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Research Progress on RGMb and its Signaling Pathway
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Abstract: Repulsive guidance molecule b (RGMb) is a member of RGM family, which is structurally composed of an N-
terminal signal peptide, a vVWFD domain and a C-peptide. RGMb is widely expressed in different systems in order to regulate
various physiological and pathophysiological processes. So RGMb involves in tumor progression, immune regulation, retinal
network, neural network reconstruction and other important aspects. Recently, numerous studies reflect the diversity and
complexity of RGMBD signaling pathway. This paper will focus on RGMb, and introduce its molecule structure, function, related

signaling pathway, and above all, the research progresses.
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1. Introduction

Repulsive guidance molecule b (RGMDb) is an important
member of the RGM family. RGMb, along with RGMa,
RGMc, and recently discovered RGMd that is only expressed
in fish, form the currently known RGM family [1-3]. Early
21st century, when Monnier et al. investigated the influencing
factors of nervous system development process, they
discovered a series of cytokines which expressed in the optic
tectum region of chicken embryos and played a negative role
in neuronal growth. Then they named the cytokines Repulsive
Guidance Molecules [4]. As a member of the RGM family,
RGMb was found to share high homology with other
members such as RGMa [5]. And it is wildly expressed in
brain, spinal cord, lung, kidney, muscle, bone, heart,
reproductive axis and other important organs [6, 7]. Therefore,
in recent years, the molecular signaling pathway of RGMb
and its association with different diseases have been
intensively discussed by experts both domestic and overseas.
A large number of experiments have proved that RGMb, as a
growth regulatory factor, is involved in various human
physiological and pathological processes by influencing the
activity of downstream signaling pathways, such as
embryonic development, immune regulation, inflammatory
activation, cancer progression, damage repair and neural
network reconstruction [8-11].

In this review, starting from the molecular structure of
RGMb, the signaling pathways and research progress of
RGMb in tumor progression, immune inflammation
regulation, retinal network formation, nerve damage repair
and other aspects will be introduced in detail. At last, we will
discuss the current research hotspots and propose the possible
research direction in the future.

2. Molecular Structure and Expression
Distribution

As a member of the RGM family, Repulsive guidance
molecule b shares high homology in structure with other
members, but there are still significant differences in other
aspects like expression distribution in vivo and downstream
signaling pathways. For example, the primary amino acid
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homology between RGMb and RGMa is as high as about 50%.
But according to Jorge’s report, there is still a dramatic
difference in the spatial distribution of RGMb and RGMa in
the embryo [12]. Secondly, in the Central nerve system (CNS),
RGMb is highly expressed during the neurodevelopment
stage and then gradually decreases to low expression along
with the CNS maturity. However, RGMb expression is
increased after central nervous system injury [13, 14].
Moreover, according to Li's report, RGMa that expressed in
colon cancer cells can only inhibit intercellular adhesion,
while RGMb can not only inhibit adhesion but also
simultaneously inhibit cell growth, migration, and invasion
[15]. As for the molecular structure of RGMb, it is a
glycoprotein anchored to the cell membrane through the
combination of C-peptide terminus and Glycosyl
phosphatidyl inositol (GPI) [1]. And it composed of an N-
terminal signal peptide, a local von Willebrand Factor type D
(vWFD) domain and a GPI-anchored C-terminus [16]. RGMb
N-terminal and C-terminal signal peptides bind to Bone
morphogenetic protein (BMP) and type I transmembrane
protein Neogenin with high affinity, which are regulating
downstream signaling pathways [2, 3, 16]. Thus, RGMb is
involved in cell adhesion, migration, invasion, regeneration
and apoptosis [17-19], as well as regulating embryonic
development, immune activity, inflammatory response,
cancer progression and other physiological and pathological
processes [8-11].

3. The Mechanism and Research
Progress of RGMb

3.1. Tumor Progression

As mentioned above, RGMb can bind to BMP or Neogenin
via its N-terminus and C-terminus to regulate the downstream
signaling pathway. For example, RGMb can bind to Neogenin
as a ligand to promote apoptosis of renal tubular epithelium
under hypoxic conditions [20]. Meanwhile, RGMb can also
act as a co-receptor to enhance BMP-induced downstream
phosphorylation pathway and thus inhibit the growth of renal
cysts [21, 22]. By knocking out the RGMb gene in breast
cancer cell and mouse models, Li and his team found that the
proliferation, adhesion and migration of tumor cells and the



ability of the tumor to metastasize in the body were greatly
enhanced. Therefore, they speculated that it was related to the
decreased expression activity of caspase-3 and the inhibition
of MAPK-JNK pathway caused by the loss of RGMb
expression [19]. Meanwhile, Jing et al. found that RGMb
expression was reduced in Non-small Cell Lung Cancer
(NSCLC) cells and tissues. Through Through extensive
experiments, they proved that up-regulation of RGMb
expression may inhibit their migration and invasion ability
[23], slow down the proliferation rate of cancer cells, and
initiate cell apoptosis by affecting the downstream Smad1/5/8
pathway [24]. This is the first report that RGMb negatively
regulates the progression of breast cancer and NSCLC, and
indicated the relationship between RGMb levels and overall
survival in patience. At the same period, Ye et al. observed a
similar phenomenon in prostate cancer cells. After
downregulating the expression of RGMb, the malignancy of
prostate cancer cells increased, such as the abilities of
migration and proliferation were significantly enhanced [15].
In the case of squamous cell carcinoma, invasion and
metastasis are also important causes of recurrence and
progression. The experimental results of Zhang et al. in 2020
showed that Mir-93-5p inhibits the expression of RGMb in
squamous cell carcinoma through an oncogene-like effect,
thus regulating the migration and invasion of tumor [25]. In
addition to the above effects on the proliferation and invasion
of tumor cells, in 2018, Sanders and his group found that
RGMD can also regulate the human vascular endothelial cells’
responsiveness to hepatocyte growth factor, thereby
inhibiting the generation of tumor neovascularization and
ultimately affecting the deterioration of tumors [26]. In
2022, Zhang et al. also found that RGMb affected the
clinical prognosis of patients by affecting the epithelial-
mesenchymal transition and the malignant degree of tumors
in nasopharyngeal carcinoma, through their research of the
mechanism of LncRNA RGMb-AS] in nasopharyngeal
carcinoma [27]. In a nutshell, RGMb can inhibit cell
proliferation, transformation, migration and invasion, initiate
cell apoptosis, and interfere with tumor neovascularization so
as to inhibit tumor progression.

3.2. Inflammation and Immune Regulation

RGMbD is expressed in macrophages within various tissues,
including lung interstitium, lung epithelium and nerve tissue
[28]. For example, in an allergic asthma model, RGMb is
expressed by activated eosinophils, interstitial macrophages,
and airway epithelial cells. After inducing airway
inflammation, the related cells simultaneously express RGMb
and its ligand Neogenin to jointly regulate the secretion level
of interleukin-4 (IL-4) which is the typical cytokine in typell
inflammatory response [9]. In their vitro experiment, IL-4
expression level was reduced after intervention with RGMb
monoclonal antibody. It has been demonstrated that the
RGMb-Neogenin signaling pathway maybe associated with
type 2 inflammatory response and other types of
inflammatory diseases [29]. At the same time, studies have
proved that interleukin-6 is up-regulated in macrophages and
dendritic cells of lung tissue in RGMb-knockout mice [8].
Together with the findings of Shi, it proved that RGMb is an
important negative regulator of interleukin-6 expression [30].
In 2021, Ying et al. induced colitis in RGMb knockout mice
and continued to detect the colony composition and
abundance of gut microbiota. The results showed that the
expression of RGMb did indeed alter the diversity of gut
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microbiota, leading to biological imbalance and affecting the
occurrence and prognosis of colitis [8]. Similar results have
also been obtained in the early inflammatory stage of colitis-
associated colon cancer [30]. In summary, RGMb
overexpression can inhibit the development of airway
hypersensitivity and colitis, which suggests that RGMb may
play an important role in immune and inflammatory diseases.

The inhibitory receptor Programmed Death-1 (PD-1) is the
cornerstone of immune regulation, which exists two ligands,
PD-L1/L2 [28]. Studies have found that RGMbD is also a
binding ligand of PD-L2, and the binding ability of RGMb is
similar to PD-L2-PD-1. Its main role is to regulate respiratory
tolerance by affecting the production of IL-4 and the
proliferation of T cells after antigen presentation. The BMP
pathway mentioned above is also related to it. PD-L2 and
BMP can simultaneously bind to RGMb at different binding
sites to form a more complex trimeric complex [31, 32].
RGMbD is also a binding ligand of PD-L2, found by recent
studies. And RGMBD shares the same binding ability like PD-
1, so it can regulate respiratory tolerance by affecting the
production of IL-4 and the proliferation of T cells after
antigen presentation [32]. The BMP pathway mentioned
above is also related to this process. RGMb can
simultaneously bind with PD-L2 and BMP at different
binding sites to form a more complex trimeric complex [31].
Further studies have shown that Neogenin and BMP-RGMb-
PD-L2 complex are not independent of each other [31]. Xiao
et al. proposed an RGMD interaction model in which RGMb
binds to the BMP-BMPR complex and then integrates to
Neogenin in cis, that forms the BMP-BMPR-RGMb-
Neogenin super-complex which regulates downstream
pathways such as MAPK and ERK [16, 30, 33]. And PD-L2
may act as an upstream signaling molecule and regulate
immune tolerance by trans-binding with RGMb super-
complex [31]. However, further research is needed to be done
on the specific mechanism of PD-L2 in this super complex
and the interaction between its four molecules.

Therefore, based on the different receptors interacting with
RGMD, it has different regulatory effects on inflammation.
RGMb may inhibit the occurrence of inflammatory reactions
directly, or it may affect the progression of inflammation by
regulating the body's tolerance to different inflammatory
factors.

3.3. Retinal Cellular Neural Network

In the retina of the human eye, ganglion cells express
different levels of Low density lipoprotein receptor related
protein 5 (LRPS) at different stages of development, which
generates  corresponding  Wnt-signal ~ through  the
concentration gradient of LRP5 on both sides of the retina,
thereby affecting axonal growth and regulating the proper
formation of retino-tectal/collicular map [6]. In the retinal
network, as a GPI-anchored extracellular protein, RGMb is a
novel extracellular substrate of the Vertebrate lonesome
kinase (VLK). When VLK and RGMb interact with each
other, the phosphorylated RGMb will be internalized into the
cell and carries LRP5 during the transport process. By
reducing the level of LRP5 on the membrane surface, Wnt-
signal is down-regulated [34]. Therefore, RGMbD can affect
cell-autonomous axon guidance through LRP5-Wnt signaling
pathway. So RGMBD plays an important regulatory role in the
establishment of  optic nerve network.

Similarly, Ma et al. observed in developing RGMb mice
that the protrusions of newly formed neurons in their dorsal



root ganglia were fewer and shorter than those in the same
nest of RGMb silenced mice [33]. This also suggests that
RGMb does not only serve as a repulsive guiding factor, but
also regulate the speed of axon growth. This pathway may be
the first example of neuron targeted connections to achieve
cell-autonomous axon guidance independent of the influence
of paracrine signals [6].

3.4. Neural Network Repair and
Reconstruction

In the CNS, injured axons fail to regenerate in a short time.
It’s not because they are not regenerative, but the nascent
growth cones formed at the lesion site show typical poor
growth trend or even collapse under the limitation of the CNS
environment [35]. A large number of studies on neural
network repairmen and reconstruction have shown that both
positive and negative growth factors in the glial environment
are crucial for axon regeneration and other processes. For
example, Myelin-associated glycoprotein (MAG), Nogo, and
oligodendrocyte myelin glycoprotein (OMgp) have been
characterized as inhibitors of axonal regeneration [36, 37].
Therefore, amplifying the effect of positive growth factors
and early intervention of negative growth factors has a great
positive effect on the repair and reconstruction of neural
networks and the improvement of the prognosis of patients
[36].

A large number of experiments have proved that RGM
family is related to neural network repairmen and
reconstruction [38-41]. Among them, RGMa and RGMb are
highly expressed in CNS [6] and play an important role in
inhibiting axon growth, formation and synaptic maturation
[38-41]. In the study of Zhang et al., it was found that RGMa
promoted gliosis and scar formation in the CNS injury site
through ALKS-TGFBl pathway, thus inhibiting the
reconstruction of neural network after stroke [42]. Unlike
RGMa, RGMb is highly expressed during the
neurodevelopment stage and then gradually decreases to low
expression along with the CNS maturity. However, RGMb
expression may increase again after central nervous system
injury [13, 14]. And the role of re-expression or
overexpression may be mainly due to the inhibition of nerve
regeneration. And participate in subsequent apoptosis [14, 22,
43]. Its overexpression may take part in nerve regeneration
inhibition and the subsequent apoptosis process [14, 22, 43].
Schwab et al. found that RGMb expression was significantly
increased at the injured site after spinal cord injury in rats, and
speculated that RGMb-RhoA pathway was involved in the
subsequent growth cone development disorder and scar tissue
formation, thereby inhibiting axon regeneration [44]. In 2020,
a MCAOQO animal experiment found that RGMb level in the
cerebral core infarction area of rats upregulates its expression
by activating RhoA-Rho kinase pathway, thereby mediating
neuronal apoptosis, destroying nerve fiber myelination and
inhibiting nerve axon growth [45]. When Li et al. studied the
effects of lead on the development of hippocampus and
cerebral cortex in rats, they found that the expression of
RGMb was related to the apoptosis activation in cerebellar
neurons and granulosa cell axons inhibition. And they
speculated it is realized through the activation of classical
RhoA-ROCK and PKC signaling pathways [46]. Liu et al.
found in vitro experiments that upregulating the concentration
of RGMb level resulted in axonal growth inhibition in
neurons of spinal cord injury rats [43].

Therefore, it is currently believed that the expression level
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of RGMb in the nervous system may be related to neuron
survival, apoptosis, differentiation and the reconstruction
processe [1, 28]. However, as far as we know, there is limited
research on the mechanism of RGMb in CNS, and it still
needs extensive data to explore the relationships.

4. Complexity and Contradiction

Although due to the wide distribution of RGMb in vivo, it
has aroused intense discussion in various fields worldwide,
the interaction between it signaling pathways is still unclear,
even contradictory. For example, in terms of tumor
progression, RGMb can inhibit cell proliferation,
transformation, migration and invasion, initiate cell apoptosis,
and interfere with tumor neovascularization in NSCLC [23],
breast cancer [19, 23], liver cancer [47], squamous cell
carcinoma [25], nasopharyngeal carcinoma [27] and other
related tumors, so as to inhibit tumor progression and even
improving survival ratio. However, Song et al. mentioned in
their study that LncRNA RGMb-ASI promoted cell
proliferation and migration through miR-574-3p/PIM3 and
inhibited cell apoptosis, thus leading to the progression of
pancreatic cancer [48]. In 2019, Pan et al. also found that
silencing RGMb significantly inhibited cell proliferation and
migration, and even made tumor cells stagnant in order to
reduce the malignant degree [49]. In the same time, Zhang et
al. reported that down-regulation of RGMb inhibited cell
proliferation, epithelial cell transformation and promoted cell
apoptosis in gastric cancer cells [50]. It is diametrically
opposite to the inhibitory effect on tumor progression
mentioned above.

At the early 21st century, it was generally believed that the
RGMb related BMP signal and the Neogenin signal were
independent of each other [51, 52]. However, with the
breakthrough in PD-1, whether RGMb can also regulate
immune tolerance capacity through programmed death has
attracted attention worldwide. As mentioned above, RGMb-
BMP-PD-L2 formed a complex trimer complex, and
Neogenin could also interact with this trimer. Meanwhile,
recent studies have found that Neogenin may act as an
upstream molecule to promote the activation of BMP
signaling pathway. What’s more, Neogenin may also be the
receptor of BMP [32]. This overturns the previous belief that
they do not affect each other.

Samad et al. found that GPI anchored RGMb plays a
negative role in promoting BMP-related-signal, but in
contrast, the dissociated RGMb. Fc¢ soluble residues show an
inhibitory effect. They speculated that RGMb. Fc residues can
bind to the ligands of BMP and prevent them from
approaching the receptors on the cell surface [21, 53].
Moreover, this inhibitory ability is highly specific [16].
However, Kanomata et al. found that the differentiation and
proliferation capacity of C2C12 osteoblasts were
simultaneously inhibited by RGMb anchoring glycoprotein
and RGMb. Fc residues in subsequent studies [52]. So, we
speculate that there may be a novel molecule which
preferentially recognizes cell surface receptors after binding
to RGMBD, and then decides whether to present RGMb binding
sites in a cell type-dependent manner to inhibit the BMP
pathway. However, the specific molecular mechanism is still
unclear and needs further study.

RGMb is a negative regulatory factor and is currently
believed to take part in inhibiting axonal regeneration and
neural network reconstruction process in CNS [28, 33, 46].
However, Ma et al. found that the early axonal regeneration



of peripheral nerves in mice after injury was promoted by the
RGMb-BMP pathway [33]. In RGMb-knockdown-mice,
axon regeneration after sciatic nerve crush injury was
significantly reduced compared with normal group [33]. This
may be related to the diverse mechanism of RGMD in their
different development processes, and the different
extracellular microenvironment between the central and
peripheral areas. And Mill et al. speculated that the positive
regulatory effect of RGMb may be realized through another
signaling pathway or another growth regulatory factor
indirectly. Or there may be a situation in which positive and
negative growth factors exert their effects at the same time
[54].

5. Summary

Repulsion guidance molecule b is wildly expressed in
nervous system, reproductive system, immune system,
respiratory system, musculoskeletal system and other
important systems. It is involved in cell adhesion, migration,
invasion, regeneration, differentiation and apoptosis, and is
related to various physiological and pathological processes
such as embryonic development, immune activity,
inflammatory response, cancer progression and damage repair.
As an inhibitor of neuronal regeneration protein with great
research potential, RGMb is related to the occurrence,
development and prognosis of a variety of diseases. RGMD is
a protein molecule worthy of further study, but the research
on RGMb is still shallow, and its research in the neural
direction needs a large number of experimental and clinical
data for further discussion.
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