrophage polarization. Gene expression microarray analysis of Gpri37b-WT and
-KO clones treated with 1L-4 revealed that Gpr137b-KO attenuated the IL-4-induced expression of
M2 macrophage-related genes such as mannose receptor (Cd-206), C-C motif chemokine ligand
(Ccl-22), Arginasel, and heparin-binding EGF-like growth factor (Hb-egf), which was
subsequently verified by qRT-PCR.

To determine whether Gpri37b has any impact on M1 macrophage polarization,
Gpri37b-WT and -KO clones were then treated with LPS, a well-known inducer of Ml
macrophage polarization. qRT-PCR analysis revealed that the LPS-induced expression of
representative M1 macrophage markers such as Cxcl10, Il1a, Nos2 and Gbp5 was not affected by
Gpri37b-KO. This result suggests that Gpr/37b may not be associated with M1 macrophage
polarization of RAW264 cells.

Conclusion

My findings in this study markedly expanded my views about bone remodeling and
macrophage polarization. Elucidating the function of Gpri37b in osteoclast differentiation will
make it a promising target for the novel anti-resorptive agent. Further, given the fact that
macrophages affect many physiological or pathological processes, the current study will shed light
on the utilization of Gpri37b as a potential drug target in the clinical application including

helminth infection, inflammation allergy, rheumatoid arthritis and tissue repair.
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