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REVIEW

INTRODUCTION

Female breast carcinoma is the most frequently 

of cancer-related mortality worldwide [1]. Be-

-
-

the taxonomy of BCa based on immunohistochemical 
-

-

and a personalized multimodal approach are the cor-
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Abstract. 
molecules, comprise an extracellular signaling protein family involved in various biological 
events that regulate the development, tissue homeostasis and cancer progression of many 
organ systems. In recent years, the focus of research has expanded to investigate the roles 
of semaphorins in cancer. Semaphorins have emerged as crucial regulators in the patho-
genesis of breast cancer (BCa). This review article aims to provide an overview of the con-
temporary knowledge regarding semaphorins, their diverse tumor-modulating properties, 

SEMA4A, SEMA4C, SEMA4D, and SEMA7A) have been demonstrated to promote tu-
mor progression in terms of BCa. Six additional members (SEMA3A, SEMA3B, SEMA3F, 
SEMA4B, SEMA6B, and SEMA6D) have been associated with tumor suppression. Several 
semaphorins (SEMA4C and SEMA7A) are considered putative diagnostic and prognostic 
biomarkers in BCa. Exploring and elucidating the intricate functions of semaphorins and 
their viability as therapeutic targets is an intriguing avenue of research that can improve 
BCa outcomes.
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disease and develop therapy resistance, linked to a 

receptors, secreted cytokines and proteins that pro-

-
-

that semaphorin expression is altered in numerous 
-

and bone diseases [8]. This review aims to present 

-
erties and potential applicability in clinical medicine.

Scholar and Scopus were searched to conduct a sys-
tematic review of the literature.

-
ily of secreted, transmembrane and cell surface-at-

has demonstrated their crucial fundamental roles in 
various cellular and metabolic processes from em-

of the nervous, immune, cardiovascular, respiratory, 
-
-

tural hallmark of all semaphorins is the presence of 

structural and sequence similarity, they are subdi-

ubiquitously expressed in vertebrates, invertebrates 

-

the extracellular domains of plexins and semaphorins 

(IPT) domains. This ensures the correct formation 

-

-

-
-

-

-

Transmembrane semaphorins can also serve as re-

-
-

pathways in the tumor microenvironment (TME) [6, 

proliferative and suppressive properties in BCa, their 
-

in breast cancer. Breast tumors consist of neoplas-

microenvironment (TME). Numerous studies have 

in the context of BCa is represented by three levels: 

(metastatic). Each one consists of various cell types 

adipocytes, myoepithelial and endothelial cells), com-
-

seven hallmarks of cancer: (1) sustained proliferation, 

-
-
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Fig. 1. Semaphorins associated with BCa

Membrane-bound semaphorins and their receptors 
-
-

cells (DCs), and cytotoxic T lymphocytes (CTL) to 

are found to act as inhibitors, rather than promoters 

-

dissemination. Moreover, soluble cytokines prevent 
-

-

secreted by neoplastic and stromal cells, such as 

-

Semaphorins are reported to play important roles in 

-

-
velopment, semaphorins and their receptors were 
later found to have a widespread expression in mul-

-

-

-
cer. -

-

-

that display tumor proliferative activity within the con-
text of BCa, which will be discussed below.

Semaphorin 3C
-

-

-

-
sive ductal breast carcinoma samples and a positive 

-
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-

and suppression of both tamoxifen-sensitive and re-

for patients who are resistant to current treatments 

-

Semaphorin 3E -
phorin that does not bind to neuropilins but directly 

-

has been reported in breast, melanoma, pancreatic, 

proliferation and increased metastatic disease [6, 18, 

-

-

to induce epithelial-mesenchymal transition (EMT) in 
neoplastic cells [6]. Based on experimental evidence, 

-
noma cell lines correlates with increased metastatic 

-
-

vasive and pro-metastatic activity in tumor models. 

-

-
ner and potentiates metastatic behavior in multiple 

-

BCa patients with bone metastases frequently pres-
ent with osteolytic lesions and osteoclasts are con-

-

increased upon stimulation by metastatic breast can-

have been linked to decreased patient survival in 
-

tal cancer and upper urinary tract urothelial carci-

-
-

-

-

more experiments are required to unearth its com-
plex functions in the bone microenvironment.

Semaphorin 4A -
-

cated in the lymphoid tissues, where its expression 

-

-

-

such as hepatocellular carcinoma, colorectal cancer 
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based on analysis of collected tissue and serum from 
both BCa patients showed increased expression of 

-
sues compared to normal adjacent tissues. Further-

) is 

-

-
er important feature of BCa cells is the aberrant pro-

-

hypoxic TNBC cells with increased cell proliferation 
and resistance to apoptosis. 

-
-
-

Semaphorin 4C -

-

-
-
-

tal, pancreatic, melanoma, osteosarcoma, cervical 

-
-
-

lial cells (LECs) compared to normal LECs in BCa, 

-

on tumor cells. It reshapes the TME architecture by 
-

-

al. provide consistent evidence that increased levels 

increased metastatic activity in human BCa. Further-
-

-

-

-

lead to resistance to endocrine therapy (tamoxifen), 

-

and reverse the EMT on BCa cells, thereby reduc-

resistant cancer cells are reported to be linked to 

-

-
ated with paclitaxel-based chemotherapy. Their re-

cancer cells to paclitaxel. These studies may serve 

therapy for BCa.

when cleaved by matrix metalloproteinases (MMPs) 
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-
criminated patients with BCa from non-BCa controls 
and two validation cohorts. Furthermore, no correla-

subtypes) was not found, which is unlikely for current 

situ (DCIS) from non-cancer controls. Moreover, se-

-

Table 1. 

Biomarker Sensitivity 
(%) (%)

PPV (%) NPV (%)

CEA
SEMA4C

-
dictive value

Semaphorin 4D

synapse development, promotion of inhibitory syn-

cells, and modulation of the complexity and arboriza-

lymphomas. On the other hand, it is observed to be 
-

ian and other cancers, associated with advanced dis-
ease, lymph node and distant metastasis, and short-

-

predilection to bone dissemination, where they form 

-
-

-

treatment-induced bone loss. Tamoxifen, a selective 

-

with tamoxifen have reduced plasmatic levels of SE-

This is discussed as an additional mechanism of the 

The presence of brain metastases in BCa patients 

barrier (BBB), which limits the penetration of most 
immune and tumor cells, as well as many systemic 

(CTCs) shed from primary or metastatic tumors into 

-

alone could not drive overt brain metastasis. The 
-
-

ic tumor cells to the activated brain microenvironment 

-
tion of neoplastic cells [68].

-

activated monocytes and lymphocytes) and activate 
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a shift in the balance of cells and cytokines toward a 

Moreover, this blockade may enhance the response 

on experimental evidence, a developed anti-SE-
-

-
mune checkpoint inhibitor is currently under investi-

combination of pepinemab with the checkpoint in-

in patients with advanced immunotherapy-resistant 

advanced research on BCa patients is needed to elu-

Semaphorin 7A
-

brane-anchored protein in the semaphorin family that 

(T cells and DCs) and exhibits chemoattractant and 

potent monocyte stimulator and inductor of neutrophil 

-

-
-

-
sive properties, EMT, lymphatic dissemination and 

-
expressed in invasive ductal carcinoma compared to 
normal breast tissue, and associated with reduced 

-
-

-

-

-

mechanism to inhibit cell colonization and metasta-

has been observed to potentiate anoikis resistance 

-

been linked to late recurrence, resistance to endo-

TUMOR SUPPRESSIVE SEMAPHORINS IN BREAST 
CANCER

Six members of the semaphorin family have been 
discussed and reported to act as putative tumor sup-
pressors. They will be reviewed below.

Semaphorin 3A

-
-

-

-

-
-

-

-
-
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-

increase in the proliferation of antitumoral M1 mac-

events lead to a decline in the immune suppressive 

-

-

-

overexpression is associated with reduced breast 

-

-
-

-
-

pancreatic and head and neck cancer, multiple my-

-
luted and context-dependent.

-

-

-

sustained survival. Laboratory studies have demon-

-

-

-
-
-

-

-
tion and luciferase reporter assays have shown that 

-
tion factor KLLN which exhibits tumor suppressive 
p -

Semaphorin 3F 
-

ticipates in cell motility and cell adhesion. It exhibits 

consistently associated with tumor suppression, par-

-

-
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-

Furthermore, analyses of BCa tissue microarray con-

in human BCa cell lines and were associated with 

been shown to exert inhibitory functions in terms and 

mutated tumor suppressor protein in human cancers 
-
-

Semaphorin 4B -

and cell lines compared to adjacent normal tissues in 

-

proliferation, recurrence and metastasis in BCa. It 

-
hibit tumor suppressive properties in BCa and inhibit 

-

Semaphorin 6B 
class 6 semaphorin that is reported to have vari-

-

-
-

expression positively correlates with survival, espe-

-
-

biomarker for chemotherapy response and as a che-

CONCLUSIONS

molecules with multifaceted roles within the com-
plex landscape of BCa. They exhibit dualistic roles 

dependent roles in cancer. The unique expression 
-

dicate the potential for personalized treatment ap-

and their receptors have shown altered expression 
-

tic value. Extended research into the mechanisms 

and treatment outcomes in patients with BCa.
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