
Summary. Plexins are transmembrane protein receptors
for semaphorin molecules. These molecules are involved
in numerous cellular activities related to cell
proliferation, adhesion along with the basement
membrane, cellular motility and invasive capability. All
nine members of Plexins identified in vertebrates have
been grouped into subclasses, termed Plexin-A, Plexin
-B, Plexin-C and Plexin-D. Plexin-B consists of three
members, namely Plexin-B1, Plexin-B2 and Plexin-B3.
Plexin-B1 functionally interacts with Sema4A (Yukawa
et al., 2010) and can also form heterodimer with Plexin-
B2 for Sema4A binding (Nkyimbeng-Takwi and
Chapoval, 2011). Plexin-B2 binds with Sema4C. Plexin-
B3 mediates interaction with both Sema4G and Sema5A.
Some semaphorines exist in a membrane-bound form
only, whereas other family members can be found in
tissues/fluids in both secreted and membrane-bound
forms. This ligand-receptor interaction between sema4D
and Plexin-B1 indicated in different signaling pathways
results in many intriguing and interesting findings,
highlighting its importance in both physiology and
pathology. Apart from bidirectional signaling among
these molecules, the involvement of Plexin-B1 in the
processes described here directly involves a bidirectional
singaling between Sema4Dand Plexin-B1. Being a high
affinity receptor for both Sema4A and Sema4D, the role
played by Plexin-B1 in cancer progression, metastasis
and angiogenesis is still an area requiring further
research. Activation of Sema4D mediated downstream
effectors is largely influenced by cross talk of Plexin-B1
with other molecules, such as Her-2 and Met. In this
review, all findings regarding Plexin-B1 upstream and
downstream regulation and its putative involvement in
relation to the ultimate fate of cancer cells are discussed.
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Introduction 

Plexins are transmembrane proteins acting as
receptors for the semaphroin family (Kumanogoh and
Kikutani, 2010). Plexins were initially identified in
Xenopus Laevis and were named due to the observed
staining of the plexiform layer of the optic tectum tissue
(Takagi et al., 1987; Ohta et al., 1995). Semaphorins
require Plexins, either alone or together with neuropilin
proteins, to mediate their effects in different organs.
These molecules were initially found to be responsible
for the directional growth of axons, acting as guidance
cues and were thus termed as semaphorins (Semaphorin
Nomenclature Committee, 1999). Members of the class
4 to 7 semaphorins (membrane bound proteins), along
with one member of class 3 (sema3A), bind directly to
their specific Plexins and activate Plexin-mediated signal
transduction. Sema3A, sema3B, sema3C, and sema3F
mediate their effect by interacting with the
neuropilin/Plexin complex. Certain members of class 4
such as Sema4D may exist in soluble format which
binds to Plexin-B1 with high affinity and Plexin-B2 with
low affinity (Tamagnone et al., 1999; Masuda et al.,
2004). Apart from their conventional receptors (Plexins)
some semaphorins do interact with other molecules as
their cognate receptors. For example, integrin for
sema7A (Suzuki et al., 2007); CD72 for sema4D
(Kumanogoh et al., 2000) and TIM-2 for sema4A
(Kumanogoh et al., 2002). To date four families of
Plexins have been identified in both human and mouse
genomes, namely Plexin-A, Plexin-B, Plexin-C and
Plexin-D. Plexin-A contains four members (Plexin-A1, 
-A2, -A3 and -A4); Plexin-B contains three members
(Plexin-B1, -B2 and -B3); Plexin-C contains one
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member (Plexin-C) and Plexin-D contains one member
(Plexin-D) (Kruger et al., 2005). Details of about these
structure can be seen in a recent review (Nkyimbeng-
Takwi and Chapoval, 2011). In addition to acting as
axonal guidance cues in the nervous system, the Plexin
family have also been shown to be involved in several
other physiological processes, including vascular growth
(Gu et al., 2003, 2005; Serini et al., 2003), follicle
maturation (Regev et al., 2007), heart morphogenesis
(Gitler et al., 2004) and immunity (Kikutani et al., 2007).
Recently, a significant influence of these molecules in
regulating recovery processes from cardiovascular,
immune, skeletal and nervous system injury has also
been observed (Perala et al., 2012). 

Plexins constitute a ligand binding domain (Sema)
along with two or three MET related sequences in their
extracellular portion which links to the intracellular

region via a single transmembrane helix structure
(Tamagnone et al., 1999) as shown in Figure 1. The
extracellular region also contains several glycine and
proline rich immunogobulin domains providing a
binding site for different transcription factors and
integrins (Bork et al., 1999). The intracellular portions of
Plexins are highly conserved, lacking kinase activity.
However, the intracellular portion contains both Ras as
well as RhoGTPase binding regions. Plexins are the only
class of transmembrane proteins which interact with a
range of GTPases via a Ras GTPase activating domain
and a RhoGTPase binding domain (Negishi et al., 2005;
Panizzi et al., 2007; Bell et al., 2011). The intracellular
portion of Plexins contains a Sex-Plex domain which is
conserved among different Plexins and across species
(Oinuma et al., 2004). This domain also exhibits partial
similarity with the GTPase activating protein (GAP)
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Fig. 1. Schematic presentation of structure
of plexin B1 and interacting molecules



domain of p120 RasGAP (Oinuma et al., 2006).
All three Plexin-B members contain a proprotein

convertase cleavage site in their extracellular region
(Artigiani et al., 2003). Once cleaved, the extracellular
portion of Plexin-B1 acts as an inhibitory moiety for
Plexin-B1 mediated downstream regulation. It contains a
consensus sequence of tetrabasic amino acid
(R1302XXR) which is a target site for subtilisin likeproprotein convertases (PC) cleavage (Tamagnone et al.,
1999). After cleavage, the single chain peptide is cleaved
into non disulfide linked hetrodimeric fragments. To
date, the fate of the cleaved extracellular portion of
Plexin-B1, either outside the cell or as a membrane
bound entity, has not yet been explored. However, the
cleaved form of Plexin-B1 has been found in a variety of
cell lines (liver, pancreas, gastric and colon) and human
tissues (kidney, lung, breast, pancreas and colon).
Interestingly, site specific cleavage of the Plexin-B1
precursor is regulated only on the cell membrane surface
and duly effects Plexin-B1 bindng affinity with sema4D
(Artigiani et al., 2003). 
Genetic and molecular features

Structure and Function of Plexin-B1

Plexin-B1 was identified on the basis of sequence
similarities with the hepatocyte growth receptor family
(HGF) and its predominant expression in human brain
and kidney tissues (Maestrini et al., 1996). Plexin-B1,
also termed SEP, is localizsed on chromosome 3p21,
whereas Plexin-B2 is found on 22q13 and Plexin-B3 on
Xq28 (Tamagnone et al., 1999). Membrane bound
Plexin-B1 comprises 2135 amino acids, encoded from
38 exons, and is responsible for mediating sema4D axon
guidance cue signals through activated Rac (Vikis et al.,
2000). Plexin-B1 and the HGF receptor (c-Met) share a
conserved extracellular portion of 500 amino acids
(sema domain) and a cysteine motif of 80 amino acids
(Met related sequence; MRS) (Tamagnone et al., 1999;
Kolodkin et al., 1993). A synergistic correlation in the
expression pattern of Plexin-B1 and c-Met have been
observed (Giordano et al., 2002). Structural homology of
the extracellular domain of Plexin-B1 with hepatocyte
growth factor receptor (c-Met) also suggests its
involvement in invasive cell proliferation, loss of
adhesion, migration and localization at different sites.
The intracellular region of Plexin contains Ras GTPase
activating protein (GAP) and RhoGTPase binding
portion (RBD) domains (Rohm et al., 2000). Both these
domains are responsible for downstream mediation of
the semaphorin induced repulsive chemotactic response
(He et al., 2009). Structurally, Plexins contain a signal
peptide domain (SP), semaphorin domain (sema), three
PSI domains (Plexin, semaphorin, and integrin), six IPT
domains (immunoglobulin like, Plexins, transcription
factors), a cleavage site (CS) and a transmembrane
region (TM). Two highly conserved regions (C1 and C2)
are present in the cytoplasmic portion of Plexin B1 (Fig. 1).

Processing of Plexin-B1 leads to the formation of

two heterodimeric via non disulfide linked extracelleular
units. The alpha subunit consists mostly of extracellular
region while the beta subunit constitutes a relatively
small extracellular portion along with trans membrane
and cytoplasmic regions. No disulphide bond formation
exists among alpha and beta subunits and leads to
speculation that this interaction may dissociate under
certain conditions (Artigiani et al., 2003).

Interestingly, Sema4D-mediated Plexin-B1 receptor
activation requires dimerization of the N-terminal
domains of another Plexin-B1 molecule. This
dimerization results from bivalent semaphorin binding,
as observed by crystallography and multiple angle light
scattering experimentation (Janssen et al., 2010).
Intercalated dimerization of Plexins and bivalent
activation of semaphroins has also been identified in
other Plexin and semaphorin family members,
highlighting a common mode of activation for apposing
cells.

The location of genetic mutations on Plexin-B1
regulates cell response in relation to cancer cell
adhesion, invasion and motility. Mutations confined to
the cytoplasmic portion of Plexin-B1 primarily affect
cell attachment to various substrates, whereas mutation
encountered in the extracellular region may affect
cellular motility and invasiveness, as both key players
(c-Met and HER-2) interact with the extracellular
portion (Giordano et al., 2002; Swiercz et al., 2004).
Being a trans-membrane protein, Plexin-B1 receptor has
a short cytoplasmic domain responsible for interacting
with a wide range of molecules. Lacking any intrinsic
kinase activity, this portion mediates cell signalling
through interactions with various associated GTPases.
Mutation at the C-terminus of Plexin-B1 leads to failure
of binding with PDZ/RhoGEF, leading to impaired
cytoskeleton rearrangement (Lin et al., 2007). Somatic
missense mutation (L1815P) on Plexin-B1 impairs its
binding affinity with Rac. This mutation prevents
binding of Plexin-B1 with Rac-GTP which subsequently
results in the phosphrylation of p21-activated kinase
(Pak1), leading to cell spreading and lamellipodia
extension (Zhou et al., 2012a,b). In prostate cancer cells,
somatic mutations occuring at the intracellular portion of
Plexin-B1 have been associated with bone and lymph
node metastasis (Wong et al., 2007). Hence, mutations
on Plexin-B1 also impart a significant role in impairing
its effects on downstream effector molecules like RhoA. 
Structure and Function of Plexin-B2

A gene for Plexin-B2 is localized on chromosome
22, comprising 37 coding exons. This transmembrane
protein is composed of 1838 amino acids (Nagase et al.,
1997). All members of the Plexin B family contain an
intracellular domain with a PDZ motif (post synaptic
density protein (PSD95), Drosophila disc large tumor
suppressor (DlgA), and zonula occludens-1 protein (zo-
1)), which can relay extracellular signals to intracellular
motifs. This motif interacts with the PDZ domain of
LARG (Leukemia Associated Rho GEF) and Rho-GEF
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molecules resulting in the stimulation of endogenous
RhoA and reorganization of the cytoskeleton (Perrot et
al., 2002). Plexin-B2 interacts with both sema4D as well
as sema4C molecules (Masuda et al., 2004) and is
responsible for intracellular signalling of hepatocyte
growth factor-mediated cellular motility. Expression of
Plexin-B2 has been observed in specialized endothelial
cells in endocrine glands, bronchial epithelial, islets of
Langerhans and adrenal glands (Zielonka et al., 2010).
Plexin-B2 has an impact on cell adhesion by mediating
homophilic interaction under the influence of calcium
ions (Ohta et al., 1995). A significant impact of Plexin-
B2 in skin wound healing has also been observed via
ligand sema4D stimulated ERK pathway activation
(Witherden et al., 2012). In another study, the lack of
Plexin-B2 led to abnormal cortical layer formation and
impaired migratory ability of subtypes of cortical
neurons in mice, while loss of Plexin-B1 did not mediate
any developmental abnormalities (Hirschberg et al.
2010). Both these studies highlight an interesting point
of receptor overlap for sema4Dmediated effects on
cortical neurons as well as non neuronal cells
(Hirschberg et al., 2010; Zielonka et al., 2010). Since
both Plexin-B1 and Plexin-B2 are regulated by sema4D
ligand, a non-redundant role of both these Plexin
molecules in different non neural organs is a proposed
area that requires further research. Association of
sema4D along with Plexin-B2 and Plexin-B1 has also
been observed in neural cells. Apart from restricting
growth cues, sema4D is also responsible for increased
proliferation of dorsal root ganglion. These cells grow
under the conditional presence of both nerve growth
factor and tropomysoin receptor kinase A (TrKA)
receptor (Masuda et al., 2004). Apart from sema4D,
higher expression of sema4A in early embryonic
development, brain, spleen, kidney and breast and its
interaction with Plexin-B1 has also been reported
(Kumanogoh et al., 2002; Yukawa et al., 2010). Both
sema4A and sema4D mediate the same growth cone
collapse in hippocampal neurons. This fact highlights a

diversified interacting range of semaphorins with Plexin-
B1 in relation to different tissues and diseases as well.
Structure and function of Plexin-B3

Plexin-B3 is localized on chromosome Xq28,
comprising 35 coding exons. It is a transmembrane
protein consisting of 1932 amino acids. Plexin-B3 is a
receptor for sema5A which has been found to be
responsible for the intracellular signalling of hepatocyte
growth factor-mediated cellular motility (Artigiani et al.,
2004). Interaction of Plexin-B3, A2 and B1 with
microtubule plus end-binding proteins EB1, EB2 and
EB3 have been found to be responsible for neurite
growth (Laht et al., 2012). Ca2+/Mg2+ dependent
homophilic interactions of Plexin-B3 have also been
found to be responsible for cell aggregation. Plexin-B3
positively affects neuronal morphology independently
from semaphorin signalling (Hartwig et al., 2005).
Surprisingly, no adverse effects either on brain or spinal
cord, following the loss of Plexin-B3 in mice has been
reported in the literature (Worzfeld et al., 2009). This
lack of effect following Plexin-B3 loss has been
attributed to the putative involvement of several other
functionally redundant semaphorin/Plexins, Eph/ephrins,
PDGF/PDGFR, FGF-2/FGFR interactions. 

Plexin-B1 is the most extensively studied receptor
among this family. Altered expression of this molecule
has been indicated in different types of cancers as shown
in table 1. In the present review the significance of this
molecule in relation to physiological and pathological
states has been addressed.
Interacting molecules and signaling mechanism of
Sema4D and Plexin-B1

Upstream regulators for Sema4D and Plexin-B1

CD38 can act upstream of Plexin-B1 (Deaglio et al.,
2005). Stringent regulation of CD38 on B-cell
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Table 1. Expression of Plexin-B1 in different cancers.

Type of cancer Clinical findings Reference

Prostate Higher protein intensity observed in neoplastic in comparison to non neoplastioc tissues, Similar trend observed
in mRNA levels when compared among primary cancer and non-neoplastic tissues Wong et al., 2007

Renal
Carcinoma

Reduced expression of Plexins-B1 in renal carcinoma cells (169 out of 209) in comparison to normal renal cells
using immunohistochemistry

Gomez Roman et
al., 2008

Breast Cancer Loss of Plexin-B1 was correlated with poor disease free survival and overall survival correlated expression in
Stem cell like ER positive cancer and tumour proliferation

Rody et al., 2007,
2008

Ovarian Cancer
Co-expression of both plex-B1 and Met was associated with worse grade and higher incidence of lymph node
metastases Valente et al., 2009

Immunoreactivity showed gradual increase from stage I to stage IV but lack any statistical significance. However,
Plexin-B1 directly involved in lymphatic metastasis in a cohort of 120 tissue Ye et al., 2010

Skin Cancer Higher expression of Plexin-B1 observed in benign and primary melanoma as compared to metastatic melanomas
showing reduced/loss of signals. Stimulated B-Raf/MKK cascade also lead to suppression of Plexin-B1 in WM239A

Stevens et al., 2010;
Argast et al ., 2009

Cervical Cancer Over expression of Plexin-B1 in cervical tumours (n=21) as compared to normal cervical tissues (n=40) Qiang et al., 2011



ontogenesis is observed and maximal expression of
CD38 is seen in bone marrow precursors. CD38
expression is higher during early B-cell precursor
development and plasma cell differientation. Reduced
levels of CD38 have been observed in normal B cells
which reappear in terminally differentiated plasma cells
(Malavasi et al., 1994). In B-cell chronic lymphocytic
leukaemia (CLL), CD38 (receptor) and CD31 (ligand)
interaction upregulates Sema4D, acting as a growth
promoter and cell survival factor (Kumanogoh and
Kikutani, 2001, 2003). Expression of both Sema4D and
Plexin-B1 led to an increase in life span of B cells in
CLL patients (Deaglio et al., 2006). Synergistic
activation of both CD38 and ZAP70 (T-cell marker) lead
to poor survival and disease progression in CLL
(Deaglio et al., 2007). The effect of CD38 on
phosphorylation of ZAP70 in B cell lineage is an area
that requires further research. Hence, CD38 cross talks
with Sema4D, Plexin-B1 (upregulation) and CD72
(down regulation), orchestrates cells proliferation,
survival and differentiation. Similarly, hypoxia induced
factor (HIF-1) influences Sema4D expression. Upstream
localized hypoxia response elements (HRE) increase
Sema4D expression resulting in the promotion of
angiogenesis, and increased tumour growth and
invasiveness through interaction of Sema4D with Plexin-
B1 receptor (Siebold et al., 2005; Sun et al., 2008).
Hence, it is worthwhile exploring the influence of
hypoxic conditions on the expression profiles of both
molecules in different organs. Increased expression of
Sema4D, its high affinity receptor (Plexin-B1), has been
observed in proliferating B-cells accompanied by
concomitant loss of CD72 (Kumanogoh et al., 2000;
Deaglio et al., 2005). These elements provide a novel
cue in CLL where CD38/CD31 interactions can
influence Sema4D expression and Plexin-B1 activation
through a ZAP70 dependent pathway. 
Plexin-B1 interactions with molecules

Plexin-B1 receptor interaction with cMet, Rho
GTPases Rac1, RhoA, Erb 2 and F-actin has been
extensively reported in the literature. Depending upon
the location, intensity and interacting molecule these
interactions mediate variable and sometimes quite
contrasting results. Extracellular domains of all
Semaphorins, Plexins and hepatocyte growth factor
receptors share structural homology (Sema and MRS;
Met related sequence regions) (Winberg et al., 1998;
Tamagnone et al., 1999). Binding of Sema4D with
Plexin-B1 stimulates Met kinase activity inducing
tyrosine phosphorylation of both Plexin-B1 and Met
receptors (Giordano et al., 2002; Chedotal et al., 2005).
Interaction between Plexin-B1 and Met are essential for
epithelial cell anchorage, independent growth and
invasiveness. Other studies have shown the interaction
of two members, M-Ras and R-Ras, with the GAP
region of Plexin-B1 leads to suppression of ras mediated
cellular function (Oinuma et al., 2004; Saito et al.,

2009). In neural and melanoma cells, these interactions
resulted in inactivation of integrin ‚1, restricting cellular
motility and reduced outgrowth (Oinuma et al., 2006;
Argast et al., 2009). Interaction of Plexin-B1 with
RhoGTPase members in their active forms is required
for mobilizing the actin cytoskeleton (Negishi and Kato,
2002). ErBb2 mediated phosphrylation of Plexin-B1
activates downstream activators Rho A and Rho C,
responsible for breast cancer cells invasiveness
(Worzfeld et al., 2012). Hence, interaction of Plexin-B1
with Met extracellularly and with Rho and Ras
intracellularly produces quite contrasting findings. These
variable features may depend on the type of organ
involved, and the localization and expression of recptors
in the vicinity, as well as the interactions stimulated. 
Interaction with GTPases

Plexin-B1 specifically interacts with Rac via its
cytosolic Cdc42/Rac interactive binding (CRIB) motif
encompassing 180 residues. The formation of a complex
between Rac1 and the cytoplasmic domain of Plexin-B1
is one of the first documented cases of a direct
interaction between a small guanosine 5’-triphosphatase
(GTPase) and a transmemberane receptor Plexin
(Bouguet-Bonnet and Buck, 2008). Upon the binding
with ligand (Sema4D), Plexin-B1 also interacts with
activated Rac via its cytosolic domain (Vikis et al.,
2000). Active Rac does compete with Plexin-B1 and p21
activated kinase for its downstream effects. The
interaction with Rac can reciprocally increase the
binding affinity of Plexin-B1 with Sema4D which
results in inhibition of Rac mediated PAK activation
(Vikis et al., 2002). Activated PAK regulates a formation
of filopodia and membrane ruffles (Frost et al., 1998),
whilst inactivated PAK results in growth cones collapse
as observed in Drosophila (Hu et al., 2001). Binding
affinity of Rho on Plexin-B1 (via dbl homology domain)
had been observed (Driessens et al., 2001). Interaction of
RhoA using PDZ-RhoGEF and LARG (Leukemia-
associated Rho guanine nucleotide exchange factor) with
Plexin-B1 has also been established. Interestingly, the
effect of Plexin-B1 on Rho mediated actin cytoskeletal
contraction had been observed in all these reports
(Driessens et al., 2001; Swiercz et al., 2002). PDZ-
RhoGEF and LARG molecules are members of the Rho-
GEF family and retain RGS (regulator of G protein
Signaling) and Dbl homology domains. In mammalian
cells, PDZ (PSD-95/SAP90-Discs-larg-ZO-1) domain
recognition motif at the C terminus of Plexin-B family
members specifically interacts with the PDZ domain of
PDZ-RhoGEF. Interestingly, the binding affinity of
Plexin-B1 with PDZ-RhoGEF/LARG is not influenced
by the presence of Sema4D presence but this interaction
increases recruitment of Plexin-B1 on cell membranes
(Swiercz et al., 2002). LARG is a RhoA-specific
guanine nucleotide exchange factor (GEF), and the PSD-
95/Disc-large/ZO-1 homology domain of LARG
interacts with Plexin-B1 for extracellular mediated
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stimulation of RhoA (Liu et al., 2008).
The cytoplasmic Rho binding domain (RBD) of

Plexin-B1 mapped has a binding interface for several
molecules, including Rac1, Rnd1, and RhoD. These
molecules are responsible for inducing several different
signalling pathways within the cell (Hota and Buck,
2009). Interestingly, increased axonal cell proliferation
and growth cone migration are largely influenced by a
Rac dependent pathway (Lin and Greenberg, 2000).
However, growth cone collapse via this Rac dependent
pathway has also been reported in several published
reports (Jin and Strittmatter, 1997; Kuhn et al., 1999;
Vastrik et al., 1999), which is regulated by Plexin
mediated Rho activation (Driessens et al., 2001).
Furthermore, inactivation of R-Ras (exchange from GTP
to GDP form) binding with Plexin-B1 (GAP domain)
leads to the detachment of the cell from the extracellular
matrix (ECM).

Apart from Plexin-B1 expression in the majority of
organs (Hall et al., 1996; Furuyama et al., 1996), CD72
is also another low affinity receptor for Sema4D found
in lymphocytes (Shi et al., 2000). Sema4D stimulation
induced tyrosine dephosphorylation of CD72 and its
dissociation from SHP-1. Inactivation of CD72 is
important for B cell aggregation and growth (Wu et al.,
1998; Ishida et al., 2003). 
Bidirectional signalling 

The role played by Plexins in bidirectional signalling
from either out to inside the cell or from inside to
outside the cell environment is still an evolving area
requiring further research. Earlier reports have shown
the existence of this dual channel molecular cross talk in
relation to embryonic heart formation and B
lymphotcyte differentiation (Billard et al., 2000;
Comoglio et al., 2004). Forward signalling from
Sema6D to Plexin-A1 stimulation is required for heart
ventricular expansion, while reverse signalling using
Plexin-A1 towards Sema6D is necessary for trabecular
formation of chicken embryonic heart. In the forward
signalling pathway, Plexin interaction via Her-2, off
track tyrosine kinases (OTK), Met, VEGFR2 and their
intercalated expressions do largely influence cellular
motility. In reverse signalling, members of the
vasodilator-stimulated phosphoprotein (Vasp) family are
immuno precipitated with Sema6D. The cytoplasmic
portion of Sema6D, which interacts with Abl kinases, is
conserved within the family (Toyofuku et al., 2004).
Hence, the Plexin-B1 ligand (Sema4D) may not be
interacting with the same group of kinases. However,
immuno precipitation of Sema4D along with protein
tyrosine phosphatases (CD45) had also been observed. It
had been shown that intracellular serine kinase showed
stimulation of T-cell activation (Elhabazi et al., 2003). In
addition, binding of calmodulin to the membrane-
proximal cytoplasm domain can prevent the ADMA17-
dependent cleavage of Sema4D (Mou et al., 2013).
However, Sema4D mediated responses in relation to

epithelial cells is an area that requires further research. 
Role of plexin-B1 in different physiological systems

Effect of Plexin-B1 on the nervous system

Both Semaphorin and Plexin family proteins are
inevitably involved in neuronal guidance, maturation
and regulation of motility. Differenitial expressions of
these proteins are also seen in different diseases related
to the nervous system. Genetic aberrations in Sema5A
and Sema3E are observed in Cri-du chat and CHARGE
syndrome respectively (Lalani et al., 2004; Clarimon et
al., 2006). Similarly, altered expression of Plexin-A2 and
Plexin-B3 are associated with schizophrenia and
impaired verbal performance (Wray et al., 2007; Rujescu
et al., 2007). As safe guards of neuronal outgrowth,
Plexins and Semaphorins are not highly expressed in
mature neural networks. This is under strict control, even
following injury, where class 3 and 4 Semaphorins are
up- regulated in myelinated cells mediated via
oligodendrocytes. These proteins are responsible for
preventing excessive axon sprouting and migration
(Moreau-Fauvarque et al., 2003; Shifman and Selzer,
2006). Plexin B members influence neurite outgrowth,
axonal growth cone collapse and arborisation. Although
loss of Plexin-B2 leads to abnormal development in the
nervous system, deletion of either Plexin-B1 or Plexin-
B3 do not result in phenotypic change in the nervous
system of mice (Deng et al., 2007; Worzfeld et al.,
2009). This suggests not only a compensatory role for
both molecules (Plexin-B1 and Plexin-B2) but also a
tissue specific receptor ligand interaction with Sema5A
with Plexin-B3 as well (Hartwig et al., 2005). However,
in another study, the importance of Plexin-B1 in
gonadotropin releasing hormone (GnRH-1) secreting
neuron motility was also reported. In the early
embryonic phase, neurons specific for GnRH-1 were
originally localized in the nasal placode. During
embryonic development, these cells migrate to the
hypothalamus under the stringent control of
Semaphorins and other molecules. Motility of these cells
is also mediated through the coupling of Plexin-B1 with
the Met receptor tyrosine kinase upon Sema4D
stimulation. Impaired expression of Plexin-B1 results in
a substantial decrease of neuronal cell (responsible for
GnRH-1 secretion) localization in adult brain leading to
idiopathic hypogonadotropic hypogonadisms (IHH)
(Giacobini et al., 2008). 

Both Sema4D and Plexin-B1 molecules are also
involved in the maturation of dendrites and neuronal
spine maturation. Neuronal spine maturation following
Sema4D exposure is believed to be mediated via the
RhoA/ROCK signalling pathway, as treating the cells
with ROCK inhibitor (Y-27632) restricts any elevation
in spine density (Lin et al., 2007). After Sema4D
stimulation, interaction of Plexin-B1 with PDZ-
RhoGEFs via its C-terminal is important for induction of
changes in dendritic spine. Although association of both
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these molecules has been mentioned in several
independent studies (Hirotani et al., 2002; Perrot et al.,
2002; Swiercz et al., 2002) its role in relation to
hippocampal neurons and RhoA/ROCK pathway has
only recently been established (Lin et al., 2007). It has
been observed that a Plexin-B1 mutant (lacking C-
terminus region) was unable to interact with PDZ-
RhoGEFs, leading to the blockage of Sema4D-induced
dendritic spine density increase. In contrast to earlier
studies, a decrease in fibroblast cell adhesiveness,
mediated by Plexin-B1 activation was also found to be
independent of the RhoA/ROCK pathway in both Cos-7
and 3T3 cells. Neither deletion of the PDZ domain
binding motif from Plexin B1 nor treatment with Y-
27632 (inhibitor for Rho dependent kinase) induced any
substantial effect in cellular collapse. However,
association of integrin and focal adhesion kinase do
mediate cell retraction. The exogenous exposure of
Sema4D to breast (SKBR3) and neuroblastoma (NB100)
cell lines resulted in disassembly of focal complexes and
relocation of integrin from the membrane to the
cytoplasm (Barberis et al., 2004). The effect of both
receptor and ligand interactions over subsequent stages
of neurite development, differentiation and maturation
have been explored and have shown the involvement of
Plexin-B1 activated receptor tyrosine kinase, but no
involvement of ERK pathway influx (Vodrazka et al.,
2009). 

Microglia are mononuclear phagocytes present in the
brain and are active respondents of injury and infection.
However, their persistent neuroinflammatory stimulation
is also quite harmful to the neurons (Streit et al., 1999).
The role of Sema4D and Plexin-B1 signalling in the
restricted cellular motility of activated microglia has
been observed (Toguchi et al., 2009). Thus, Sema4D and
Plexin-B1 mediated pathways act as gatekeepers for
repressing pro- inflammatory responses inside the brain. 

In vitro assay results have demonstrated a strong
binding affinity for mouse Plexin-A1 and Plexin-B1
molecules. Mouse Plexin-B1 amino acid sequence is
86% identical to human Plexin-B1 while its cytoplasmic
region is 97% identical to human Plexin-B1 (Usui et al.,
2003). 
Impact of Plexin-B1 in non- neural organs

The role of Plexin-B1 has been explored in mouse
embryonic tissue using non-radioactive in situ
hybridisation. Plexin-B1 has been found to be expressed
in both neuronal and non-neural tissues, and its
expression has been observed in mesenchymal cells of
the kidney, tooth enamel and developing sex chord of the
testis. Epithelial cells of olfactory, oral, lung and
intestine have also shown increased Plexin-B1
expression (Perala et al., 2005). The expression of
Plexin-B1, along with VEGFR1, is also found to be
lowered in bones of osteoarthritic individuals when
compared with normal controls (Hopwood et al., 2005).
Expression of Plexin-B1 has also been observed in
mouse follicular growth and ovarian maturation (Regev

et al., 2005). In another study, a number of different
human organs, including kidney, lung and liver showed
Plexin-B1 expression in both embryonic as well as adult
phases. In contrast to Sema4D expression being present
in majority of epithelial cells, the expression of Plexin-
B1 is confined mainly to the mesenchyme surrounding
epithelial tubules in organs such as the kidney, lung and
pancreas. A non redundant role of Plexin-B1 in mouse
development has been established (Fazzari et al., 2007).
Similarly, branching morphogenesis of ureteric
collecting ducts influenced by the Rho-ROCK pathway
has also been found to be restricted by Sema4D
mediated Plexin-B1 activation (Korostylev et al., 2008).
Higher expression of Plexin-B1 and glycodelin were
found in human endometrial tissues, with the higher
levels being observed during implantation (Amir et al.,
2009). Plexin-B1 and Sema4D are involved in a negative
feedback loop for maintaining balance among osteoblast
and osteoclast cells responsible for bone formation and
replenishment (Cao, 2011; Negishi-Koga et al., 2011).
Thus, a diversified and promising role for Plexin-B1 in
several organs of the body has been reported. 
Plexin-B1 involvement in the immune system

In a previous study, expression of Plexin-B1 had
been observed in bone marrow stromal cells,
dendrocytes and activated T cells of patients with B-cell
Chronic Lymphocytic Leukemia (CLL). Under Sema4D
stimulation, Plexin-B1 brings about increased
proliferation of both CLL and normal CD5+ B cells
(Granziero et al., 2003). Interaction of both molecules
(Plexin-B1 and CD72) with Sema4D has been reported
in the literature (Tamagnone et al., 1999; Kumanogoh
and Kikutani, 2003). In contrast to the interaction of
Sema4D with Plexin-B1 resulting in enhanced
proliferation, interaction of Sema4D with CD72 restricts
cell proliferation (Granziero et al., 2003). Reduced
expression of Plexin-B1 has also been reported in
monocytes, B and T cells during inflammation and these
findings were also in line with previously published
studies conducted on mouse Sema4D (Kumanogoh and
Kikutani, 2001; Ishida et al., 2003). Sema4D mediated
stimulation in monocytes can bring about up regulation
of pro-inflammatory cytokines. Increased levels of
cytokines TNF-alpha, IL-6 and IL8 were observed in
endothelial cells when treated with either soluble
Sema4D or anti human CD72 agonist affecting cell
motility (Chabbert-de Ponnat et al., 2005; Yang et al.,
2011). Variation of Plexin-B1expression depends upon
numerous factors and types of tissue specificity, nature
of transducers and interacting molecules (Bertotti and
Comoglio, 2003).

Interaction of Rnd1 (a Rho family member) along
with Plexin-B1 is responsible for an increase in RhoA
mediated cell motility independent of Sema4D.
Similarly, Ras binding with Plexin-B1 is also influenced
by Rnd1 interaction with Plexin-B1. Binding of Rnd1
changes the structural topology of Plexin-B1 for
mediating, interaction with active rac1, tyrosine
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phosphorylation by Her-2 and R-Ras inactivation
(Oinuma et al., 2003, 2004; Pasterkamp, 2004). R-Ras
GTPase activity is key in inducing growth cone collapse
by mediating dephosphorylation of phosphatase and
tensin homolog (PTEN). Phosphorylated PTEN is
unable to carry out its role in regulating the
phosphatidylinositol 3-phosphate (PIP3) level. In a
recent report the effect of the interaction of Sema4D and
Plexin-B1 on the activation of the PTEN molecule was
established and proposed as the main factor responsible
for growth cone collapse (Oinuma et al., 2010).
Activation of the phosphoinositide 3-kinase (PIP3K)
pathway is also among the prerequisites for the initiation
of angiogenesis, as it functions downstream of activated
RhoA (Binmadi et al., 2011). However, in a study
conducted on an ovarian cancer cell line (SKOV3) a
reduction of Plexin-B1 expression was found to restrict
cell proliferation and migration by inhibiting Akt
activity. This finding can be explained by the
downstream activation of ErbB-2, to provoke RhoA
mediated cell motility, instead of Met, as proposed by
Swiercz et al. (2008). Hence, Plexin-B1 based regulation
is also influenced by its receptor binding, leading to
completely opposite responses.
Role of Plexin-B1 in human uterine cells

Previously, the involvement of Plexin-B1
involvement in cell retraction from the basement
membrane and role in cell adhesion has been
established. A contrasting role of this molecule in
relation to cell adhesiveness has also been observed in
other cell lines. The effect of Plexin-B1 on Jar
choriocarcinoma cell spheroid adhesion, on both
receptive as well as non-receptive endometrial cell lines
(RL95-2 and HEC-1A) showed the same findings. A
direct correlation of JAR spheroid attachment rate with
RL95-2 was observed. However, no direct effect of
Plexin-B1 on spheroid growth was observed. Specificity
of Plexin-B1 adhesiveness was also confirmed after a
forced transfection of Plexin-B1 transgenes in HEC-1A
(lacking Plexin-B1 expression). HEC-1A cells showed
reduced adhesion when compared with their counterpart
transgene cell line retaining Plexin-B1 expressing
molecule (Harduf et al., 2007). In a relatively more
recent study, implantation of spheroids on the uterine
cell lines had also been influenced by both Plexin-B1
and cMet heterodimer cross talk (Harduf et al., 2009).
Hence, Plexin-B1 does impart a significant role in
endometrial receptivity and in the attachment process of
the blastocyts.
Effect of various hormones on Plexin-B1 

Based on the hierarchical clustering of gene
expression, malignant breast tumours have been
classified into four subgroups (luminal A and B, basal-
like, normal-like and erbB2-like) (Sorlie et al., 2001).
However, in several reports, distinct association of a
particular gene expression in relation to a single

particular subgroup is lacking and an overlap of genes in
expression profiles has been observed (Wang et al.,
2005; Ein-Dor et al., 2005; Pau Ni et al., 2012). Only
those sets of genes expressing stem cell like (SCL)
signatures were identified using microarray analysis. In
addition to expressing established stem cell markers
(CK5, 6, 14, ITGA6, S100A1, CD24), SCL show both
ER positive as well as ER negative states. An inverse
correlation between ER state and proliferation was
observed in SCL, while a direct correlation of ER
positivity with growth was a marked feature of non
stem-like cells (Non-SCL). Cluster analysis of 828 ER-
regulated genes in both SCL and Non-SCL groups led to
the identification of (AHSA2), (RNPC2) and Plexin-B1.
Higher expression of Plexin-B1 in ER positive status is
correlated with increased disease free and overall
survival (van de Vijver et al., 2002). The direct
expressional correlation of Plexin-B1 with ER status was
observed in only those cancer cells showing stem cell
like (SCL) expression status, where proliferative activity
was coupled with ER status (Rody et al., 2007). Thus,
the Plexin-B1 molecule acts as a mediator responsible
for ER mediated restriction of cellular growth. In
another study, no association was observed of Plexin-B1
with ER negative samples (p=0.85). However, a
significant inverse correlation regarding Plexin-B1 with
ER status (p<0.001) was established in the given dataset
(n=1086) (Rody et al., 2008). Hence, these studies
endorse the earlier findings suggesting Plexin-B1 to
have a potential prognostic as well as ER positive
correlation. 

No significant association between progesterone or
testosterone with Sema4D levels has been observed in
relation to follicular maturation. The effect of Sema4D
and Plexin-B1 in maturation of ovarian follicles
significantly correlates with oestradiaol (E2). Though E2
levels were already increasing due to follicle maturation,
a peak in the expression can be seen following
introduction of Sema4D. Interestingly, introduction of
neutralizing antibodies against Plexin-B1 also abolished
the E2 surge. This ligand receptor interaction (Sema4D
and Plexin-B1) mediates a signalling cascade which
influences mitogen activated protein kinases (MAPK)
(Regev et al., 2007). 
Cross roads among different signalling pathways

Cross talk with c-Met and ErbB-2 

ErbB-2 can influence Sema4D Plexin-B1 complex
mediated downstream effector response. This was
illustrated through the observation that AG1478, an
inhibitor of the ErB family, also impaired Plexin-B1
mediated RhoA activity in Cos and human embryonic
kidney cells (HEK 293). Interestingly, ErbB2 is involved
in inducing phosphorylation of Plexin-B1 and RhoA
activation following exposure to Sema4D. However, no
regulation of Sema4D via ErbB2 in cells lacking Plexin-
B1 expression has been observed. In the same study, it
was also observed that PDZ/RhoGEF and ErbB-2
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interacting motifs also require Plexin-B1 to mediate cell
cytoskeleton rearrangements (Swiercz et al., 2004). In
another study, the role of Met as a downstream mediator
for Plexin-B1 leading to inactivation of RhoA has also
been observed (Giordano et al. 2002). In another study,
phosphorylation of Plexin-B1, following Sema4D
stimulation, is required for its interaction with Erb-B2.
This complex leads to the activation of the Rho
molecule. Phosphorylated Plexin-B1 provides a docking
site for the phospholipase C gamma (PLCgamma) SH2
domain. This complex is required for activation of the
Rho guanine nucleotide exchange factor PDZ-RhoGEF,
regulated by the SH3 domain of PLCgamma (Swiercz et
al., 2009). In this study, non enzymatic involvement of
PLCgamma in the phosphorylation of Plexin-B1 was
found to be the factor responsible for RhoGEF mediated
cell signalling. Earlier findings regarding c-Met and Her-
2 interactions with Plexin-B1 may be attributed to the
differences in HEK 293 and MLP29. These contrasting
features are also observed in other cell types, when
exposed to Sema4D. Sema4D stimulation in neurons
results in inhibition of PI3K and Akt signaling (Ito et al.,
2006), while in endothelial cells the Akt pathway was
activated under Sema4D exposure (Basile et al.,
2007a,b). The molecular mechanisms underlying this
versatility of Plexin signaling require further full
elucidation. It is worthwhile to mention here that the
HGF family contains two similar proteins, the Met gene
encoding hepatocyte growth factor receptor and the Ron
gene encoding macrophage stimulating protein (MSP).
The extracellular domain of these factors contains a
Sema domain together with a short stretch of 60 amino
acids, called the Met related sequence (MRS). The
intense binding affinity of these factors mediates
tyrosine phosphorylation of all three members of the
Plexin-B family leading to invasiveness and tumour cell
proliferation (Conrotto et al., 2004; Capparuccia and
Tamagnone, 2009). Apart from tissue specific expression
of Sema4D and Plexin-B1, autocrine secretions from
neighbouring cells in the tumour microenvironment also
influence cancer cell adhesion and motility. Similarly,
the combined effect of several Semaphorins and other
molecules inside the cell result in these contrasting
findings. 
The role of Plexin-B1 in MAPK and GSK-3 Signalling

Plexin-B1 is also actively involved in the activation
of the MAPK signalling pathway. Following Sema4D
activation, increased phosphorylation of Plexin-B1 leads
to activated ERK. Activation of MAPK signalling
requires the presence of the Plexin-B1 C-terminus
(Aurandt et al., 2002; Hirotani et al., 2002; Perrot et al.,
2002; Swiercz et al., 2002). It has also been shown that
the overexpression of LARG can result in RhoA
activation. Activated RhoA enhanced ERK activity
towards Elk, via the stimulation of a mediator molecule
Raf. Hence, the C-terminus of Plexin-B1, Rho-A binding
domain, LARG mediated activation and phosphorylation
of Raf are all important players of the ERK pathway

(Aurandt et al., 2006). Plexin-B1 expression can also
induce dephosphorylation of GSK-3, mediating growth
cone collapse. Sema4D induced dephosphorylation of
Akt or GSK-3beta was not seen in the absence of Rnd1
or Plexin-B1, which similarly highlights its importance
in restricting cell proliferation (Ito et al., 2006).
Involvement in cancer and angiogenesis

Plexin-B1 ligand (Sema4D) either as oncogene or
tumour suppressor

Immunohistochemical staining of around 700 head
and neck squamous cell carcinoma paraffin embedded
tissue samples has highlighted Sema4D involvement in
disease progression. A significant increase of Sema4D
was observed in invading islands of transformed
epithelial cells in comparison to normal and non-
invasive dysplastic epithelium. This finding was also
consistent with previous findings by the same group in
oral, prostate, colon, breast and lung cancer tissues. For
tumour growth and metastasis progression a persistent
vascularisation is required in different types of solid
tumours. Recently, down- regulation of Sema4D and
Sema4F have also been observed in grade 3 breast
tumours when compared with benign tumour tissues
(Gabrovska et al., 2011). These contrasting findings are
justified on the basis of three main attributes, 1)
Involvement of other factors revolving around
Semaphorins and their cognate receptors 2)
heterogeneity of the cell environment and 3) protective
effect of a protoncogene in benign tumours. Increased
expression of Plexin-B1 in endothelial cells was found to
be responsible for vascularization and stress fibre
formation under the influence of stromal Sema4D
expression (Basile et al., 2006). Contrary to earlier
findings, in melanoma induced by the Raf oncogene,
Plexin-B1 expression was found to be significantly
down regulated (Argast et al., 2009). Hence, Plexin-B1
is strongly believed to be regulated by mitogen-activated
protein kinase signalling in melanoma cells and
melanocytes, where it acts as a tumour suppressor in the
initial phase of the disease. 
Association with matrix metalloproteinases

The pro-angiogenic potential of Sema4D is mediated
via its paracrine action on endothelial cells. For
paracrine activity, initial cleavage of Sema4D is
influenced by metalloproteinases. Matrix metallo-
proteinases are zinc dependent endopeptidases
responsible for the degradation of the extracellular
matrix. Type 1 metalloproteinases specifically target
membrane bound proteins and retain peri-cellular
proteolytic activity for the processing of membrane
bound receptors (Sato et al., 1996). Up-regulated
expression of MT1-MMP was significantly related to
Sema4D cleavage. In a related set of studies, conducted
on head and neck squamous cancer cells, pro-angiogenic
potential of Sema4D and Plexin-B1, influenced by MT1-
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MMP, has also bee established. As in HN12, cells
lacking MT1-MMP expression failed to induce any
vascularisation despite the presence of Sema4D (Basile
et al., 2006, 2007a,b).
Involvement of Plexin-B1 as an angiogenic marker 

Nervous and vascular systems share several
anatomical and developmental similarities as both of
these systems run together in neurovascular bundles and
in peripheral tissues. Interestingly, these shared
developmental links also assist scientists to speculate
whether there is a similar mechanism of molecular
control over the growth and migration of vessels
(Carmeliet, 2003; Autiero et al., 2005). Germination of
vessels, and their direction guidance in extracellular
matrix over great distances to reach their designated
targets of innervation, uses a similar analogous process
as observed in the nervous system (Dickson and Senti,
2002). Plexins are involved in cardiovascular
development enhancing blood vessel formation. In fact,
mutations in Plexin-A2, Plexin-D1, Sema3C, Sema3E
and NRP1 lead to defective aotic arch and cardiac
outflow tract termed DiGeorge and Velocardiofacial
syndrome (Gu et al., 2005; Toyofuku et al., 2008). A
dual role of Sema4D, either as an angiogenic promoter
or suppressor has also been observed. After vascular
injury, thrombosis formation, led by platelet occlusion, is
mediated by an overall increased expression of Sema4D
and its receptors (CD72 and Plexin-B1) on platelets.
Furthermore, soluble Sema4D (cleaved from platelets) in
addition to interacting with membrane bound Plexin-B1,
also communicates with neighbouring endothelial cells
to form a plug. This cleavage of membrane associated
Sema4D was shown to be induced by metalloprotease
ADAM17, also known as tumour necrosis factor (TNF-
alpha) (Zhu et al., 2007). These findings were also
observed in HNSCC cells where higher levels of soluble
Sema4D were seen following the increased expression
of MT1-MMP (Basile et al., 2007a,b). Altered actin
organization, cell migration and tube formation caused
by Sema4D has also been observed in several tumour
cell lines (Basile et al., 2004). Sema4D and Plexin-B1
can induce tubule formation and angiogenesis
independent of the Met receptor, but do require the
PDZ/Rho GEF and the LARG binding motif of Plexin-
B1 (Basile et al., 2004). However, no stimulation of any
other vascular factors including VEGFA, angiopoietin-2
or HGF was found to be influenced by Sema4D or
Plexin-B1 (Conrotto et al., 2005). More interestingly, a
recent study revealed a complementary role of
Sema4D/Plexin-B1 parallely functioning together with
VEGF. It suggests that targeting Sema4D/Plexin-B1 may
enhance the anti-angiogenic treatment of targeting
VEGF (Zhou et al., 2012a,b). In another study Sema4D
stimulated Plexin-B1 was found to elicit an angiogenic
phenotype by promoting the formation of focal adhesion
complexes, stress fibers and the phosphorylation of
myosin light chain through a ROCK mediated pathway
(Basile et al., 2007; Sun et al., 2008). In the absence of

Sema4D, breast tumour metastasis and angiogenic
ability was largely compromised in vivo. Interestingly,
tumour associated macrophages were identified as a
main contributing source of tumour microenvironment
proliferation and angiogenesis (Sierra et al., 2008). In
addition, the involvement of Sema4A and Plexin-B1 in
the progression of atherosclerosis and neovasuclarization
in tumour growth has also been observed (Yukawa et al.,
2010).
Plexin-B1 involvement in cellular adhesion and motility

Although Plexin-B1 lacks any intrinsic kinase activity, it
mediates its effects on cytoskeletal dynamics, integrin
mediated cell adhesion and motility using either tyrosine
kinase receptors (c-Met, Her-2) or non-tyrosine kinase
receptors (pyk2, Src). Semaphorins do regulate integrin
expression, although this molecular mechanism requires
further research (Serini et al., 2008). Plexin-B1 has been
shown to deactivate R-Ras, thus having a direct
influence on cell adhesion (Puschel, 2007). Ras
activation leads to focal-adhesion formation which
influences cell spreading, migration and invasion via
PI3K (Negishi et al., 2005). 

Plexin-B1, along with Sema4D, exhibits increased
cellular motility in endothelial cells through the
activation of the tyrosine kinase cascade inside the cells.
Phosphorylation of both PYK and Src molecules leads to
the activation of the phosphatidylinositol 3-kinase
(PI3K)-Akt pathway (Basile et al., 2005). R-Ras, a
member of the ras family, involved in cell adhesion,
neurite outgrowth and integrin activation is also
regulated via binding to Plexin-B1 in the cytoplasm
(Negishi et al., 2005). A restricted axon growth pattern
of sensory neurons has also been observed in the COS
cell line mediated by the influence of Plexin-A1,
neuropilin and Plexin-B1 (Turner and Hall, 2006).
Sema4D mediated antagonistic effects on integrin
(alpha1 and beta1) and R-Ras motility was also
influenced by its high affinity receptor Plexin-B1
(Oinuma et al., 2006). Indirect inhibition of PI3-K, a
downstream effector of R-Ras, is mediated by this
receptor ligand interaction as well as by activating
PTEN. 
Future prospects

Expression of Plexin-B1 in both cancers of neuronal
and non-neuronal origins highlights a multifaceted role
of this molecule in cancer progression. The dual nature
of Sema4D, acting either as a tumour suppressor or
oncogene in different tissues, is largely influenced by
Plexin-B1 mediated downstream signalling. Lacking a
tyrosine kinase domain, Plexin-B1 acts more like a
freelance entity, as studied in relation to different trans-
membrane receptors. Depending upon the nature/type of
tissue involved, expressional variability has also been
observed in relation to both breast and prostate cancer.
The effect of oestrogen on the regulation and
localization of Plexin-B1 is also one of the limiting
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factors yet to be addressed. Due to the heterogeneous
nature of cancer, Plexin-B1 along with other members of
Semaphorins and Plexins need further studies in relation
to cancer. Sema4D and Plexin-B1 are initially
characterized as guardians responsible for growth cone
collapse, yet their increased expression in relation to
different tumours and cancer cell lines is very intriguing.
One possible explanation is the heterogeneity and high
genetic aberrations of cancer cells. This idea is well
supported by the fact that in most of the reports
regarding the expression of these molecules the tumours
were observed at more advanced stages, particularly
with poor differentiation. The impact of Plexin-B1 in
tumour angiogenesis provides a novel therapeutic target,
as reducing expression of Plexin-B1 consistently shows
impaired neovasculariazation in different cell lines and
various in vivo models, an area that is still under
rigorous investigation. 
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