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Abstract

The significance of semaphorin3A (sema3A) in regulating immune-mediated inflammation is widely
reported. There are multiple mechanisms involved in the process of sema3A-mediated regulation.
One of them is the ability of sema3A to maintain a sufficient regulation of both T-cell and B-cell acti-
vation. Because it is involved in the pathogenesis of many autoimmune, infectious, and malignant dis-
eases, sema3A turns to be a promising therapeutic tool to be studied and applied in these diseases.
Keywords: Semaphorin 3A, immune mediated diseases, atopic diseases

Introduction

Semaphorins are a large family of secreted and membrane-bound proteins, characterized by a homolo-
gous cysteine-rich domain of approximately 500 amino acids in an N-terminal extracellular domain, called
the semaphorin domain. Classes 2 and 3 are secreted proteins, whereas classes 1,4, 5, and 6 are membrane
bound (1, 2). In addition to being involved in tumor angiogenesis, metastasis, and tumor survival, sema-
phorins are continuously reported to be important regulators of immune-mediated responses, thus also
called immune semaphorins. They are expressed on most immune cells, such as T, B, and macrophages.
Semaphorins were shown to be involved in all phases of both normal and pathological immune responses
(3-5). In the last decade, semaphorin3A (sema3A) was recognized as one of the most active semaphorins
in the modulation of inflammatory conditions, therefore receiving special attention. The expression of se-
ma3A and its receptors, neuropilin-1 (NP-1), neuropilin-2 (NP-2), and plexins, were found to be increased
on differentiating macrophages and activated T cells, suggesting that they may play the key role in im-
mune-mediated diseases (5, 6).

When sema3A was added to co-culture of dendritic and T cells, it significantly inhibited allogeneic T-cell
proliferation. In addition, by acting directly on T cells, sema3A blocked anti-CD3/CD28-induced T-cell pro-
liferation. In contrast, when endogenous sema3A was neutralized by blocking antibodies, one could see
the reverse in T-cell proliferation, suggesting that the inhibition of T-cell proliferation is sema3A dependent.
Similarly, sema3A was also found to be involved in the regulation of human thymocyte migration and
proven to inhibit triggered chemotaxis by CXCL12 (7, 8). Of the many immune-regulatory functions of
sema3A, one should mention its involvement in the maintenance of self-tolerance. Semaphorin3A triggers
a pro-apoptotic process by sensitizing leukemic T cells to Fas (CD95)-mediated apoptosis. It provokes Fas
translocation into lipid raft micro domains before binding with agonistic antibody or FasL (CD95L). Dis-
ruption of lipid rafts reduces sensitivity to Fas-mediated apoptosis in the presence of sema3A. The present
study emphasizes the role of sema3A in controlling Fas-mediated apoptosis and the prevention of im-
mune-mediated inflammation (9). Because of its above-noted characteristics, sema3A can be used in the
treatment of immune-mediated diseases. Below, we discuss sema3A involvement in specific immune-me-
diated diseases (Figure 1).

Semaphorin3A and rheumatoid arthritis (RA)

The levels of sema3A (a repellent of sympathetic nerve fibers) were found to be increased in the synovi-
al tissue of patients with RA and in association with synovial damage (10). Taking into consideration the
regulatory function of sema3A, researchers looked to sema3A as a good candidate in treating RA. In a
study by M. Catalano, the effect of injected sema3A was examined in a mouse model of collagen-induced
arthritis (CIA). The administration of plasmid DNA encoding sema3A significantly reduced the incidence,
disease severity, and articular damage when compared with mice injected with empty plasmid. On the
one hand, sema3A reduced anti-collagen IgG levels and decreased the release of relevant pro-inflamma-
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Figure 1. Semaphorin 3A is a unique regulatory molecule playing a role in the management
of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), systemic sclerosis (Ssc), and

allergic rhinitis (AR).

Table 1. The expression of sema3A in serum and regulatory cells in immune mediated diseases

Sema3A Sema3A Sema3A
Disease in Serum in Treg Cells in Breg Cells
Rheumatoid arthritis Reduced Reduced ND
Systemic lupus erythematosus Reduced Equal to normal controls Reduced
Familial Mediterranean fever Reduced during Reduced during Reduced during

attacks attacks attacks
Systemic sclerosis Reduced Reduced Reduced
Inflammatory bowel disease Equal to Reduced ND

normal controls during attacks

Atopic dermatitis ND ND ND
Atopic diseases ND ND ND

tory cytokines such as IL-17 and IFN-gamma.
On the other, it increased the serum level of
the anti-inflammatory cytokine IL-10 (11). In
line with these findings, sema3A expression
was found to be decreased on CD4*T cells of
RA patients, whereas NP-1 expression on these
cells was increased. CD4+NP-1+T cells, known
as T regulatory cells and a source of IL-10, were
reported to be decreased in RA. In this case,
the addition of sema3A into a co-culture with
T cells acts directly on CD4+NP-1+T cells and
increases IL-10 production, supporting its ther-
apeutic beneficial effect in RA (11). In a recent
study, the expression of sema3A in synovial tis-
sues of RA patients was investigated. Disease
activity and the histological features of synovi-
al tissues were also assessed in relation to se-
ma3A expression. Human synovial tissues were
obtained from established RA patients, com-
pared those of patients suffering from osteoar-
thritis (OA), and assessed for sema3A, VEGF-A,
and NP-TmRNA expression, using quantitative

real-time polymerase chain reaction (gPCR).
The protein expression of sema3A in synovial
lining cells was decreased in RA tissues com-
pared with that in OA samples. Sema3A mRNA
levels correlated with the inflammation score,
namely with the extent of lymphocyte infiltra-
tion (R=0.50, p=0.004). Thus, the correlation of
sema3A expression in RA synovial tissues may
become a therapeutic target in RA (12).

Semaphorin3A and systemic lupus
erythematosus (SLE)

Hypothesizing that sema3A may have a similar
role in SLE, we assessed its serum levels in SLE
patients. Sema3A serum levels in SLE patients
were found to be significantly lower than in RA
patients (55.04£16.30 ng/mL vs. 65.54+14.82
ng/mlL, p=0.018) and lower yet than in normal
individuals (55.04+16.30 ng/mL vs. 74.41+17.60
ng/mL, p<0.0001). Serum sema3A levels in SLE
patients were low in negative correlation with
SLE disease activity, renal damage, and the

presence of relevant autoantibodies (R=-0.89,
p<0.0001) (13). Being the source of autoanti-
bodies and pro-inflammatory cytokines, the
regulatory status of B cells was evaluated. The
expression of sema3A on B regulatory (Breg)
cells, namely CD19*CD25"" and NP-1* was
analyzed. As expected sema3A expression on
these cells was significantly lower in SLE pa-
tients when compared to B cells from normal
individuals, suggesting this to be in part re-
sponsible for B-cell auto-reactivity in SLE. Our
other finding was the down-regulation of NP-1
expression on B cells from SLE patients, sug-
gesting that both sema3A and NP-1 are essen-
tial in the process of regulation autoimmunity
in SLE (13). Auto-reactive B cells in SLE are char-
acterized by the over-expression of TLR-9 and
increased production of IL-6 and IFN-gamma.
This increased expression was found to be in
positive association with SLE disease severity
and with anti-dsDNA antibody production.
Considering sema3A to be an important reg-
ulator in autoimmune diseases, we analyzed
the possibility of lowering TLR-9 expression on
B cells by co-culturing them with sema3A. We
found that the addition of sema3A to activated
B cells of SLE patients decreased the expres-
sion of TLR-9, strengthening the idea of using
sema3A as a therapeutic agent for SLE (13). The
expression of CD72 (a regulatory molecule) on
B cells is critical in the process of regulating/
suppressing B-cell over-activity. The ligation of
CD72 on B cells was found to down-regulate
B-cell receptor-related signaling, thereby main-
taining self-tolerance (14). With this in mind,
we conducted a study, seeking to evaluate the
expression of CD72 on activated B cells from
individuals with SLE and healthy individuals.
We founded that CD72 expression was signifi-
cantly lower in patients with SLE when com-
pared to that in healthy controls. This lower
expression of CD72 in patients with SLE cor-
related inversely with SLE disease activity and
was associated with lupus nephritis, the pres-
ence of anti-dsDNA antibodies, and with low
levels of complement. Our important finding
was that co-culturing of purified B cells with
recombinant sema3A resulted in significant
up-regulation of CD72 on B cells from normal
controls and patients with SLE, although lower
than in normal controls. The improvement of
CD72 expression following the addition of sol-
uble sema3A may lead to its established usage
as a beneficial therapy in many autoimmune
diseases (14).

Semaphorin3A and other rheumatic diseases

The possible involvement of Treg and Breg
cells in the pathogenesis of familial Mediter-
ranean fever (FMF) was previously suggested.
Being a marker of both Treg and Breg cells, sol-
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uble and membrane-bound sema3A was as-
sessed in 17 patients with FMF during attacks
and in remission. Eight patients with smol-
dering disease and 12 healthy controls were
included. The serum level of sema3A was re-
corded as much lower in FMF patients during
attacks or remission compared to serum
levels in healthy controls (242+9.8 ng/mL vs.
232+22.7 ng/mL vs. 323+160 ng/mL respec-
tively, p<0.05). In addition, the expression of
sema3A on Treg (57.2%+8.3 during attack vs.
77.2%=%10.3 in remission vs. 88.7%%3.6% nor-
mal controls, p<0.01, respectively) and Breg
cells (69.5%+9 during attack vs. 83.4%+5.8
in remission vs. 82.6%+6.4% normal controls,
p<0.05, respectively) was significantly lower
in patients with FMF during attacks, but was
normalized in remission. It is therefore possi-
ble that healthy Treg and Breg cells, namely
the proper expression of sema3A are required
to end FMF attacks (15). In another recent
study, the involvement of sema3A in system-
ic sclerosis (SSc) was also reported. Here, 27
patients with SSc, 42 patients with SLE, and
28 healthy controls were studied. Serum lev-
els of sema3A and the expression of sema3A
on Treg cells were assessed in all studied indi-
viduals. Serum levels of sema3A were found
to be significantly lower in patients with SSc
compared to healthy individuals (14.38+5.7
vs. 27.14+8.4 ng/mL, p<0.0001), but similar to
that in SLE (15.7+4.3 ng/mL). The expression
of sema3A on Treg cells was also significantly
lower in patients with SSc when compared to
normal controls (61.7+15.7% vs. 88.7+3.7%
(p<0.0001). The lower serum level of sema3A
was inversely correlated with disease duration
(r=-0.4, p=0.036) and correlated with low C4
levels (r=0.66, p=0.026). Thus, the finding of
reduced sema3A expression on Treg cells in
patients with SSc may reflect their impaired
regulatory function, thereby contributing to
our understanding of the immune patho-
genesis of this disease. This finding suggests
that increasing the sema3A level in the serum
and/or on Treg cells may serve a future strate-
gy for follow-up and treatment (16, 17).

Semaphorin3A and inflammatory bowel
disease (IBD)

The possible involvement of semaphorins in
peripheral immune responses and bowel tis-
sue inflammation of patients suffering from
Crohn’s disease (CD) and ulcerative colitis
(UC) was also evaluated. Serum levels of se-
ma3A and sema4A, their expression on Treg
cells, and their tissue expression in bowel
biopsies were assessed in CD, UC, acute di-
verticulitis (a disease control), and in healthy
individuals as normal controls. The percent-
age (%) of sema3A expressing Treg cells

with active CD (64.5%+14.49%) and active
UC (49.8%+16.45%) was significantly lower
when compared to that of healthy controls
(88.7%+3.6%) p<0.001 and 0.0001, respec-
tively. This finding was observed to be in
negative correlation with CD activity. Serum
levels of sema4A were significantly lower in
patients with CD and UC compared to that
of both control groups. In addition, sema4A
was highly expressed in lymphocytes of lam-
ina propria of CD and UC patients, but was
absent in patients in acute diverticulitis or in
normal individuals. An altered percentage of
sema3A expressing Treg cells in patients with
inflammatory bowel disease (IBD) is suggest-
ed to be partially responsible for their failure
in suppressing T-cell-induced inflammation
in IBD, and therefore sema3A could become
a therapeutic candidate for improving im-
mune-mediated bowel inflammation. Se-
ma4A expression was found to be increased
in bowel biopsies of CD and UC, but not in
normal bowel tissues. Accordingly, it was
suggested that it acts as a regulatory factor
in preventing local tissue inflammation in
IBD (18).

Semaphorin3A in atopic diseases

The involvement of regulatory cells such as
Treg cells in allergic rhinitis (AR) and asthma
is well recorded, making sema3A a regulato-
ry molecule and a good candidate to be as-
sessed in atopic diseases (19). Sema3A, previ-
ously shown to restrict innervation of sensory
neurons, was presumed to play a role in the
pathogenesis of AR. Namely it was hypothe-
sized that an alteration in the expression of
sema3A in the nasal mucosa might contrib-
ute to the hyper-innervation of nasal neurons
that we see in nasal epithelium. Indeed, the
expression of sema3A in the nasal epithelium
of ovalbumin-sensitized AR in a mouse mod-
el was found to be significantly decreased.
This was observed to be in association with
sneezing and nasal rubbing in this murine
model, along with an increased nerve fiber
density in the lamina propria of the turbinate.
Furthermore, when recombinant sema3A
was administered intra-nasally to these mice,
sneezing and nasal rubbing symptoms were
alleviated. This was an additional study show-
ing evidence that sema3A may provide a nov-
el therapy for AR and other atopic disorders
such as conjunctivitis and bronchial asthma
(21, 22). Semaphorins are well reported to be
regulators of airway smooth muscle (ASM)
hyperplasia. With this in mind, the sema3A re-
ceptor NP-1 was shown to be well expressed
on ASM. When exogenous sema3A was add-
ed to these cells, it inhibited their growth
factor-induced proliferation. This inhibitory
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effect was associated with decreased tyro-
sine phosphorylation of PDGFR, down-reg-
ulation of Raci activation, STAT3 and GSK-3B
phosphorylation. These findings suggest a
functional contribution of sema3A-NP-1 axis
in airway remodeling and that sema3A could
become a useful therapy in treating hyper-re-
active airway disorders (21, 22).

Semaphorin3A in atopic dermatitis (AD)
Epidermal hyper innervation in AD is activated
by various external stimuli causing enhanced
itching. This condition is regulated in part by
the nerve repulsion factor sema3A. Aiming to
gauge the contribution of sema3A in regu-
lating this skin disorder, the application of se-
ma3A ointment in the NC/Nga mouse model
of AD was evaluated. Transepidermal water
loss (TEWL) was measured before and after
each treatment. The degree of dermatitis and
scratching behavior were also scored. Topical
application of sema3A, betamethasone, and
tacrolimus ointments improved scratching be-
havior and the dermatitis score in treated mice
compared with control mice. A significant im-
provement of TEWL was recorded only in se-
ma3A ointment-treated mice. The number of
inflammatory cells, such as CD4 effector T cells
and eosinophils were reduced in the epidermis
of sema3A treated mice compared with con-
trols (23). In another study, sema3A treatment
has been shown to inhibit nerve growth fac-
tor-induced sprouting of sensory nerves, and
the normalization of hyper innervation in AD.
Here also, sema3A resulted in suppression of
itching and the amelioration of intractable
pruritus in AD (24).

The above results are summarized in Table 1.

Conclusion

Semaphorin 3A is well known for its suppres-
sive\regulatory effect on many inflammatory
processes. Its low level of expression on both T
and B regulatory cells in autoimmune diseases,
such as SLE and RA, contributes to the failure of
self-tolerance in these diseases. Thus, sema3A
should be considered a promising therapeutic
tool that could be applied in a wide spectrum
of immune-mediated diseases.
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