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Introduction: Semaphorins are multi-function extracellular proteins with signaling properties involved
in many processes in the human body. Surprisingly, in carcinogenesis, they may function
as promoting or suppressing agents or both at the same time. Semaphorins in the field
of urological cancers have been insufficiently studied so far, mainly in prostate cancer.
They seem promising markers in urological cancers diagnostics and possibly treatment.
This matter is the more worthy of interest since urological cancers are a great medical
and economic burden.The review briefly discusses the current state of knowledge about
semaphorins in cancers, mainly in urology.

Conclusions: The most investigated cancer was prostate, whereas there is not enough information
about semaphorins in bladder cancer and renal cell carcinoma. Apparently, semaphorin
5B exerts a negative influence on renal cell carcinoma, and semaphorins 3A and 4D
on bladder cancer. In case of prostate cancer, semaphorins 3B, 3C, 4F are considered
to promote neoplasm development. On the other hand, semaphorins 3A and 3E are
considered beneficial.
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INTRODUCTION

Malignancies are the primary cause of death of
people in developed countries just next to cardio-
vascular diseases [9]. Considering their great med-
ical, psychological, and economic burden, preven-
tive measures have to be taken. Hence, the search
for efficient markers of malignant neoplasms has
been conducted ever since to improve early de-
tection of these conditions in order to introduce
early treatment and decrease mortality.

The review briefly discusses the current state
of knowledge about semaphorins - potential bio-
markers - in cancers, mainly in urology.

UROLOGICAL CANCERS

Urological cancers have become an important
medical and social problem. The most significant
neoplasms in this field of medicine are prostate,
bladder and kidney cancers. Among these three,
prostate cancer is the most common. Worldwide,
its frequency is estimated at about 1,600,000 cas-
es per year and its mortality of 366,000 deaths per
year [40]. The main risk factors for this neoplasm
are: age (the majority occurs over 65 years old),
African-American ethnicity, family history of pros-
tate cancer, fat- and meat-rich diet, supplementa-
tion of vitamin D, smoking, obesity, alcohol intake
and many others (tab. 1.) [30]. Interestingly, a high-
erincidence of prostate cancer is observed among
fighter pilots. However the exact mechanism is
uncertain, it could be explained by the exposure
to radiation or harmful chemical substances which
can act as carcinogens [5,33,34].

Usually, it presents with no subjective symp-
toms. Only when it is advanced, it can cause urina-
tion disturbances, sexual dysfunction and hema-
turia [25]. It is diagnosed based on digital rectal
examination (DRE), prostate-specific antigen (PSA)
blood concentration test, and, in case of abnor-
malities in these examinations, magnetic reso-
nance imaging (MRI) of the prostate in order to
qualify the patient for the prostate biopsy (which
remains the gold standard for diagnosis confirma-

Tab. 1. Risk factors of urological cancers.

tion) in order to perform histopathological exami-
nation [10]. The basic treatment is prostatectomy
or radiotherapy. In case of advanced disease, lo-
cal treatment can be combined with the systemic
methods (@androgen deprivation therapy, chemo-
therapy, immunotherapy) or systemic therapy can
be administered alone. The choice of treatment
strategy is based on the presence of metastases.
Nowadays there is a new approach proposed,
which involves ,watchful waiting” strategy and ac-
tive surveillance first, since this disease is regarded
as of indolent course [14].

The second most common urological neoplasm
is bladder cancer [27]. There are about 550,000
cases per year worldwide, more frequently in men
than women [35,28]. Its main risk factors are ex-
posure to toxic chemical substances and smoking,
but also old age, male sex, Caucasian race, exces-
sive body weight, poor diet, and positive family
history (tab.1.) [35,37]. Its morbidity is estimated
at more than 200,000 deaths annually [35]. The
most common symptoms are hematuria, frequent
and painful urination [37]. It is diagnosed based
on urine cytology and collecting a specimen dur-
ing cystoscopy for histopathological examination
[28]. Therapeutic options depend on the stage of
cancer. Primarily, superficial transurethral resec-
tion of bladder tumor (TURBT) or, in case of muscle
invasive bladder cancer, cystectomy is performed,
which is preceded by neoadjuvant chemotherapy.
Adjuvant chemotherapy is administered when ne-
oadjuvant chemotherapy was omitted. Radiother-
apy is used as a part of tri-modal therapy (along
with TURBT and chemotherapy) [37,13].

The third most common urological cancer is re-
nal cell carcinoma (RCC). Its prevalence is estimat-
ed to be about 5% of all neoplasms in men and
3% in women globally, therefore it occurs more
frequently in men. The main risk factors are age,
male sex, obesity, poor diet, and smoking (tab.1.)
[6]. Three main symptoms of this cancer, although
rarely observed, are hematuria, pain in the lum-
bar area and palpable tumor. The most frequent

Risk factors of urological cancers

Renal cell carcinoma Bladder cancer

Prostate cancer

Age Smoking
Male sex Exposure to toxic substances
Obesity Age
Poor diet Male sex
Smoking Caucasian race
Obesity
Poor diet

Positive family history

Age
African-American ethnicity
Positive family history
Obesity
Fat- and meat-rich diet
Supplementation of vitamin D
Smoking
Alcohol
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histological type of RCC (about 80%) is clear cell
carcinoma [11]. It is diagnosed based on labora-
tory investigation, CT scan and sometimes tumor
biopsy [15].

The above-mentioned malignancies are an
essential social issue. Not only are they, taken al-
together, very common, especially in the male
population (particularly prostate cancer), but also
their complications and therapeutic procedures
may affect reproductive organs which can result
in infertility (e.g. in case of radiotherapy) or impo-
tency in men (in case of prostatectomy). These dis-
turbances are a great psychological burden for pa-
tients which undoubtedly worsen their life quality.

SEMAPHORINS

Semaphorins are multi-function extracellu-
lar proteins with signaling properties involved in
many processes in the human body. Among the
wide family of semaphorins, 20 proteins were de-
scribed and divided into 8 main classes and their
distinctive feature is a single cysteine-rich extra-
cellular sema domain which determines each pro-
tein’s properties [1,45]. They are membrane-bound
or secreted and can act in the juxtacrine, paracrine
or autocrine way [16]. Usually, semaphorins are
membrane-anchored or trans-membrane pro-
teins, except for class-3 semaphorins which are se-
creted proteins [39]. Semaphorins usually bind to
two main types of receptors, namely plexins and
neuropilins [26]. In the past, semaphorins were
regarded as axon guidance molecules. Nowadays
it is reported that their functions are much more
complex. They are present in most of human body
tissues and seem to be engaged in regulating
morphology and motility in many different body
organs and systems, e.g. nervous, cardiovascular,
immune, endocrine, hepatic, renal, reproductive
systems, and most importantly, also in cancer cells
[1,45].

ROLE OF SEMAPHORINS IN
CARCINOGENESIS

Research has shown that many malignant tu-
mors express semaphorins as well as their recep-
tors [16]. The role of semaphorins in cancer devel-
opment has been already investigated. Their in-
volvement in carcinogenesis was established e.g.
in lung cancer, ovarian cancer, endometrial cancer,
breast cancer or oral squamous cell carcinoma and
melanoma [26]. Interestingly, semaphorins can act
in a positive or negative way in the carcinogenesis,

depending on their type, and even some of them
possess double properties.

Proteins such as semaphorin (sema) 3F and
sema3B play a beneficial role in this matter, as
they have been proven to have a suppressing
influence on tumor growth. They can inhibit cell
proliferation, as well as angiogenesis, and there-
fore stop tumor progression and spread out-
side the primary site of origin. For instance, their
properties have been investigated in esophageal
squamous cell carcinoma. One study has shown
that sema3F can be a potential prognostic marker
since its expression is associated with overall sur-
vival and lymphatic metastases [44]. The benefi-
cial role of sema3F has also been established in
colorectal cancer because of its ability to inhibit
the growth and metastatic potential of this neo-
plasm [32]. Moreover, in patients with osteosar-
coma in whom lower expression of sema3F was
found, a worse prognosis was determined [23]. As
for sema3B its downregulation has been linked
to worse prognosis in hepatocellular carcinoma,
therefore the suggestion of its use as a prognostic
biomarker [20]. In addition, its positive role in tu-
mor growth suppression has been determined in
lung and breast cancer [7].

On the other hand, sema5A, sema’7A or se-
ma4D have the exact opposite effect on tumor
growth, since they influence the promotion of
malignant cell proliferation and angiogenesis.
For example, studies have shown that sema5A
is associated with the progression of pancreatic,
gastric, as well as cervical cancer, in which it has
been even suggested as a marker of unfavorable
prognosis [43,29]. Sema7A has been associated
with the promotion of metastases of melanoma,
squamous cell carcinoma and breast cancer. Se-
ma4D has been linked to the progression of vari-
ous neoplasms, such as head and neck tumors,
breast, ovarian cancer and pancreatic cancer or
osteosarcoma [26].

Finally, sema3A, sema3(, sema3E and sema6A
can either inhibit, or promote tumor progression,
which could be explained by complex molecular
relationships between these proteins and their
receptors, as well as their modification [26]. Se-
ma3A, on one hand, is considered to inhibit an-
giogenesis due to competition with VEGF for re-
ceptors in endothelium and suppress the tumor
progression. On the other hand, increased levels
of this protein have been reported in subjects
with pancreatic cancer, glioblastoma multiforme
and liver cancer of poor prognosis [42]. Sema3Cis
mostly perceived as a procancerous semaphorin,
because it is able to stimulate cell proliferation,
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migration and VEGF secretion in endothelium, as
well as inhibit apoptosis [2]. However, there are
some reports of its anti-angiogenic potential. Se-
ma3E is an intriguing semaphorin since it binds
to the plexin-D1 receptor as a signal-transducing
receptor, which can further associate with neuro-
pilins to transduce signals of other class-3 sema-
phorins leading to altered responses of cells to
sema3sE [26]. Hence, it may exert various influence.
It has been reported to inhibit angiogenesis [36],
at the same time as promoting metastases [8].
Sema6A function seems different regarding the
particular kind of tumor. It is able to suppress an-
giogenesis inhibiting the neoplasm growth and
there are reports on longer survival of patients
with glioblastoma expressing higher sema6A pro-
tein levels. On the contrary, attempts to silence
its expression result in increased apoptosis and
reduced angiogenesis which would indicate its
tumor-promoting properties [26].

ROLE OF SEMAPHORINS IN UROLOGICAL
CANCERS

Semaphorins in the field of urological cancers
have been insufficiently studied so far. Consid-
ering the current state of knowledge regarding
semaphorins’ activity in the three analyzed can-
cers, namely prostate, bladder and renal cell carci-
noma, these proteins have been investigated pre-
dominantly in prostate neoplasm, and much less
often in the other two (tab. 2.).

Prostate cancer

Malignant transformation of prostate epithe-
lium begins when the paracrine mechanism of
andromedins action on epithelial cells switches
to an autocrine way resulting in their excessive
growth. What is known about the semaphorins’
role in prostate cancer is that there is a sema3C
gene induced by androgens with an androgen re-
ceptor-induced enhancer containing an androgen
response element in intron 2 of sema3C. Sema3C
stimulates cancer growth by transactivation of

Tab. 2.
cancer.

multiple receptor tyrosine kinases (e.g. EGFR,
HER2 and MET via Plexin B1). Moreover, sema3C
appears to be a soluble androgen-induced auto-
crine growth factor in prostate cancer. Consider-
ing its role in this malignancy, sema3C has been
suggested as a potential future therapeutic target
in prostate cancer, especially when cancer be-
comes resistant to castration [18]. Tam et al. dis-
covered that sema3C is able to promote the pro-
cess called epithelial-to-mesenchymal transition
(EMT) in prostate cells, which leads the cells to lose
the intracellular attachment, become more loose
and cancerous. Tam et al. proved sema3C ability to
stimulate migration and invasion of cells in vitro,
as well as cell dissemination in vivo [38]. It appears
that sema3C is upregulated in prostate cancer tis-
sue [38, 4] which initiates alterations in cell charac-
teristics [38].

Semad4F has been established as a marker of ag-
gressive prostate cancer. Ding et al. observed that
semadF regulates neuroepithelial interactions
which are crucial for cancer growth, cell migration
and metastases. Apparently, sema4F is also pre-
dictive of tumor progression. Subjects with higher
expression of sema4F had an increased risk of bio-
chemical recurrence, moreover this protein was at
the same time an independent indicator for recur-
rence. Besides the predictive value of sema4F, it
could also become a therapeutic target [12].

As for sema3A, it seems to have two-faceted
nature. On one hand, its decreased levels have
been found in prostate cancer and it has been
perceived as a potentially suppressive agent [21].
On the other hand, sema3A is able to influence
bone metabolism and promote the differentiation
of pre-osteoblastic cells. Liu et al. have shown that
prostate cancer-induced osteoblastic differentia-
tion is partially mediated by sema3A, which may
contribute to the development of a new therapeu-
tic strategy [22].

Sema3sE has abnormal, higher expression in the
prostate cancer tissue compared to healthy pros-
tate. It is able to reqgulate the adhesion and mo-
tility of cancer cells. Sema3E has been proven to

The potential (positive or negative) influence of semaphorins investigated so far with regards to specific type of

Semaphorins investigated so far in urological cancers

Cancer

Negative influence

Positive influence

Renal cell carcinoma

Semaphorin 5B

Bladder cancer

Semaphorin 3A

Semaphorin 4D

Prostate cancer

Semaphorin 3C
Semaphorin 3F

Semaphorin 3B

Semaphorin 3A
Semaphorin 3E
Semaphorin 3F

Semaphorin 4F
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decrease the adhesion of several prostate cancer
cell lines and increase others. At the same time, it
inhibits the migration of the majority of prostate
cancer cell lines [4]. Sema3E has been also ob-
served to be downregulated by hypoxia in pros-
tate cancer, similar to sema3A, which suggests
they act as anti-angiogenic factors in this type of
cancer [12].

Sema3F has been found to be decreased in
cancer tissue compared to healthy prostate [41].
Beuten et al. investigated polymorphisms in sem-
a3B and sema3F in prostate cancer in regard to pa-
tients’ ethnicity. Polymorphisms in sema3B and se-
ma3F are apparently associated with an increased
risk of prostate cancer, as well as poor prognosis in
Hispanic and non-Hispanic white men [3].

Li et al. analyzed several semaphorins altogether
and discovered that sema3A, sema3B, sema3E and
sema3C staining could become independent pre-
dictors of biochemical recurrence after radical pros-
tatectomy in low and intermediate risk cancer [21].

Bladder cancer

Less information can be found regarding blad-
der cancer and its associations with semaphorins.
Higher tissue expression and urine concentra-
tions of sema3A were found among patients with
urothelial cancer, interestingly only in men, which
points to this protein as a potential cancer bio-
marker [42].

Sema4D (CD100) is physiologically expressed
in the immune system cells [31]. Its role in auto-
immune, allergic diseases and cancers has been
well-documented. Sema4D has been investigated
in bladder cancer in the study conducted by Lu et
al. They observed overexpression of this protein
in neoplastic bladder tissues compared to healthy
ones. Sema4D seems also to have an influence on
cell turnover. When sema4D was knock downed,
there was an increased apoptosis, as well as a
reduced proliferation rate of bladder epithelial
cells and their motility. When overexpression of
sema4D occurred, the exact opposite happened.
Moreover, similar to sema3C in case of prostate
cancer, sema4D is able to promote EMT in bladder

AUTHORS’ DECLARATION:

cancer cells. An open question remains whether
sema4D stimulates angiogenesis in bladder can-
cer cells [24].

Renal cell carcinoma

As for the renal cell carcinoma, the data is
scarce. To the best of our knowledge, the only
investigated semaphoring so far is sema5B, and
the data are contradictory. Sema5B apparently
promotes cell viability of clear cell renal carcino-
ma [16]. Kundu et al. suggested that PRDM16 (PR
[PRD1-BF1-RIZ1 homologous] domain-containing
16), which appears to be silenced in RCC, has its
role in the suppression of the HIF-responsive gene
of sema5B. Hence, they proposed sema5B as a tu-
mor-stimulating agent. Besides, they also found
a low expression of sema5A in RCC [19]. Kundu’s
observations are supported by Hirota et al. who
proved that the lower sema5B expression in RCC
cellsimpairs RCC cell viability [17]. A slightly oppo-
site point of view was presented by Ding et al. In
the clear cell carcinoma, admittedly, there was an
increased sema5B expression that has been linked
to immune cell infiltration, whereas increased
sema5B mRNA expression was significantly corre-
lated with sex, age, tumor stage, pathologic stage,
and histologic grade. Considering the above,
sema5B has been proposed as a new biomarker of
RCC, similar to previous studies, however associ-
ated with favorable prognosis [11].

CONCLUSIONS

Semaphorins have been insufficiently studied
in the field of urology so far, especially in case of
bladder and renal cell cancer. At the same time,
they seem promising markers in urological can-
cers diagnostics and possibly treatment. Consid-
ering numerous types of semaphorins and their
various properties, their use in clinical practice
requires more in-depth investigation. Every sema-
phorin should be studied separately with regards
to particular urological cancer in order to estab-
lish their specific characteristics and potential use
in daily clinical practice.
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