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The Eph (erythropoietin-producing hepatocellular carcinoma) receptor family
represents the largest subgroup within the tyrosine kinase receptor family and is
recognized for its critical role in regulating the growth, migration, and survival of
both normal and malignant cells. The Eph/ephrin signaling has an ambiguous
role in squamous cell carcinomas of the oral region, playing both a suppressive
and oncogenic role. In salivary gland cancers, the results are reserved, although
they suggest that some molecules are associated with a worse prognosis for
patients. This review offers a comprehensive summary of the existing literature,
underscoring the evidence that supports the involvement of the Eph/ephrin
signaling in oral and maxillofacial cancers. Additionally, we examine molecular
discoveries that may present promising therapeutic targets for
these malignancies.
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GRAPHICAL ABSTRACT

1 Introduction

Oral and maxillofacial (OMF) cancers are a growing number of
neoplasms, mainly affecting the oral cavity, lips, oropharynx,
salivary glands, and maxillary bones. Among the subtypes of
cancers in this region, squamous cell carcinoma (SCC) is the
main histological subtype, affecting mainly men over the fifth
decade of life, smokers, and alcoholics (1). In addition to SCC,
salivary gland cancers (SGCs) are another rare and important
subgroup of tumors affecting the OMF region (1). Diagnosing
SGCs is challenging due to the diverse subtypes and overlapping
morphological features (2).

The Eph (erythropoietin-producing hepatocellular carcinoma)
receptor family represents the largest subgroup within the tyrosine
kinase receptor family and is recognized for its critical role in
regulating the growth, migration, and survival of both normal and
malignant cells. Eph receptors act by binding to their ligand, the
ephrins (3). The role of the Eph/ephrin signaling has been
demonstrated in different types of cancer. In colorectal
carcinoma, decreased expression of EphAl and EphA5 was found
to be related to invasion, metastasis, and poor survival (3, 4).
Furthermore, in esophageal squamous cell carcinoma, the
overexpression of EphA2 was correlated with the disease’s
advanced stage (5). EphB4 also contributes to tumor biology,
being involved with increased proliferation, motility, and
migration of cancer cells (6). Gastric tumors have been shown to
correlate EphA3 expression with tumor progression (7, 8).
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The Eph/Ephrin signaling system plays a critical role in various
physiological and pathological processes, including tumor
progression, metastasis, and resistance to therapy (8). While Eph/
Ephrin signaling has been studied in various cancers, important
gaps remain in our understanding of the precise molecular
mechanisms driving these processes, particularly in specific tumor
types such as SGCs.

Furthermore, while significant progress has been made in
targeting the Eph/Ephrin signaling for therapeutic purposes,
challenges such as drug specificity and off-target effects remain
largely underexplored. There is also a lack of detailed discussion on
how Eph/Ephrin-targeting agents may offer personalized treatment
strategies, particularly for oral squamous cell carcinoma (OSCC)
and SGC.

This review aims to bridge these knowledge gaps by providing a
comprehensive analysis of Eph/Ephrin signaling in OMF cancer
biology. By synthesizing recent findings and integrating molecular,
clinical, and therapeutic perspectives, we provide new insights into
the complex role of Eph/Ephrin in tumor progression and its
potential as a therapeutic target.

2 Materials and methods

Electronic searches were conducted in the databases used for
reference sourcing, including PubMed, Scopus, and Web of Science,
without restrictions on language or publication date. The search
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keywords, such as “Eph receptors,” “ephrin signaling,” “oral
cancer,” “head and neck squamous cell carcinoma,” and “salivary
gland cancer” were used, combined with boolean operators (OR,
AND). Furthermore, the references of the included articles were
manually reviewed to identify potential additional studies. Articles
focusing on the Eph/ephrin system concerning oral SCC and SGC

were included.

3 Overview

3.1 The role of EPH receptors and ephrin in
cancer

Erythropoietin-producing human hepatocellular (Eph)
receptors constitute a significant family of receptor tyrosine
kinases, classified into EphA and EphB subclasses (8). The EphA
subclass includes nine receptors (EphA1-8 and EphA10), while the
EphB subclass comprises five members (EphB1-4 and EphB6) (9).
These receptors contain extracellular domains that detect
environmental signals, thereby influencing cell interactions and
migration. The Eph/ephrin signaling enables bidirectional
signaling, where both Eph receptors and ephrins can act as
receptors or ligands (10). In forward signaling, which primarily
occurs through phosphoserine-dependent pathways, Eph receptor
activation triggers intracellular cascades involving molecules such
as Janus kinase (JAK)/signal transducer and activator of
transcription (STAT), Rho and Ras family GTPases, focal
adhesion kinase (FAK), and phosphoinositide 3-kinase (PI3K). In
contrast, reverse signaling occurs in the ephrin-expressing cell,
initiated by the phosphorylation of tyrosine residues in the
cytoplasmic tail of B-ephrins, activating downstream signaling
effectors and intracellular cascades (10). Notably, Eph receptors
can also function independently of kinase activity, being modulated
by other receptor tyrosine kinases (RTKs) (11).

Eph receptor ligands are classified into two types: Ephrin-A
ligands, which are anchored to the cell surface by
glycosylphosphatidylinositol (GPI), and Ephrin-B ligands, which
possess a transmembrane domain and a brief cytoplasmic segment
(8, 12). Eph receptors interact with ephrins, which are categorized
into two classes: ephrin-A (ephrin-A1l to A6) and ephrin-B (ephrin-
B1 to B3) (13). Typically, A-type receptors can bind to a majority or
all A-type ligands, whereas B-type receptors are usually able to bind
to a majority or all B-type ligands (14).

Eph receptors and their ligands, ephrins, participate in a
dynamic system involving both ligand-dependent and ligand-
independent signaling. In ligand-dependent signaling, Eph
receptors bind to ephrins on neighboring cells, triggering receptor
clustering and phosphorylation, which activate downstream
pathways. In contrast, ligand-independent signaling occurs
without ephrin interaction, where Eph receptors can function
autonomously. Notably, in cancer cells with low Eph receptor
phosphorylation, tumor-promoting effects are likely driven by
mechanisms that do not require ephrin stimulation (15).
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Since their discovery, Eph receptor tyrosine kinases have been
linked to various physiological processes (16). They play a critical
role in cell migration and adhesion, which are essential for cellular
organization during development. Activation of Eph receptors or
ephrins can induce either cell repulsion or adhesion and
invasion (16).

Despite their crucial roles in normal physiology, the
involvement of Eph family members in cancer is complex and
often contradictory. Research suggests that Eph/ephrin
bidirectional signaling affects cell communication, regulating
migration, adhesion, differentiation, and proliferation (17). For
example, EphrinAl is present at vasculogenesis sites in embryos
and on tumor cells in various cancers, including breast cancer (18).
Furthermore, EphA2 has been shown to inhibit many angiogenic
functions of vascular endothelial growth factor (VEGF) (19).

Additionally, EphA2 stimulation decreases FAK phosphorylation,
thereby inhibiting integrin-mediated cell adhesion (20). As critical
transmembrane receptors, integrins regulate cellular responses to the
tumor microenvironment and facilitate intercellular communication
across various cell types (21). Conversely, activation of EphA2 by
ephrinAl can attenuate Ras activation, suppress the Akt-mTORCIl
pathway, and inhibit cell migration (22). In summary, the
contradictory roles of Eph receptors and ephrins in cancer may
result from the diversity of Eph signaling pathways and the
heterogeneity of cancer microenvironments (17).

4 Eph receptors and ephrin in oral and
maxillofacial cancers

4.1 Oral squamous cell carcinoma

OSCC is considered a major global health problem, according
to Globocan, there are an estimated 350,000 new cases of oral cavity
cancer and 170,000 deaths worldwide, 77% of which occur in
developing countries. OSCC progression typically begins with
epithelial cell hyperplasia, followed by dysplasia, carcinoma in
situ, and eventually invasive carcinoma. Well-differentiated
tumors mimic stratified epithelium, showing mature cells in
layered arrangements with keratin pearls, while poorly
differentiated tumors contain immature cells with nuclear
pleomorphism and atypical mitoses, lacking organized layers and
keratinization (23).

With this variance, it is essential to study new therapeutic
approaches and prognostic markers (24). Ephs/ephrin signaling
was initially shown to participate across a broad spectrum in the
developmental process, being able to regulate cell adhesion,
migration or chemo-repulsion, and tissue/cell boundary
formation (25, 26). The role of Eph receptors and their ephrin
ligands in oral cancer provide diverse approaches to understanding
the principal associations to tumor growth, invasion, metastasis,
and angiogenesis (Table 1). Moreover, unlike traditional oncogenes
that often function only in tumor cells, Eph receptors mediate cell-
to-cell interactions in both tumor cells and the tumor

frontiersin.org


https://doi.org/10.3389/fonc.2025.1554751
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

de Lima-Souza et al.

TABLE 1 Eph expression and role in oral squamous cell carcinoma.

10.3389/fonc.2025.1554751

Eph Study Method o . Reference
P y Association with OSCC
receptors
EphAl THG; 37 samples High expression of EphA1 was significantly linked to the absence of vascular invasion and lymph 26)
P node metastases.
THC; 59 samples EphA2 expression was correlated with shorter survival periods and was a significant prognostic factor in
EphA2 (27)
oral cancer.
EphA4 THG; 37 samples Elevated EphA4 expression was significantly associated with the absence of lymph node metastases. (26)
EphA7 THC; 37 samples EphA7 was a favorable prognostic factor for overall and disease-free survival. (26)
EphAS THC, in vitro assay; EphA8 overexpression potentially accelerates OSCC progression by augmenting tumor cell invasion, G1)
P 119 samples rather than proliferation capacity.
THG; In vit 3 1 . . . . .
EphrinA4 ) 1 Vilro assays in EphrinA4 has been linked to poor recurrence-free survival in patients with OSCCs. (33)
vivo model
EphB4 THC; 73 samples EphB4 showed a significant correlation with tumor recurrence. (29)
EphB6 THC; 54 samples High EphB6 expression was significantly associated with advanced tumor staging and lymph node N
P metastasis, as well as poorer patient outcomes, leading to higher mortality rates.
EphrinB2 THC; 73 samples EphrinB2 showed a significant correlation with depth of invasion. (29)
EFNA3 THG; In vitro assay; In vivo  EFNA3 is crucial in the progression of OSCC, indicating ephrinA3 as a promising target for oral 32)
model; 53 samples cancer treatment.
THC; In vit s In vi
EFNBI 11 VITO aSSays SVIVO - ppNB] is correlated with a poorer prognosis. (36)
model; 12 samples

THC, Immunohistochemistry; OSCC, oral squamous cell carcinoma.

microenvironment and are considered attractive targets for drug
design (26).

4.1.1 Ephrin-A and EphA

Shao et al. investigated the Eph/Ephrin interaction in OSCC
through the immunoexpression of EphA2 and VEGF in 59 cases of
tongue cancer and 10 cases of normal oral mucosa. The results
demonstrated that elevated levels of EphA2 and VEGF, as well as
increased microvessel density (MVD) and advanced TNM (tumor
size, nodal spread, metastasis) stage, were associated with shorter
survival periods and served as significant negative prognostic
factors in oral cancer (Figure 1). These findings underscore the
potential clinical benefits of combination therapy targeting both
EphA2 and VEGF signaling pathways (27).

A recent in vitro study using Cal-27 cells confirmed the
overexpression of EphA2 and EphA4 in OSCC. The data showed
that the activation of the AKT/mTOR signaling pathway was
increased, leading to the suppression of cell cycle arrest and
apoptosis. Additionally, when AKT/mTOR inhibitors were used
to block this pathway, the effect of overexpression was reversed.
Therefore, EphA2 promotes the proliferation, migration, and
invasion of Cal-27 cells and inhibits apoptosis by enhancing the
AKT/mTOR signaling pathway (28).

A broader study evaluating the EphA immunoexpression of
EphA1l, A2, A4, and A7 in 37 tongue SCC specimens, in association
with clinicopathological parameters as well as with overall survival
and disease-free survival revealed that EphA7 was a favorable
prognostic factor for overall and disease-free survival (26)
(Figure 1). On the other hand, the expression of EphAl, A2, and
A4 showed no significant association with overall and disease-free
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survival. High expression of EphA1l was significantly linked to the
absence of vascular invasion and lymph node metastases (Figure 1).
Similarly, elevated EphA4 expression was significantly associated
with the absence of lymph node metastases (Figure 1). The elevated
expression of EphA2 was significantly associated with a dense
stromal inflammatory reaction (26). Corroborating with these
data, Saito et al, evaluated EphA2 expression it showed to be
associated with the malignant potential of the oral epithelium (29).

When evaluated in laryngeal SCC, EPHA7 was found to be
upregulated in vitro. Therefore, the authors found that the
downregulation of EPHA?7 inhibits cell growth and proliferation
by promoting apoptosis, emerging as a therapeutic potential for
human LSCC (30).

With regards to gene and protein expression of EphAS, it was
found to be highly expressed in OSCC tissues. In addition, EphA8
was considered to be an independent prognostic factor in the
advanced stage of this tumor (31) (Figure 1). In vitro experiments
corroborated these findings, demonstrating that EphAS8
overexpression potentially accelerates OSCC progression by
augmenting tumor cell invasion, rather than proliferation capacity
when using SCC-25 and H357 cancer cells (31).

The role of ephrinA3 in tumor occurrence and progression is
not well established. EFNA3 together with HOXAI, HOXAY,
HOXA3, and E3F3 are part of the miR-210-3p gene, and EFNA3
is regulated by this miRNA under hypoxic conditions. Also, this
ligand plays a significant role in regulating the biological behavior of
oral cancer cells, particularly through its involvement in epithelial-
mesenchymal transition (EMT) via the PI3K/AKT signaling
pathway. MiR-210-3p directly targets the EFNA3 gene, leading to
decreased expression of ephrinA3 expression. This downregulation,
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FIGURE 1

Eph/ephrin signaling in oral squamous cell carcinoma (OSCC): regulatory pathways, tumor progression, and therapeutic implications. EphA2-VEGF-
AKT/mTOR signaling promotes proliferation, migration, invasion, and apoptosis inhibition. The EphrinA3-PI3K/AKT-EMT axis drives epithelial-
mesenchymal transition (EMT) and tumor invasion. EphrinA4-EphA10 interaction activates ERK, inducing cancer stem cell (CSC) expansion via OCT4
and NANOG. EphA8 overexpression enhances tumor invasion. The EphB4-ephrinB2 pathway regulates microvascular density (MVD) and vascular
invasion, activating multiple pro-migratory pathways, including EGFR, FAK, ERK1/2, p38, AKT, and JNK1/2. EphB6 overexpression is associated with

tumor progression and metastasis, while the EphrinB1-TUBB4B complex

sustains the CSC niche and worsens prognosis. In the lower panel, Eph

receptors and ephrin ligands associated with disease-free survival are highlighted, along with mediators correlated with prognosis in OSCC. The data
reflects gene expression and immunohistochemistry levels reported in various studies, illustrating their correlation with clinical outcomes in affected
patients. Created in BioRender. Egal, E. (2025) https://BioRender.com/f96q435.

facilitated by the upregulation of miR-210-3p, influences the
biological behavior of these cancer cells. Thus, the miR-210-3p-
EphrinA3-PI3K/AKT signaling axis is crucial in the progression of
OSCC, indicating ephrinA3 as a promising target for oral cancer
treatment (32) (Figure 1).

Cancer stem-like cells (CSCs) have emerged as key players in
metastasis and tumor recurrence, contributing significantly to the
high morbidity associated with oral cancer. Transcription factors
such as Octamer-binding 4 (OCT4) and NANOG play crucial roles
in CSC maintenance. Recent studies have highlighted the
involvement of the ephrin A4-EphA10 axis in mediating direct
signaling, which regulates cell migration, and sphere formation, and
positively regulates NANOG and OCT4 transcription factors, via
ERK activation. Moreover, the high co-expression of ephrinA4 with
NANOG or OCT4 has been linked to poor recurrence-free survival
in patients with OSCCs. Interestingly, inhibiting this interaction
through ectopic expression of EphAl0 suggests that the
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upregulation of EPHAIO and EFNA4 in OSCC tissues enhances
cis interactions. Additionally, the upregulation of EFNA4 in cancer
tissues alone appears sufficient to induce downstream effects of
direct ephrinA4-EphA10 signaling (33) (Figure 1).

4.1.2 Ephrin-B and EphB

One of the first studies to evaluate OSCC was that by Dong et al.
analyzing the immunoexpression of EphB6 in 54 samples of this
tumor. This study demonstrated that high EphB6 expression was
significantly associated with advanced tumor staging and lymph
node metastasis, as well as poorer patient outcomes, leading to
higher mortality rates (Figure 1). The results showed that EphB6
can be used as a new prognostic marker for this tumor (34).

Recently, the expression of EphA2, EphB4, and ephrinB2 in 73
patients with OSCC and 43 patients with potentially malignant oral
disorders (POMD) was studied by IHC. Positivity for these markers
was found in epithelial cells and some stromal vascular cells, in
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proportion to the level of malignancy. In addition, EphrinB2 was
significantly higher in patients without recurrence than in those
with recurrence. Furthermore, high EphB4 expression was
associated with depth of invasion (Figure 1). In summary,
immunoexpression of EphB4, EphB2, MVD, and lymphatic vessel
density (LVD) was associated with the malignant potential of the
oral epithelium (29).

Another important study showed that overexpression of
ephrinB2 in OSCC cells is related to tumor progression, lymph
node metastasis, and unfavorable survival outcomes. Moreover,
increased ephrinB2 levels were observed in OSCC cell lines
compared to normal human oral keratinocytes, correlating with
the migratory and invasive potential of OSCC cell lines.
Transfection of an EFNB2-specific small interfering RNA (siRNA)
into SAS-L1 cells resulted in a significant reduction in proliferation,
adhesion, migration, and invasion, achieved by inhibiting
phosphorylation of epidermal growth factor receptors (EGFR),
FAK, and the signaling pathways ERK1/2, p38, AKT, and JNK1/
2. Additionally, EFNB2 suppression notably reduced the adhesion
and transmigration of SAS-L1 cells towards human lymphatic
endothelial cells. In summary, these findings suggest that
ephrinB2 overexpression and activation of the EFNB2 signaling
pathway in the TME of OSCC promote lymph node metastasis and
progression, thereby enhancing malignant potential and interaction
with adjacent cells (35) (Figure 1).

Dharmapal et al. investigated the co-expression of TUBB4
(Tubulin Beta 4B Class IVb), an isotype of B-tubulin that is related
to the maintenance of cell morphology, and ephrinBl in the
membranes of CSCs in oral cancer. In vitro immunofluorescence
analysis revealed that TUBB4 and ephrinBl1 co-localize within the
CSC niche, forming a gradient that supports CSC maintenance.
Additionally, reverse immunoprecipitation of ephrinBl confirmed
its dependency on TUBB4B expression. Thus, TUBB4B regulates the
membrane expression of ephrinBl, thereby influencing CSC
signaling. Furthermore, these results indicated that the cooperation
between TUBB4B and EFNBI is correlated with a poorer prognosis
(36) (Figure 1).

Preclinical and clinical studies have investigated the use of
EphB4-Human Serum Albumin Fusion Protein (sEphB4-HAS) in
the treatment of cancer, particularly head and neck squamous cell
carcinoma (HNSCC). The study by Bhatia et al. (2016)
demonstrated that sEphB4-HAS effectively inhibits tumor growth
and enhances radiosensitivity in HNSCC xenograft models,
showing promising results both as monotherapy and in
combination with radiotherapy (37). Bhatia et al. (2019)
reinforced these findings, observing that the combination of
sEphB4-HAS with radiotherapy potentiated the therapeutic
response, leading to a significant reduction in tumor growth (38).
It has been established that sEphB4-HAS, when combined with
other treatments like chemotherapy and radiation, exhibited
synergistic effects, increasing apoptosis and inhibiting tumor cell
proliferation (39). Finally, the clinical study by El-Khoueiry et al.
(2016), which investigated the safety and efficacy of sEphB4-HAS in
patients with advanced solid tumors in head and neck, showed that
the therapy was well-tolerated and, in two of the 17 patients, stable
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disease control was observed, suggesting that this approach has
clinical potential (40). These studies indicate that targeting the
EphB4 receptor may be a promising strategy for the treatment of
HNSCC and other solid tumors.

Although EphB4-targeting agents show positive effects in
reducing tumor growth, especially in combination with
radiotherapy, drug specificity remains a significant challenge. This
is because Eph receptors are widely expressed in various tissues and
normal cells, which may lead to off-target effects and cause
unexpected side effects, such as vascular or neurological
alterations. Therefore, more clinical studies are needed to confirm
their efficacy and safety, as well as to assess long-term impacts in a
larger and more heterogeneous patient population (37, 40).

4.2 Salivary gland cancers

SGCs are a heterogeneous group of tumors, with differing
biological behaviors and treatment responses, comprising around
5% of head and neck tumors (41). According to the World Health
Organization (WHO), the most common malignant tumors of the
salivary glands are mucoepidermoid carcinoma and adenoid cystic
carcinoma (AdCC) (1).

Regarding SGCs, the Eph-Ephirn studies are only focused on
AdCC. This tumor is characterized by its slow, invasive, and
progressive growth associated with local recurrences and distant
metastases (42, 43). AdCC is composed of epithelial and
myoepithelial cells that arrange themselves in a cribriform,
tubular, and solid pattern, with the solid pattern most often
associated with a worse prognosis (42, 43).

Given that EphA2 and ephrinAl play an important role in
tumor angiogenesis, Shao and co-workers (2013), studied the
association of EphA2 and ephrinAl in AdCC. The results
evidenced high protein and mRNA expression of frozen AdCC
tissues when compared with frozen normal salivary gland tissues.
Immunohistochemical analysis revealed intense staining in the
tumor cells when compared to normal tissue and nerves in cases
where the neural invasion was present (44).

After checking the expression of EphA and ephrinAl in AdCC
samples, the association of EphA2, ephrinA1l, and MVD expression
with the clinicopathological features of AdCC was analyzed. Among
the 3 histological patterns of AdCC, the expression of EphA2,
ephrinAl, and MVD was significantly higher in the solid pattern
than in the tubular and cribriform pattern. Furthermore, EphA2
and ephrinAl expression and MVD were found to correlate with
TNM clinical stage, perineural invasion, and vascular invasion.
Such results suggest that EphA2 and ephrinAl contribute to
AdCC progression by promoting AdCC angiogenesis and may
serve as therapeutic targets for this tumor (44) (Figure 2).

Yan and Wang (2023) evaluated the expression levels of the
long non-coding RNA HCG11, microRNA-1297 (miR-1297), and
EphA2 in AdCC cell lines compared to normal human salivary
gland (HSG) cell lines using quantitative reverse transcription PCR.
EphA2 protein levels were assessed via western blotting. The results
showed that overexpression of EphA2 inhibited the proliferation,
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Interactions of the Eph/ephrin system in adenoid cystic carcinoma (AdCC). The EphA2/ephrinAl signaling pathway regulates tumor angiogenesis and
is associated with advanced TNM stage, perineural invasion, and vascular invasion. EphA2 expression is increased in the solid pattern of basaloid
AdCC, correlating with greater aggressiveness. EphA2 overexpression reduces cell proliferation, migration, and invasion in AdCC. The long non-
coding RNA HCG11 regulates miR-1297, which negatively controls EphA2, contributing to tumor progression. Additionally, EphA2 modulates
epithelial and mesenchymal markers, promoting epithelial-mesenchymal transition (EMT) in AdCC. The absence of ephrinAl is associated with
perineural spread. Overall, the Eph/ephrin axis influences tumor heterogeneity by regulating the expression of various family members, including
EFNA1, EPHA2, EphrinAl, and EphA2. Created in BioRender. Egal, E. (2025) https://BioRender.com/f96g435.

migration, and invasion of AdCC cells. Their findings suggest that
the HCG11/miR-1297/EphA2 regulatory axis in AdCC could be a
potential target for new therapeutic approaches to treat this
condition (45).

Interestingly, Fukai et al. (2014), reported a case of AACC with
perineural dissemination through the mandibular nerve to the region
of the middle cranial fossa and right infratemporal fossa. Aiming at
further understanding of the case, epithelial and mesenchymal
markers were evaluated. Immunoreactivity of transcription factors
involved in the EMT was evidenced. The presence and absence of
EphA2 and ephrinAl expression in AdCC tumor cells respectively
was observed by immunohistochemical analysis. EPHA2 was
identified in frozen tissue by real-time reverse transcriptase
polymerase chain reaction, with higher mRNA expression in tumor
tissue than in normal salivary glands (46).

In summary, studies on Eph-Ephrin in AdCC, revealed
heightened expression of EphA2 and ephrinAl, particularly in the
solid pattern, correlating with tumor aggressiveness. Elevated levels
of EphA2 and ephrinAl were associated with advanced
clinicopathological features like TNM stage, perineural invasion,
and vascular invasion, indicating their involvement in promoting
AdCC angiogenesis. Additionally, EphA2 expression was linked to
perineural dissemination in AdCC, suggesting its potential as a
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therapeutic target in managing this tumor (Figure 2). Despite a
thorough literature review, no studies specifically addressing the
role of the Eph/Ephrin system in other SGC were found. This
highlights a significant gap in the current understanding of Eph/
Ephrin signaling in SGCs, reinforcing the need for future research
in this area.

5 Eph/Ephrin signaling and cancer
ecosystem

Studies have suggested that cancer should be viewed as a
multidimensional pathological ecosystem, where ecological
interactions and evolutionary processes play crucial roles in
tumor progression, therapy resistance, and disease recurrence
(47). This perspective emphasizes the importance of considering
not only somatic mutations and molecular mechanisms but also the
spatial and temporal dynamics of the tumor and its
microenvironment (47).

The Eph/ephrin system, known for regulating cell-cell
interactions, cell migration, invasion, and angiogenesis,
exemplifies how this ecological and evolutionary approach applies
to cancer (8, 9). Studies indicate that Ephrin A4-EPHA10 signaling
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is associated with OSCC progression, impacting recurrence-free
survival in patients with high EFNA4 co-expression with NANOG
or OCT4 (33). Additionally, inhibition of the EphB4-ephrin-B2
pathway in experimental HNSCC models led to the reprogramming
of the tumor immune microenvironment, suggesting that targeting
this system could alter tumor ecology and reduce immune evasion
(38). In SGC, EphA2 and ephrinA1 markers have been associated with
MVD, indicating a critical role in tumor angiogenesis. These findings
reinforce the hypothesis that Eph/ephrin signaling contributes to
tumor progression by modulating the microenvironment, making it
a potentially relevant therapeutic target (44).

By adopting the perspective that cancer is a pathological
ecosystem, we can better understand how Eph/ephrin-mediated
interactions contribute to tumor heterogeneity, therapeutic
resistance, and the evolutionary adaptation of oral and
maxillofacial cancers. This integrated approach may pave the way
for more effective therapeutic strategies that consider not only
molecular targets but also the complex ecological and
evolutionary interactions within the tumor (47).

6 Conclusion and future directions

The role of the Eph/Ephrin signaling in the development and
progression of oral and maxillofacial cancers is ambiguous. In oral
SCCs, while EphA2, EphB4, and ephrinB2 are associated with a
worse prognosis, EphA1, EphA4, and EphA7 play the opposite role,
being related to a more favorable prognosis. For SGC, the results are
reserved but suggest an important role for EphA2 and ephrinAl in
contributing to AdCC progression by promoting angiogenesis.

The Eph/ephrin system is particularly compelling as a
therapeutic target because of its dual function in regulating
tumor-promoting and tumor-suppressing signals. This makes it
an attractive candidate for precision medicine, where targeting
specific Eph/ephrin interactions could provide more effective and
less toxic treatment options for patients with OMF cancers.

Future research on Eph/ephrin-targeting therapies should focus
on identifying biomarkers for patient stratification, optimizing drug
selectivity and efficacy, and exploring combination therapies to
enhance outcomes. Addressing drug resistance and conducting
larger, biomarker-driven clinical trials will also be essential to
confirm the safety and long-term benefits of these therapies.
These efforts will guide the development of more personalized
and effective cancer treatments.
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