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Abstract Semaphorins are a family of proteins that were originally described for their role in axonal guidance. Studies

now show that semaphorins encompass many physiological functions outside of the nervous system, including immune

responses. Semaphorin7A (SEMA7A) belongs to the ‘‘immune’’ semaphorin group and has been shown to play a crucial

role in regulating immune responses. In this review, we discuss the structure and function of SEMA7A as well as its role of

SEMA7A in innate and adaptive immunity. We further describe SEMA7A’s involvement in inflammatory disease and its

emergent role in cancer.
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Semaphorin7A

Semaphorins are a protein family that plays important roles

in many morphological and physiological processes from

viruses to humans [1]. Semaphorins are classified based on

their structure and protein domains. The structure of the

semaphorins consists of a conserved cysteine-rich (*500

amino acids) residue called the ‘‘sema’’ domain, a plexin–

semaphorin–integrin (PSI) domain, and variable protein

domains [2]. Variations in C-terminal motifs are the key

differentiating factors among semaphorins. There are eight

classes of semaphorins: Class 1 and 2 are invertebrates,

class 3 through 7 are found in vertebrates, and class 8 are

viral-encoded [3]. Semaphorins in class 1 and class 4–7 are

mainly membrane-associated, whereas semaphorins in

class 2, 3, and 8 are mostly secreted [1]. The membrane

association/secretion behavior allows semaphorins to

mediate direct cell–cell interactions or chemoattraction/

chemorepulsion. Semaphorins were initially described for

their role in axon guidance during neurogenesis. It has now

been found that semaphorins branch beyond the nervous

system to cover an ample overlap of molecular repertoires.

Semaphorins are also involved in physiological processes

such as organogenesis, immune cell regulation, and vas-

cular growth [2].

Semaphorin7A (SEMA7A) is the only class 7 semaph-

orin, and to date, it is the only semaphorin that is GPI-

anchored [4]. SEMA7A was first identified as CDw108 on

erythrocytes and includes the John Milton Hagen antigen.

It is located on chromosome 15 (15q23-24) [5]. It was not

until 1998 that CDw108 was found to be part of the sem-

aphorin family, as SemaK-1 [4]. In 1999, it was renamed

SEMA7A and made into a separate class of semaphorins

based on its unique GPI anchorage [3]. Yamada et al. [5]

were the first to clone the human CDw108 cDNA

sequence, which encodes for 666 amino acids. The murine

counterpart is composed of 664 amino acids and shares

roughly 90 % homology with human SEMA7A [4]. Both

human and mouse SEMA7A contain a seven-bladed

b-propeller semaphorin N terminus domain, a plexin,

semaphorin, and integrin domain (PSI), an immunoglobu-

lin-like domain, and the characteristic GPI anchor in their
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C-terminus [6]. It was shown that SEMA7A can dimerize

through the Sema and immunoglobulin domains [6].

Semaphorin7A and its receptors

Semaphorin7A was originally identified as the vertebrate

homolog of virally encoded semaphorins A39R and AHV

[7]. Like the viral semaphorins, SEMA7A binds a virus-

encoded semaphorin protein receptor (VESPR) that is

also known as plexin C1. This receptor is expressed by

dendritic cells, monocytes, and neutrophils [8]. Unlike the

A39R semaphorin, the induction of SEMA7A on mono-

cyte chemotaxis and activation was not found to be

mediated through the receptor plexin C1 [9]. Pasterkamp

et al. [10] were the first to propose that SEMA7A’s RGD

motif (Arg267–Gly268–Asp269) can bind to the very late

antigen 1 dimer, a1b1, and promote axon growth. Simi-

larly, Suzuki et al. [11] showed that the modulatory

effects of SEMA7A on T cell inflammatory responses are

also mediated through the very late antigen 1 dimer,

a1b1-integrin. In contrast, the binding of endothelial

SEMA7A to macrophage avb5 integrin in a colitis model

induced the production of anti-inflammatory IL-10 [12].

These findings depart from the traditional notion that

semaphorins signal through plexins and neuropilins. A

recent report by Liu et al. [6] revisited the SEMA7A–

plexin C1 interaction and showed that the b-propeller

domains of SEMA7A and plexin C1 can bind in an edge-

to-edge manner. Their crystallographic protein findings

propose that SEMA7A’s RGD is hidden within the pro-

tein structure, therefore making it difficult to bind inte-

grins. Although most SEMA7A studies have investigated

its role as a ligand, a novel role for SEMA7A as a receptor

for P. falciparum merozoite-specific TRAP homolog

(MTRAP) has been proposed.

In platelets, it has been found that the 80-kDa mem-

brane-bound SEMA7A can be cleaved off the membrane

by ADAM-17 [13]. The extracellular soluble version of

SEMA7A has been found to have chemotactic properties in

monocytes [9] and promote axon branching [10] and

melanocyte dendricity [14], among others. In vitro treat-

ment of recombinant SEMA7A with caspase-9 resulted in

24-kDa fragments [15]. They further demonstrate that

mutating the conserved VHQDQAYDD motif in SEMA7A

impairs caspase-9 cleavage. In vivo, they showed that

Apaf-1 is required for caspase-9 cleavage of SEMA7A

[15]. However, it is still largely unknown whether the

different cleaved forms of SEMA7A serve differential

functions in comparison with full-length SEMA7A, and

whether the cleaved forms may lead to alternative signaling

programs. Future studies will have to elucidate whether

binding of secreted or membrane-bound SEMA7A in cis or

trans associations can mediate differential effects through

integrins, plexins, or other potential co-receptors.

Role of semaphorin7A in innate immunity

Holmes et al. [9] first showed a functional role for

SEMA7A as an activator of human monocytes in vitro. In a

dose-dependent manner, soluble SEMA7A was able to

induce the production of proinflammatory cytokines: IL-8,

TNF-a, IL-6, and IL-1 [9]. To a lesser extent, SEMA7A

was also able to induce the production of IL-8, TNF-a, IL-

6, and IL-1 in human neutrophils. In both monocytes and

neutrophils, IL-8 was most significantly up-regulated by

SEMA7A. SEMA7A was able to induce a phenotypic

change in these human monocytes, and skewed them to

become CD11b?/CD14-/CD1a-/CD83?/CD40?/CD86?

dendritic-like cells [9], consistent with the reports of

SEMA7A promoting cell dendricity [10, 14]. Furthermore,

it was found that SEMA7A could chemoattract monocytes

at femtomolar concentrations but was less effective in

promoting neutrophil migration [9]. Recently, hypoxia-

elicited endothelial SEMA7A was found to increase neu-

trophil transmigration across vasculature [16]. SEMA7A-

deficient mice showed decreased neutrophil vascular

transmigration despite hypoxic stimuli [16]. TGF-b also

plays a role in skin inflammation as this protein was found

to induce increased expression of SEMA7A on human

keratinocytes [17]. Increased SEMA7A contributed to skin

inflammation by activating monocytes via b1-integrin to

produce IL-8, while blocking b-integrin neutralized the

effect of SEMA7A [17]. SEMA7A was also found to

influence inflammatory processes in a cornea inflammation

model by mediating macrophage infiltration to the cornea

[18].

Semaphorin7A (SEMA7A) has been shown to exert

either a pro- or anti-inflammatory effect depending on the

cell type and receptor subunit engaged by this protein [11,

12]. Contrary to the pro-inflammatory effects associated

with SEMA7A, intestinal epithelial cell (IEC)-derived

SEMA7A was found to negatively regulate development of

colitis [19]. Intestinal macrophages maintain quiescent

immune response under constant onslaught by commensal

bacteria. SEMA7A was found to play a role in the main-

tenance of quiescence by inducing the production of

immunoregulatory cytokine, IL-10, by intestinal macro-

phages [19]. Furthermore, these same authors showed that

SEMA7A-deficient mice exhibit severe signs of dextran

sodium sulfate-induced colitis due to reduced levels of

intestinal IL-10. These studies in total indicate differential

roles of SEMA7A depending on the receptor engagement
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and cellular sources. SEMA7A is pro-inflammatory

through T cell–monocyte interactions via a1b1-receptor

[12] and anti-inflammatory through avb1-integrin expres-

sed on intestinal macrophages [12].

Macrophages and monocytes not only respond to

SEMA7A, but can also express SEMA7A. THP-1 cells

treated with respiratory sensitization chemicals showed

increased expression of SEMA7A [20]. Human primary

monocytes from West Nile virus expressed significantly

higher mRNA levels of SEMA7A, compared to normal

healthy controls. SEMA7A is also expressed in macro-

phages from the lungs of idiopathic pulmonary disease

patients [21].

Role of semaphorin7A in adaptive immunity

SEMA7A is expressed in both myeloid and lymphoid lin-

eages [9]. SEMA7A has been reported to be expressed on

activated lymphocytes [22]. While this protein is highly

expressed on activated T lymphocytes, it is expressed at

lower levels in B lymphocytes [23].

Investigation of SEMA7A expression in tissue during

immune system development revealed strong signals in

thymus tissue with weak expression in the spleen and

lymph nodes. Flow cytometric analysis of thymocytes

during development showed that 15 % of thymocytes

express this molecule. Further analysis of thymic subpop-

ulations revealed expression in double-positive subsets and

in CD4brightCD8dull subpopulations with the absence of

expression on single-positive CD4 or CD8 T lymphocytes

[22]. There is no further expression of SEMA7A in T cell

precursors until single-positive T cells exit the thymus and

are activated in the periphery [5]. SEMA7A is expressed in

early lymphocyte activation and has been reported to be

expressed on most T and NK cells and B cells as early as

4 h after activation with maximal expression at 48 h post-

stimuli and then gradually disappears [24]. Thus, this may

indicate a specific function that is related to the activation

and differentiation of lymphocytes.

In the periphery, SEMA7A has been found to play an

important role in the effector phase of cell-mediated

immune responses and inducing the production of pro-

inflammatory cytokines by macrophages. Activated CD4?

T cell-expressed SEMA7A has been found to accumulate

at the contact zone between T cells and macrophages.

Thus, SEMA7A is recruited to lipid rafts in the immuno-

logical synapse between T lymphocytes and macrophages,

resulting in clustering of a1b1-integrins and formation of

focal adhesion complexes in monocytes and macrophages

[11]. Thus, stimulation of macrophages through a1b1-

integrins induces the activation of the downstream mito-

gen-activated protein kinase pathway, resulting in the

production of proinflammatory cytokines. While SEMA7A

has an activating effect on monocytes, it has been reported

to negatively regulate T cell-mediated immune responses

[25]. It was shown that SEMA7A-/- T cells were hyper-

proliferative upon antigenic stimulation. Further,

SEMA7A-/- mice had more severe responses in experi-

mental autoimmune encephalomyelitis (EAE) conditions

compared to wild-type mice. In contrast to these findings,

Okuno et al. [26] reported that SEMA7A-deficient mice

immunized with a myelin oligodendrocyte (MOG) peptide

in CFA generate MOG-peptide-specific CD4? T cells and

are resistant to EAE development. Further, it was shown

that SEMA7A on antigen-primed T cells induces inflam-

mation in EAE through interactions with a1b1-integrin

[11] and that antigen-specific T cells and cytokine-pro-

ducing effector T cells are not impaired in SEMA7-/-

mice [11]. These findings indicate that SEMA7A is path-

ologically involved in EAE.

Regulatory T lymphocytes are important in maintaining

homeostasis of the immune system in healthy and patho-

logical conditions. Idiopathic pulmonary fibrosis is char-

acterized by epithelial injury and inflammation with an

abnormal wound-healing response [27]. Lymphocytes are

reported to be involved in the immunopathogenesis of

fibrosis [28–31]. Since abnormalities in regulatory T cells

are seen in lungs of patients with fibrosis, Reilkoff et al.

[21] assessed SEMA7A expression in human and mouse

models of fibrosis. Increased levels of SEMA7A?CD4?

CD25?FoxP3? Tregs were observed in the blood of

patients with rapidly progressive IPF. It was further shown

that SEMA7A-expressing Tregs in contrast to SEMA7-

CD4?CD25?FoxP3? cells show reduced expression of

regulatory mediators, such as IL-10 [21]. It was postulated

that since SEMA7A- Tregs were not associated with

progressive IPF, SEMA7A expression identifies a popula-

tion of Tregs that traffic to the lung and contribute to dis-

ease progression via impaired suppressor capabilities [21].

To date, the expression of SEMA7A by B cells and the

effect of SEMA7A on B cells have not yet been extensively

explored. Holmes et al. [23] noted that exogenous

SEMA7A did not induce B cell production of proinflam-

matory cytokines. CD19? B cells from patients suffering

from scleroderma-related interstitial lung disease showed

high levels of SEMA7A compared to healthy controls.

Semaphorin7A’s role in inflammatory diseases

Inflammation induced by the interaction between SEMA7A

and its receptors contributes to inflammation by stimulation

of macrophage chemotaxis [9], regulation of monocyte

differentiation into dendritic cell type [9], chemokine

production, and modulation of T cell function [11]. In its
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pro-inflammatory role, SEMA7A has been found to play a

role in liver fibrosis [32], neuronal injury [33], pulmonary

fibrosis [23], skin inflammation [17], corneal inflammation

[18], and multiple sclerosis [26]. Murray et al. [34] dem-

onstrated that M2-type macrophages promote transforming

growth factor (TGF-b1)-induced lung fibrosis and that

SEMA7A regulates TGF-b1-induced M2 and fibrocyte

differentiation. Additionally, they demonstrated that

SEMA7A and its receptors are induced by TGF-b1 and that

SEMA7A plays a vital role in a PI3 K/PKB/AKT-depen-

dent pathway that contributes to TGF-b1-induced fibrosis

and remodeling. Gan et al. [23] determined the role of

SEMA7A in TGF-b1-induced pulmonary fibrosis. Using

TGF-b transgene-positive mice, it was found that

SEMA7A mediates fibrocyte accumulation in the TGF-b1-

exposed lungs by b1-integrin-dependent pathway [23]. In

determining the signaling pathway by which SEMA7A

induces fibrosis, it was observed that TGF-b activates PIP-

3 K and its downstream Akt pathway in a SEMA7A

dependent way [2, 12]. In hepatic fibrosis, the expression of

SEMA7A and its receptor b1-integrin subunit was up-

regulated in hepatic stellate cells (HSCs) during liver

injury. Overexpression of SEMA7A in HSCs revealed

increased fibrosis with inflammatory mediator expression

while SEMA7A gene silenced HSCs has decreased

expression of inflammatory mediators [32].

A link between inflammation and hypoxia has been

recently noted. In hypoxia-induced inflammation, proin-

flammatory cytokines are released by the immune cells.

SEMA7A was also found to induce the production of

cytokines in macrophages and monocytes that play a role

during effector phase of inflammatory immune response [9,

11]. The role of SEMA7A in the development of hypoxia-

elicited inflammatory response was determined by Morote-

Garcia et al. [16]. This study showed that SEMA7A is

significantly induced by hypoxia in a process regulated by

the hypoxia-inducible factor. These studies suggest that

SEMA7A plays a vital role in varied inflammatory

diseases.

Semaphorin7A and cancer

The involvement of SEMA7A in cancer is still largely

unknown. To date, it has been found that SEMA7A is up-

regulated in glioblastoma cell line [35]. A recent study has

shown a novel role for SEMA7A in regulating epithelial to

mesenchymal transition (EMT) in a mammary epithelial

cell line. Inhibition of SEMA7A in EpRas cells resulted in

an impaired ability to undergo TGF-b-induced EMT. Our

laboratory has found that murine mammary carcinomas,

E0771 and DA-3, have increased SEMA7A mRNA levels

compared to the expression of nontumorigenic EpH4

mammary cells (Fig. 1a). To date, no published studies

have investigated the role of SEMA7A in breast cancer.

Similar to its role in migratory function on monocytes,

SEMA7A was found to directly induce migration of DA-3

tumor cells in a dose-dependent manner (Fig. 1b). We are

currently evaluating the contributions of tumor-derived

SEMA7A and its plausible effects on immune cells during

breast cancer progression.

Conclusions

In this review, we have summarized the findings on

SEMA7A, the only member in semaphorin family that is

GPI-anchored. An immune function for SEMA7A is

described as it plays a role in both innate and adaptive

immune systems. In the innate immunity, it is a potent

Fig. 1 SEMA7A gene expression in murine mammary cells. a Total

RNA was purified from benign EpH4 mammary cells and E0771 and

DA-3 mammary tumor cells and analyzed using qRT-PCR primers

(SABiosciences) for the expression of murine semaphorin7A. b
Calcein AM-labeled DA-3 cells (0.1 9 106) were placed in the upper

chamber of BD Fluoroblok 0.8-lm transwell inserts in serum-free

DMEM with and without rmSEMA7A (R&D Systems) and incubated

for 12 h using 10 % FBS-DMEM as a positive control. The

fluorescent intensity of migrated DA-3 was measured at 12 h and

compared to serum-free DMEM as percentage increase. Data are

representative of three independent experiments. Statistical compar-

isons of paired groups were determined by Student’s t tests. * \0.05,

** \0.01
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stimulator of monocytes inducing the production of pro-

inflammatory cytokines. On the other hand, SEMA7A has

been shown to function as a regulator of T cell immune

response by its effects on T cell proliferation. We also

describe a novel role for SEMA7A in cancer as it had a

direct chemoattractant activity on breast cancer cells.
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