
www.aging-us.com 7324 AGING 

INTRODUCTION 
 
The erythropoietin hepatocyte kinase receptor (Eph) and 
its ligand (Ephrin) belong to the largest family of 
receptor tyrosine kinases (RTKs), which have complex 
functions in living organisms. Equally named for its 
expression in an erythropoietin-producing human 
hepatocellular carcinoma cell line, Eph is known to 
function in many types of cells signaling. Hirai first 
identified and demonstrated in 1987 that the product of 
Eph gene expression was a transmembrane protein [1], 
which was then thought to be a receptor for growth 
factors and was hypothesized to play a role in 
tumorigenesis. Following continuous in-depth research, 
the effect of Eph/Ephrin in the development and 
progression of cancer has been well established [2]. 
Eph/Ephrin is also involved in cytoskeleton formation, 
cell adhesion, intercellular junctions, cell morphology 
and motility through bidirectional signaling, affecting 

neuronal development and skeletal homeostasis, and is a 
key factor in angiogenesis and lymphangiogenesis. 
 
Primary bone tumors, notably sarcomas, affect 
youngsters the most since they originate from the 
osteoblasts responsible for bone growth. Chemotherapy, 
surgery and radiotherapy are the most commonly used 
clinical treatments. However, surgical resection often 
does not completely eradicate the tumor, which is the 
main cause of metastasis and postoperative recurrence, 
leading to a high mortality rate. In Addition, bone  
tumors frequently penetrate a large number of skeletal 
areas, rendering them unable to repair themselves  
and compromising the patient’s quality of life. As a 
consequence, treating bone tumors and regenerating  
bone in the clinical setting is difficult. The lack of 
approved treatments has led to research on various 
alternative treatments in recent decades [3]. Several 
studies have reported that Eph/Ephrin works in 
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osteogenesis, osteoclast signaling and maintenance of 
bone homeostasis and fracture healing, such as 
EphB4/EphrinB2 reverse signaling inhibits osteoclast 
differentiation and positive signaling enhances osteoclast 
differentiation, and through this bidirectional signaling is 
involved in bone homeostasis and bone reconstruction 
[4–6]. It has been demonstrated that the Eph/Ephrin 
system is involved in the regulation of inflammatory and 
neuropathic pain. For example, in the rat BCP model, 
EphB1/EphrinB1 may be in the maintenance of 
mechanical nociception by regulating the expression of 
inflammatory cytokines in the spinal cord [7]. This study 
focuses on the mechanism of action of Eph/Ephrin in 
primary bone tumors and bone cancer pain (BCP) caused 
by metastatic bone tumors, providing new ideas for the 
study of bone tumors and BCP clinical targeting drugs. 
 
STRUCTURE OF EPH/EPHRINS AND THEIR 
BIDIRECTIONAL SIGNALS 
 
Tyrosine kinase receptors (RTK) are cell surface 
transmembrane proteins that play a critical function  
in the transduction of extracellular signals to the 
intracellular compartment. The erythropoietin-
producing hepatocyte (Eph) receptor is the largest 
member of the tyrosine protein kinase receptor family 
and its ligand is mainly expressed on the surface of the 
cell and is named Ephrin (Eph receptor interacting 
protein). Based on sequence homology and binding 

specificity, there are two classes of Eph receptors: class 
EphA, which comprises nine members (EphA1-A8 and 
EphA10), and subclass EphB, of which five members 
(EphB1-B4 and EphB6) are included. Eph receptors are 
triggered upon ligand Ephrins-binding to the interacting 
ligands. There are eight types of ephrin ligands, which 
are also divided into two categories: EphrinAs (A1-A5), 
which are partially attached to the cell membrane via 
glycosylphosphatidylinositol (GPI), and EphrinBs (B1-
B3), which span the cell membrane and possess a 
cytoplasmic signaling domain (Figure 1). 
 
Eph-Ephrin signaling is unique in that it is bidirectional. 
It is known as forward signaling in cells expressing Eph 
receptors or reverse signaling in cells expressing Ephrin 
ligands. With a few exceptions, EphA receptor-mixed 
binding of EphrinAs ligands, EphB receptor-mixed 
binding of EphrinBs ligands [8]. Ephrin activates Eph 
most commonly through cell-to-cell interactions, where 
the Eph receptor interacts with its Ephrin ligand and 
then heterodimerizes, subsequently forming a tetrameric 
complex that leads to receptor tyrosine phosphorylation 
and kinase activation. Cellular release of Ephrin-As has 
been reported to activate the EphA receptor remotely.  
In addition, Eph receptors can be stimulated by  
other surface cell receptors (e.g. EGFR) [9]. EphrinA3 
and EphrinB3 can bind to acetyl heparan sulfate 
proteoglycans, thereby enhancing Eph receptor of the 
activation and signals transmission [10, 11]. 

 

 
 

Figure 1. Members and structure of Eph/Ephrins and their bidirectional signals. (A) Members and Structure of Eph/Ephrins.  
(B) Both Eph receptors and ephrin are expressed in opposing cells and interact in trans to activate forward/reverse signaling. Eph receptors 
and ephrin are co-expressed in the same cell and interact in cis. Cis inhibition has been shown to inhibit trans signaling. 
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The Eph receptor is a type I transmembrane protein  
with a normally conserved structure. The ligand-binding 
domain, the cysteine-rich region and two type III 
fibronectin repeats comprise the extracellular domain of 
the receptor, while the intracellular region consists of 
the near-membrane domain, the protein tyrosine kinase 
(Pkinase-Tyr) domain, the sterile alpha constitutive  
motif (SAM) and the C-terminal PDZ-binding motif  
[8, 12]. Ephrin ligands are typically memory-linked, and 
Ephrin-A ligands are fixed to the membrane via a 
glycophosphatidylinositol, in contrast to Ephrin-B 
ligands with transmembrane structural domains and 
cytoplasmic regions with PDZ structural domains [13]. 
Eph receptor binding to Ephrin ligand results in tyrosine 
phosphorylation of the cytoplasmic tail of Ephrin-B 
ligand and can interact with signaling molecules 
containing the SRC-homologue-2 structural domain [14]. 
 
Eph/Ephrins signaling plays an important role  
in many biological processes that contribute to 
development and homeostasis in vivo. They regulate cell 
morphology, adhesion, motility, proliferation, survival, 
and differentiation by mediating contact-dependent 
communication between the same or different cell  
types [14]. During the course of adult organisms, the 
Eph/Ephrin signaling system provides regulation of 
synaptic remodeling, epithelial differentiation, bone 
remodeling, immunity, insulin secretion, and stem cell 
self-renewal [15, 16]. As well as being expressed in 
normal tissues, Eph receptors are also expressed in tumor 
cells and the tumor microenvironment and perform 
important processes associated with tumorigenesis and 
tumor metastasis [17]. However, Eph receptor expression 
is not always add up in in tumors, and the expression of 
certain Eph molecules is downregulated in many 
malignancies, suggesting that Eph receptors can both 
promote tumor development and act as suppressors to 
inhibit tumor progression [12]. Eph/Ephrin signaling  
has been shown to participate in the predevelopment of 
many tumors, including melanoma, neuroblastoma, 
malignant glioma, pancreatic cancer, colon cancer, lung 
cancer, gastrointestinal tumors, esophageal cancer, liver 
cancer, etc. Eph/Ephrin signaling promotes epithelial 
mesenchymal transition and invasion of many tumors by 
activating Src, STAT3, MMP8 and RAC1 [18–21]. 
 
EPH/EPHRIN AND PRIMARY BONE 
TUMORS 
 
Eph/Ephrin and myeloma 
 
Myeloma originates from the hematopoietic tissue of 
bone marrow and is a malignant tumor caused by 
excessive proliferation of plasma cells. Myeloma is 
prone to multiple bone damage, also known as 
multiple myeloma (MM), and accounts for about 10% 

of hematologic malignancies [22]. Prognosis is 
relatively difficult in patients with MM who have bone 
pain, pathological fractures, vertebral collapse and 
hypercalcemia in approximately 80% of patients [22]. 
EphB4/EphrinB2 signaling take an essential leverage 
at osteogenic and osteoclastic signaling and functional 
maintenance [23]. Pennisi et al. found reduced 
expression of EphrinB2/EphB4 in bone marrow 
mesenchymal stem cells of MM patients [24]. 
 
It was found that Wnt3a promotes the expression of the 
target gene EphB4 in MSCs from MM patients, and  
that EphrinB2 -Fc activates p-EphB4, which in turn 
inhibits osteogenesis in MSCs from MM patients [24]. 
Oshima et al. demonstrated that Osteomyeloma cells 
generate Fuchs-related protein 2 (sFRP-2), which  
is an inhibitor of the Wnt pathway which inhibits 
osteoblastogenesis and bone formation in MM patients 
[25]. Therefore, the downregulation of EphB4 in 
myeloma patients may be due to the inhibition of the Wnt 
signaling pathway in myeloma. While EphB4-Fc was 
found to inhibit myeloma growth, osteoclastogenesis and 
angiogenesis, along with stimulating osteoblastogenesis 
and bone formation, the treatment with EphrinB2-Fc had 
no effect on osteoclastogenesis and myeloma growth by 
stimulating angiogenesis, osteoblastogenesis and bone 
formation. Highly modulated expression of endogenous 
EphB4 and EphrinB2 in osteoblasts (e.g., treatment with 
Wnt3a) or exogenous increase in EphB4 levels (e.g., 
treatment with EphB4-Fc) may help restore bone 
remodeling capacity while inhibiting multiple myeloma 
growth, bone disease, and angiogenesis. Guan et al. 
found that EphA3 was highly expressed in MM [26]. 
Francesco et al. showed that There is an emerging view 
that EphA3 has a critical function in the pathogenesis of 
MM and provides support for the suggestion that it 
targets new therapeutic strategies for MM. EphA3 
deficiency inhibited angiogenesis in MM patients’ 
vascular endothelial cells (MMECs) in vitro, but EphA3 
deficiency did not affect the angiogenic function of 
normal endothelial cells (ECs). The treatment with anti-
EphA3 antibody (EphA3 mAb) substantially suppressed 
the progression of tumor growth and angiogenesis in 
MM-derived mouse xenograft models in vivo [27]. 
EphA3 also affects the adhesion of MMECs cells, but has 
little or no effect on apoptosis. Mounting evidences have 
shown that CDK5 is high-overexpressed in multiple 
myeloma, which mediates bortezomib resistance and is 
also involved in the AKT pathway. Therefore, Ding et al. 
suggested that EphA4 interacts with and promotes CDK5 
expression, then activates P-AKT to mediate multi-
myeloma cell adhesion-mediated drug resistance [28]. 
Although the exact mechanism of its involvement in drug 
resistance has not yet been investigated, it may be a 
molecular target for drug resistance in MM patients. The 
interplay with bone marrow stromal cells (BMSCs) is 
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thought to be an important mechanism of multiple 
myeloma (MM) cell progression, and exosomes are a key 
mediator of intercellular communication. Recently, it was 
demonstrated that Bone marrow stromal stem cell-
derived exosomes miR-10a and miR-16 may participate 
in MM progression as well by regulatory of EphA8 or 
IGF1R/CCND1/CUL3/ELAVL1 [29]. 
 
Eph/Ephrin and osteosarcoma (OS) 
 
Osteosarcoma is a heterogeneous malignant stromal 
tumor. Currently, it is a cornerstone of osteosarcoma 
treatment that complete surgical resection, but in the case 
of advanced or unresectable osteosarcoma, such as 
metastasis, usually metastasizes to the lung, its treatment 
is still challenging, and osteosarcoma targeting and 
immunotherapy still need to be further improved. The 
increased expression of EphA2 receptor and its ligand 
EFNA1 in osteosarcoma tissue was detected using 
whole-genome microarray. Patients with EphA2-positive 
showed a trend toward inferior overall survival [30]. The 
high expression of EFNA1 and EphA2 may be closely 
related to the known carcinogenic pathway, for example, 
by regulating the activation of mitotic signal pathway 
leading to the formation and progression of osteosarcoma 
[31]. Ephrin expression profiling demonstrated that 
Ephrin-A5, Ephrin-B3 and Ephrin-B1, ligands for Eph 
receptors including EphB2 and EphA3, are also 
expressed in a vast majority of osteosarcoma specimens 
[31]. Using liposomes loaded with doxorubicin and 
modified with YSA peptide to target EphA2 can reduce 
the adverse effects on primary osteoblasts and maximize 
the toxicity to SaOS-2 osteosarcoma cells [32]. EphA2-
directed CAR T cells can effectively eliminate OS and 
ES tumor cells that stably express EphA2 in 
immunodeficient mice and can effectively extends the 
survival of mice [33]. The combination of pazopanib and 
trametinib has been shown to significantly reduce EphA2 
and IL-7R expression, and blocking EphA2 expression 
significantly reduces the proliferation and migration of 
osteosarcoma cells [34]. ALW-II-41-27 is a validated 
EphA2 inhibitor that has shown anti-neoplastic activity in 
different cancer types and preclinical models [35, 36], 
and some researchers found that the EphA2 inhibitor 
ALW-II-41-27 has remarkable dose-dependent antitumor 
effects in an in vitro model derived from patients with 
osteosarcoma [37]. EphA7 expression levels are 
abundant in osteosarcoma tissues, and miR-448 is able to 
target EphA7 to inhibit the growth and invasion of 
osteosarcoma cells [38]. The lncRNA HCP5 knockdown 
could block the expression of EphA7 by binding to miR-
101 and then induce apoptosis in osteosarcoma cells [39]. 
Individually, Ephrin-A1, Ephrin-A4 and Ephrin-B2 were 
expressed in normal bone specimens, osteosarcoma tissue 
specimens and osteosarcoma cell lines. In contrast, 
Ephrin-A3, Ephrin-A5 and Ephrin-B1 were expressed 

only in specific osteosarcoma tissues [40, 41]. Among 
them, Ephrin-B1 has been shown to be expressed in both 
osteosarcoma cell lines and blood vessels and is 
associated with a poor clinical prognosis [40]. Ephrin-A4 
was expressed in 82.9% of osteosarcoma cases, 58.9% of 
which were cytoplasmically localized. Cytoplasmic 
patterns were markedly correlated with aggressive 
histopathological type of osteosarcoma, advanced stage, 
presence of metastases, poorer response to neoadjuvant 
chemotherapy, and tended to be associated with shorter 
event-free survival [42]. 
 
Eph/Ephrin and Ewing’s sarcoma 
 
Ewing’s sarcoma (ES) is a rare and highly aggressive 
tumor, mostly found in the long bone stem and pelvis, 
accounting for 3% of childhood tumors. It is a relatively 
common bone tumor in childhood and adolescence, 
with a survival rate of 30% for patients with tumors 
[43]. ES is sensitive to radiotherapy but prone to 
metastasis, and radiotherapy alone is not effective in 
metastatic and recurrent cases. Although the survival 
rate of ES patients has improved with the current 
combination of treatment options, the overall prognosis 
of patients with metastatic tumors is poor. The role of 
EphA2 in tumor angiogenesis has been demonstrated 
[13]. Based on the biological roles of EphA2 in 
promoting angiogenesis, Sáinz-Jaspeado et al. [44] 
explored the functional role of EphA2 and its 
relationship with caveolin-1 (CAV1) in EWS 
angiogenesis. They showed that the EphA2-CAV1 axis 
promotes the migration of endothelial cells to the tumor, 
thus facilitating the angiogenesis of ES in a ligand-
dependent manner. If this effect can be specifically 
blocked, it will slow down the tumor progression and 
reduce the risk of tumor metastasis, which will be 
helpful for clinical treatment. In addition, it was shown 
that EphA2 was previously associated with vascular 
mimicry, as an important contributor to ES malignancy 
and prognostic deterioration [45]. Analysis of public 
gene expression databases in microarrays confirmed 
that EphA2 was expressed at higher levels in Ewing’s 
sarcoma than in normal tissue [37]. The EphA2 receptor 
is also a crucial factor in the metastasis and recurrence 
of Ewing sarcoma. Studies have shown that p-
EphA2S897 is associated with malignant invasion of ES, 
so a blockade of EphA2 function may be a promising 
therapeutic solution [46]. A transmembrane RTK 
encoded by EphB2 binds to ephrin ligands and mediates 
communication between cells through bidirectional 
signaling [13]. That its functional implication in 
promoting EwS cell aggression is supported by several 
arguments. The overall survival of EwS patients with 
tumors carrying high levels of EphB2 expression is 
worse than that of patients with tumors which express 
low-levels of the gene. Overexpression of EphB2 
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increases the aggressiveness of EwS2 in three-
dimensional cultures. The miR-145 enabled us to 
identify EphB2 as a facilitator of EwS metastasis, which 
can serve both as a predictor of tumor behavior and as a 
potential therapeutic target for eliminating that most 
adventitious cell [47]. 
 
Eph/Ephrin and chondrosarcoma 
 
Chondrosarcoma is a chondrogenic malignant tumor, 
accounting for approximately 20% of primary 
malignant tumors of bone, usually occurring in the 
pelvis or long bones, and often showing mucinous 
changes, calcification and ossification. Chondrosarcoma 
can be solitary or can arise from the malignant 
transformation of endogenous chondrosarcoma and 
osteochondroma [48]. Kalinski et al. [49] found that 
Ephrin-A5 was downregulated in chondrosarcoma, and 
that the aim was negatively correlated with the 
malignancy of chondrosarcoma. Therefore, Ephrin-A5 
may function as an oncogene in chondrosarcoma, and 
Ephrin-A5 is associated with cell adhesion, and it is 
hypothesized that the downregulation of Ephrin-A5 
leads to the upregulation of tumor cell migration and 
invasion ability through cell adhesion function, which 
of course needs to be further explored. A significant 
correlation was found that EphA2 with worse overall 
survival of dedifferentiated chondrosarcoma [37]. 
 
EPH/EPHRIN AND BONE CANCER PAIN 
(BCP) 
 
Treating bone cancer pain continues to be a clinical 
challenge and underlying mechanisms of bone cancer 
pain remain elusive. The metastases of malignant 
tumors often occur, and bone is one of the most 

common metastatic organs of tumors, which can cause 
osteogenic or osteolytic changes in bone. According to 
the study, 60% to 84% of advanced cancer patients will 
experience bone pain of varying degrees [50]. When 
tumors metastasize, the survival cycle of patients will 
be significantly reduced, and serious complications such 
as pathological fractures, bone cancer pain (BCP), and 
nerve compression will occur on a daily basis. 
Currently, there is no effective treatment for BCP, but 
mainly opioid analgesics are used, so there is an urgent 
need to find a way to alleviate BCP. Ephrin-B1 and 
EphB1 expression in the spinal cord was significantly 
increased in a bone metastasis model of Breast cancer. 
BCP was induced by intra-tibial inoculation of Walker 
256 mammary gland carcinoma cells. Intrathecal 
injection of EphB1 blocker EphB1-Fc into the mouse 
spinal cord significantly reduced the mechanical pain 
caused by bone cancer, and the expression of 
interleukin-1B (IL-1B), interleukin-6 (IL-6) and tumor 
necrosis factor-α (TNF-α) was upregulated in mice with 
bone metastasis model relative to normal mice, while 
their levels were significantly reduced after intrathecal 
injection of EphB1-Fc [7]. Therefore, intrathecal 
injection of EphB1-Fc may be an effective way to 
reduce the occurrence of BCP. Liu et al. [51] found that 
BCP was associated with the upregulation of EphB1 
and EphrinB2 in the dorsal horn and primary neurons of 
the spinal cord. Specific blockade of EphB1 reduced the 
phosphorylation of NR1 and NR2B receptors, Src, and 
subsequent activation of various Ca2+ -dependent 
signaling enzymes, CREB, c-Fos, and activation of 
painful behaviors in the BCP. The positive cut of 
EphB1 also relieves the tolerance of BCP to morphine 
treatment, so EphB1 receptor signaling in the spinal 
cord is critical for the development of bone cancer pain 
and the relief of morphine tolerance in 

 

 
 

Figure 2. The role of Eph/Ephrin axis in bone tumors and bone cancer pain. 
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cancer pain. After intrathecal injection of the EphB1 
receptor blocker reagent EphB2-Fc, pathological 
observations revealed an improvement in tumor-
associated bone destruction. In addition, EphB1 
receptors are also involved in BCP through Toll-like 
receptor activation of IL-1β and TNF-α in neuroglia and 
microglia in the spinal cord [52]. Thus, EphB1 is 
involved in the development and progression of BCP, 
and the day is associated with morphine tolerance and 
improves bone destruction in BCP patients. In other 
aspects, Yin Wang et al. demonstrated that EphA4 
receptor is involved in the generation and maintenance 
of CFA-induced chronic inflammatory pain and that 
blocking the spinal EphA4 receptor could relieve 
persistent pain behaviors in mice [53]. 
 
CONCLUSIONS 
 
Eph/Ephrin has emerged as a regulator of many cancers, 
capable of enhancing or inhibiting the activity of 
oncogenic signals. However, little is known about how 
Eph/Ephrin regulates tumor progression at the molecular 
level. Eph/Ephrin is involved in tumor angiogenesis, 
chemoresistance and BCP development, and may 
become a marker for tumor grading and prognosis, and is 
expected to improve tumor-related bone destruction. 
Specific targeting agents are currently a hot topic of 
research and have been studied in Eph/Ephrin. Anti-
EphrinA4-kacinimycin conjugates can effectively target 
triple negative Vulgar adenocarcinoma and ovarian 
tumor initiating cells, leading to sustained tumor 
regression. Activation of AKT signaling by the 
EPHA2/ephrin-A1-CAV1 axis to secrete bFGF and has 
been suggested as a potential target for chemotherapeutic 
agents [44]. The EphA2 inhibitor ALW-II-41-27 has a 
dose-dependent antitumor effect in patient-derived in 
vitro models; as such, EphA2 targeting represents a 
promising new therapeutic strategy for targeting 
osteosarcoma [37]. In conclusion, Eph/Ephrin plays a 
clear role in primary or metastatic bone tumors, and a full 
understanding of its intrinsic molecular mechanisms of 
action will help to elucidate the mechanisms of bone 
tumorigenesis and metastasis and contribute to the 
development of new anti-cancer therapies (Figure 2). 
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