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Abstract

Rheumatoid arthritis (RA) is a systemic autoimmune
disease manifesting in joint destruction. The recognized
hallmark of RA pathogenesis is the involvement of
immune cells which produce many mediators
potentiating an inflammatory environment. RA
synovial fibroblasts (RASFs) contribute significantly to
disease progression by initiating and regulating many
pathways of joint destruction. Detailed molecular
insights into RASF biology may lead to identification of
important therapeutic targets. The discovery of common
molecular targets for joint resident and inflammatory
cells may help to develop the most effective therapeutic
strategy. One such pathway includes semaphorin 4A as
reported in a recent article in Arthritis Research & Therapy.

Rheumatoid arthritis synovial fibroblasts (RASFs) produce
a variety of cytokines, chemokines, and matrix metallopro-
teinases (MMPs) which potentiate the effects of inflamma-
tory and immune cells in rheumatoid arthritis (RA). In a
recent article in Arthritis Research & Therapy, Wang and
colleagues [1] report new findings on semaphorin 4A
(SemadA) in disease. They examined the expression and
function of Sema4A in synovial tissues and in RASFs ob-
tained from patients with a confirmed RA diagnosis.
Sema4A belongs to a family of glycoproteins that were
originally found in the nervous system and that function
as axon guidance molecules. The pioneering semaphorin
immunology research by Kumanogoh and colleagues [2]
identified Sema4A expression on antigen-presenting cells
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in the lymphoid tissues. They demonstrated that Sema4A
acts as a co-stimulator of T-cell activation in vitro and
potentiator of antigen-specific T-cell generation in vivo
[2, 3]. In vitro, Sema4A-Fc increased antigen-dependent
T-cell proliferation and interleukin (IL)-2 production
whereas anti-Sema4A Ab inhibited allogeneic response
in T cell-dendritic cell mixed lymphocyte reactions.
Sema4A interacts with T-cell immunoglobulin and
mucin domain-2 (Tim-2) predominantly expressed on
T helper (Th)2 cells [2]. The recent study by Delgoffe
and colleagues [4] stressed a critical role of Sema4A-
neuropilin-1 interaction in regulatory T (Treg) cell dif-
ferentiation, survival, stability, and function. Additionally,
Sema4A engages several Plexin family members—namely
Plexin D1, Plexin B1, and Plexin B2—expressed on non-
immune (epithelial or endothelial or both) and immune
cells (reviewed in [5]). The multiple and complex ways
that SemadA interacts with its receptors have been shown
to play important roles in several physiological and patho-
logical conditions (reviewed in [5]). Targeted disruption of
Sema4A in animal models led to impaired antigen-specific
T-cell generation and cytokine production [2]. The aug-
mented severity of systemic allergic inflammatory responses
was found in ovalbumin-treated Sema4A-deficient mice
and was associated with increased Treg cell numbers,
whereas Thl/interferon-gamma response was not affected
[6, 7]. Rennert and colleagues [8] have shown that Tim-2-
deficient mice exhibited increased lung inflammation and
Th2 cytokine production in response to allergen. Hence,
the opposite effects of Sema4A in autoimmune and aller-
gic inflammatory diseases suggest that Sema4A promotes
Thl cell and suppresses Th2 cell responses. However,
recombinant human Sema4A (rhSema4A) effectively inhib-
ited already established allergic lung inflammation [9],
and bone marrow chimeric mice demonstrated an equal
importance of Sema4A expression on lung resident cells
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and bone marrow-derived inflammatory cells for optimal
disease manifestation [8]. Thus, the function of Sema4A
in autoimmune and allergic diseases is complex and af-
fects many immune and non-immune cells.

Wang and colleagues [1] demonstrated significantly
higher levels of Sema4A mRNA and protein expression
in synovial tissues of RA patients as compared with those
with osteoarthritis. Moreover, the levels of secreted
SemadA positively correlated with disease activity score.
Invasive ability of RASF was potentiated by rhSema4A
and blocked with Sema4A small interfering RNA (siRNA).
Pro-invasion activity of Sema4A was supported by the
data on Sema4A-dependent induction of MMP-3 and
MMP-9 expression in RASFs. Furthermore, there is a
positive stimulatory Semad4A-nuclear factor-kappa-B
(NF-xB) loop as the silencing of p50 or p65 with siRNA
constructs led to inhibition of Sema4A expression and
rhSema4A treatment upregulated NF-kB phosphorylation
in cells. In addition, rhSema4A-dependent IL-6 produc-
tion in RASFs was attenuated by a specific NF-«kB inhibi-
tor. The induction of IL-6 by rhSema4A in RASFs was
significantly inhibited by silencing Plexin B1 and partially
inhibited by silencing Plexin D1 and TIM-2, thus clearly
demonstrating the different levels of involvement of three
SemadA receptors in RA pathogenesis relative to RASF
activation and function. The lipopolysaccharide-induced
release of other proinflammatory cytokines, namely tumor
necrosis factor-alpha and IL-1f, in THI cell line was sig-
nificantly promoted by rhSema4A. Importantly, all three
cytokines are considered to be the critical regulators of
RA pathogenesis and their inhibition had demonstrated
the reverse effects on disease progression and significant
improvement of disease activity scores [10]. In addition to
all of the above, the detected overexpression of soluble
Sema4A in RA patients’ synovial fluids and serum may
prove the potential of Sema4A as a diagnostic and prog-
nostic marker for disease initiation, progression, and thera-
peutic intervention.

Taken together, the data presented by Wang and col-
leagues [1] pave the way for further investigations of
Sema4A in autoimmune diseases, including RA, and pro-
vide evidence for its therapeutic potential. The multifaceted
activity of Sema4A in coordination of numerous immuno-
logic and pathologic mechanisms involved in RA requires
their careful and detailed individual examination.

Abbreviations

IL: Interleukin; MMP: Matrix metalloproteinase; NF-kB: Nuclear factor-kappa-B;
RA: Rheumatoid arthritis; RASF: Rheumatoid arthritis synovial fibroblast;
rhSema4A: Recombinant human semaphorin 4A; Sema4A: Semaphorin 4A;
SIRNA: Small interfering RNA; Th: T helper; Tim-2: T-cell immunoglobulin and
mucin domain-2; Treg: Regulatory T.

Competing interests
The author declares that she has no competing interests.

Published online: 06 November 2015

Page 2 of 2

References

1. Wang L, Song G, Zheng Y, Tan W, Pan J, Zhao Y, et al. Expression of
Semaphorin 4A and its potential role in rheumatoid arthritis. Arthritis Res
Ther. 2015;17:227.

2. Kumanogoh A, Marukawa S, Suzuki K, Takegahara N, Watanabe C, Ch'ng E,
et al. Class IV semaphorin Sema4A enhances T-cell activation and interacts
with Tim-2. Nature. 2002;419:629-33.

3. Kumanogoh A, Shikina T, Suzuki K, Uematsu S, Yukawa K, Kashiwamura S,
et al. Nonredundant roles of Sema4A in the immune system: defective T
cell priming and Th1/Th2 regulation in Sema4A-deficient mice. Immunity.
2005;22:305-16.

4. Delgoffe GM, Woo SR, Turnis ME, Gravano DM, Guy C, Overacre AE, et al.
Stability and function of regulatory T cells is maintained by a neuropilin-1-
semaphorin-4a axis. Nature. 2013;501:252-6.

5. Nkyimbeng-Takwi E, Chapoval SP. Biology and function of neuroimmune
semaphorins 4A and 4D. Immunol Res. 2011;50:10-21.

6. Morihana T, Goya S, Mizui M, Yasui T, Prasad DV, Kumanogoh A, et al. An
inhibitory role for Sema4A in antigen-specific allergic asthma. J Clin Immunol.
2013;33:200-9.

7. Nkyimbeng-Takwi EH, Shanks K, Smith E, lyer A, Lipsky MM, Detolla LJ, et al.
Neuroimmune semaphorin 4A downregulates the severity of allergic
response. Mucosal Immunol. 2012;5:409-19.

8. Rennert PD, Ichimura T, Sizing ID, Bailly V, Li Z, Rennard R, et al. T cell, Ig
domain, mucin domain-2 gene-deficient mice reveal a novel mechanism for
the regulation of Th2 immune responses and airway inflammation. J
Immunol. 2006;177:4311-21.

9. Mogie G, Shanks K, Nkyimbeng-Takwi EH, Smith E, Davila E, Lipsky MM, et al.
Neuroimmune semaphorin 4A as a drug and drug target for asthma. Int
Immunopharmacol. 2013;17:568-75.

10.  Edwards CJ. Immunological therapies for rheumatoid arthritis. Br Med Bull.
2005;73-74:71-82.



	Abstract
	Abbreviations
	Competing interests
	References



